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ABSTRACT

Pregnant women 35 years or older at delivery represent the largest users of prenatal
genetic services in Canada: in 1990, 78% of referrals for prenatal testing were because of
advanced matemal age (AMA), yet this represented only 52% of eligible women. The
degree to which aspects of the organisation and delivery of care and matemal
characteristics were involved in the process of obtaining genetic prenatal diagnosis in
Manitoba was assessed using a linked dataset.

The study sample inciuded al1 AMA Manitoba women in whom pregnancy had been
diagnoseci between November 25, 1989 and Mach 3 1, 1995 (n= 12,116 determined fiom
hospital discharge abstracts). Pregnancies ending in a social termination (n=1,693) or a
miscarriage (n=1,981) were excluded fiom the analyses. AMA women who were
referred for genetic prenatal diagnosis (n=3,422) were compared to those who were not
referred (n=5,020)

Highly significant predictors of referral included (1) seeing an obstetrician before 16

weeks gestation (odds ratio 4.7, 95% CI 4.1-5.5), (2) a Down syndrome risk detemined
by s e m screening to be increased over the age-related risk (odds ratio: 2.7,95% CI: 2.43 4 , (3) matemal age of 36+ years at terni (36-39 years: odds ratio 2.3, 95% CI 2.1-2.5;
40+ years OR 2.2,95% CI 1.8-2.6), (4) urban residence (odds ratio: 1.9,95%CI:1.7-2.2),

(5) previous poor obstetric history (odds ratio: 1.9,95% CI: 1.5-2.5), (6) king in the top

income quintile (odds ratio: 1.6,95% CI: 1.3-1.8)and (7)seeing a general practitioner by

16 weeks (odds ratio: 1.4,95% CI: 1.2-1.6).

Over the study period, approximately 4 1% (3,422/8,442)
of the eligible AMA population
was referred for prenatal diagnosis counselling and 74% (2,527/3,422)
went on to have
invasive genetic prenatal testing. nie strongest predictor of uptake of invasive testing
was seeing an obstetrician before 16 weeks gestation (odds ratio 2.3,95% CI: 2.0-2.7).

Belonging to eitner of the top two income quintiles was a stronger predictor of invasive
testing than was having a Down syndrome risk increased over the age-related risk (odds
odds ratio Quintile 5: 2.0,95% CI: 1.6-2.5vs. odds
ratio Quintile 4: 1.7,95% CI: 1.3-2.1;
ratio 1.4,95% CI: 1.2-1.7).A woman was also more likely to have invasive testing if she
was between 36-39 ycars of age, rather than 40+ years at term (odds ratio 1.5, 95% CI:

1.2-1-7,p= 0.0001 vs. odds ratio 1.4, 95% CI: 1.l-1.8,p= 0.0194). Seeing a general
practitioner before 16 weeks of pregnancy, urban residence and poor obstetric history
were not found to be significant predictors of invasive testing. Early complications of
pregnancy had a significant negative association with uptake of invasive testing (odds
ratio: 0.6,95% CI: 0.5-0.8, p=O.OOOl).
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GLOSSARY

A priori

Administrative data
Administrative health care data
Advanced matemal age
AFP Screening
AFP
A1ph:tfetoprotein

AMA

Amniocentesis
Anencephaly
Anonymized database

Birth Events Database

Candidate record pair
Census division
Chorion villus sarnpling
Cordocentesis

Relating to, or derived by reasoning fiom, selfevident propositions (modified fiom WWWebster
Dictionary, 1999)
See administrative healîh cure data
information that is routinely gathered and stored in
an electronic form as part of the process of the
delivery of health care
Matemal age of 35 years or more at tenn
See also materna1 serum AFP
See alpha-&toprote in
A protein produced by the fetus which crosses the
transplacental barrier into the maternal bloodstream.
Matemal senun AFP levels have been used to
screen for pregnancies at increased risk of neural
tube defects or Down syndrome
See advanced maternai age
Transabdominal penetration of the amniotic sac to
aspirate amniotic fluid
Congenital absence of all, or a major part of, the
brain (Merriam Webster WWWebster Dictionary,
1999)
A database with individual identifiers such as narne,
address, phone numbers etc. removed. In Manitoba,
health care number is altered in a consistent fashion
by Manitoba Health. This protects confidentiality
while still permitting linkage across different
datasets for research purposes
An "in-house" MCHPE database developed from
hospital daim files. It contains al! birth admission
records linkcd to the corresponding admission
record for the mother
Those records, each fiom different databases,
which, among al1 possible pairwise combinations,
are most likely to refer to the same individual
A geographic area intermediate in size between the
municipality and the province (modified fiom
Statistics Canada, 1996)
Transabdominal or transcervical aspiration of
chorionic villi for genetic analysis
Transabdominal peneûation of the amniotic sac to
sample fetal b l d fiom the umbilical cord for
genetic analy sis. Also known as perumbilical blood
sampling (PUBS)

CVS
Cytogenetics
Day surgery
De novo
Deterministic matching

Deterministic linkage
Dictyotene
Discriminating power

Down syndrome

EDC
Elevated AFP
Enmeration area

See chorion villus sampling
That branch of genetics devoted to the cellular
constituents i.e. the chromosomes (modified from
Dorland's Pocket Medical Dictionary, 1982)
See outpatient surgery
Arising spontaneously. From the Latin: d e d o w n
or fiom, novo-new (modified fiom WWWebster
Dictionary, 1999)
Generation of candidate records pairs based on a
categorical approach which quantifies the relative
ability of each linkap viuiablt: to identiîy potenhl
matches and the number of linkage variables that
must agree for a pair to be considered a match
(modified fiom Newcombe, 1967)
Record linkage performed using deterministic
matching
A prolonged diplotene stage of meiosis in oocytes.
The chromosomes may remain in this stage for
years (modified fiom King & Stansfield, 1997)
A measure used in record linkage to indicate the
utility of a specific variable in distinguishing
between records that represent different individuals
(modified fiom Newcombe, 1967)
A type o f mental retardation due to trisomy of the
Down syndrome region on autosome 2 1. In women
of advanced matemal age, Down syndrome in the
fetus is usually due to an extra copy of the entire
chromosome
Expected date of confinement, the estimated
calendar date when the baby will be bom (The Online Medical Dictionary, 1999)
An AFP result that is determined to be greater than
or equal to 2.3 MOM (the actual AFP level that this
corresponds to is gestation specific)
The smallest geographic area for which census data
i r e reported (modified from Statistics Canada,
1996)

Genotype
Genetic termination
Health region

Hospital claims

The genetic constitution of an organism (modified
h m King & Stansfield, 1997)
See termination due tofetal anomalies
Manitoba is divided into regions for the purposes of
health care administration. These sarne Health
regions are used as the unit for analysis of Manitoba
health care data
See hospital discharge abstroct

Hospital abstracts database

Hospital discharge abstract

ICD-9-CM
Incoine Quintile

A database of al1 inpatient and day surgery

admissions in Manitoba, based on information
obtained fiom the hospital discharge abstract
(modified h m MCHPE Concept Dictionary index, 1999)
Information coded on the discharge sheet describing
the patient's stay. lncludes admission and discharge
dates, diagnosis and procedure codes for the episode
of care (modified fiom MCHPE Concept Dictionary
- Glossary and Related Temis, 1999)
International Classification of Disease, Version 9
with clinical modifications
An ordinal measure used to divide the population
into 5 equal groups. each containing 20% of the
population, based on level of household income,
with Q1 king poorest and QS the wealthiest
(modified from MCHPE Concept Dictionary
Glossary and Related Terms, 1999)
The situation whereby the risk of Down syndrome
exceeds an arbiirary threshold of 11384; the risk
attributed to women 35 years of age at term.
Younger women may also experience an increased
Down syndrome risk when factors other than age
are included in the risk calculation i.e. senun
marker levels
(a) an individual who is admitted to hospital for
treatment (b) performed in hospital i.e. an inpatient
procedure
Invasive prenatal tests, such as amniocentesis, CVS
or cordocentesis, that permit a sample to be
obtained that can provide information about the
fetal karyotype, or the likelihood of birth defects
See invasive prenatal genetic testing
The chromosomal complement of a cell, individual
or species (modified fiom King & Stansfield, 1997)
A five digit numeric sequence assigned by the
Section of Genetics & Metabolism that uniqwly
identifies members of the same extended family
(kindred). M e n more than one person in a kindred
has been seen they are identified using a 3 digit
numeric sequence following the original file
number, separated fiom it by a decimal point
Date of the start of the last menses before
conception
See record linkage
See linkage variabie

-

Increased Down syndrome risk

Inpatient
Invasive Prenatal Genetic Testing

Last menstnial p e n d
Linkage
Linkage key

xviii

Linkage variable
LMP
Low AFP
Manitoba Health
Matching

Materna1 serum AFP

MCHPE
Medicai Claims database

Meiosis

MHSIP
Miscarriage

MOM

A variable which, due to its ability to uniquely and

reliably identify an individual, is used in record
linkage (modified fiom Newcombe, 1967)
See Zast nrenstrual period
An AFP result that is detennined to be less than or
equal to 0.4 MOM
The agency responsible for overseeing health care
services covercd under the provincial health care
plan
One of the steps in the linkage process in which
rules are applied to decide whether or not a pair of
records likely refer to the same individual (modified
from Newcombe, 1967)
A prenatal screening test where AFP levels
ascertained fiom a matemal blood sample are used
to detennine the risk of neural tube defects or
certain chtomosorne anomalies i.e. Down
syndrome, in the fetus
Manitoba Centre for Health Policy and Evaluation
A database of al1 physician daims for the
reimbursement of medical care in Manitoba. This
includes services rendered in offices and hospitals
as well as those perfomed in hospitals on an
outpatient bais (modified fiom MCHPE Concept
Dictionary - index, 1999)
A specialised fom of ceil division in which there
two successive nuclear divisions (meiosis I and II)
without any chromosome replication between them.
Each division cm be divided into 4 phases similar
to those of mitosis (prophase, metaphase, anaphase
and telophase). Meiosis reduces the number of
chromosomes in the parent cell (Zn) by half. Each
cell receives only one copy of each homolog.
During prophase of meiosis 1 (classically divided
into stages: Leptotene, Zygotene, Pachytene,
Diplotene
and
Diakinesis),
homologous
chromosomes pair to fom bivalents, thus allowing
crossing over, the physical exchange of chromatid
segments. This results in the recombination of
genes. Meiosis occurs during the formation of
gametes in animals (modified fiom The On-line
Medical Dictionary, 1999)
Manitoba Health Services Insurance Plan
An unplanned and spontaneous expulsion of the
fetus h m the womb before 20 weeks
Multiples of the median value

Monosomy
Mosaicism

MS-AFP
Neural tube defect
Neural tube

The condition in which one chromosome of a pair is
missing (King L Stansfield, 1997)
The occurrence in an individuai of two or more ce11
populations of different chromosomal constitutions,
denved fiom a single zygote (The On-line Medical
Dictionary, 1999)
See materna1 serum AFP
Abnomal development of the neural tube resulting
in anencephaly or spina bifida (modified from The
On-line Medical Dictionary, 1999)
That structure which gives rise to the centrai
nervous system, the brain and the spinal cord
(modified from The On-line Medical Dictionary,
1999)

Odds ratio

OR
Outpatient surgery
Persona1 identifier

PHTN

Failure of two memben of a chromosome pair to
separate during meiosis resulting in missing or extra
genetic information in the gamcte (modified from
King & Stansfield, 1997)
A comparison of the presence of a nsk factor in a
sample of exposed subjects and non exposed
controls (modified from The On-line Medical
Dictionary, 1999)
See odds ratio
Surgery that does not involve a hospital admission
See unique identifier
Persona1 Health Identification Number. A 9 digit
nurneric sequence assigned by Manitoba Health that
uniquely identifies an individual covered under the

MHSIP
Physician claims

"Claims" or requests for reimbursement for services
rendered. These are submitted by physicians to
Manitoba Health. Such claims describe the type of
service provided, who received the service and
when it was performed (modified fiom MCHPE
Concept Dictionary Glossary and Related Terms,

-

1999)

Physician Master file

Probabilistic matching

An anonymized database of al1 physicians
registered with Manitoba Health. It contains
scrarnbled physician code nurnbers, training and
specialty information and the billing postal code
(modified fiom MCHPE Concept Dictionary-index,
1999)
Generation of candidate records pain based on a
probabilistic approach that utilizes the information
in the linkage variables to estimate the likelihood

that the records represent a match (modified from
Gill & Baldwin, 1987)
Record linkage perfonned using probabilistic
Probabilistic linkage
matching
The merging of two or more files to distinguish
Record Linkage
records refemng to the same individual (modified
fiom Gill & Baldwin, 1987)
A woman was considered to have been referred for
AMA genetic counselling if her physician's office
contacted the Prenatal Diagnosis Co-ordinator and
requested a counselling appointment or, in the case
of women who had previously been counselled for
this reason, an IGPT appointment. Not al1 refenals
necessarily had counselling; they may have
miscarried or decided against counselling.
Registration number
A 6 digit numenc sequence assigned by Manitoba
Health that uniquely identifies nuclear farnilies
covered under the MHSIP
See Registration nurnkr
Regno
Rural residence
Residence in an area having a population density
less than or equal to 400 persons per square km
(modi fied from Statistics Canada, 1988)
Relationship, especially between individuals bom of
Sibship
the same parents (Dorland's Pocket Medical
Dictionary, 1982)
Spina bifida
A congenital defect of the spinal column
characterised by the absence of the vertebral arches
through which the spinal membranes and spinal
cord may protmde (modified from Merriam
Webster WWWebster Dictionary, 1999)
Spontaneous abortion
See Miscarriage
Spontaneous loss
See Miscarriage
Stillbirth
The birth of a fetus which shows no signs of life
and which has a gestational age of 2 20 weeks and
weighs 500g or more
Termination
Intentional ending of a pregnancy through the
removal of a fetus from the uterus usually M o r e 20
weeks gestation
Temination due to fetal anomalies Termination of pregnancy performed due to an
abnormal fetal karyotype or fetal anomalies
Tetrasorny
The condition in which a diploid organism contains
2 extra chromosomes, both of which are
homologous with one of the existing pairs, so that 4
copies of one chromosome are present (modified
h m King & Stansfield, 1997)

xxi

Therapeutic abortion

Translocation

Treaty Fint Nations

Triple test

Trisomy

Trisomy 2 1
Unique identifier
Urban residence

Termination of pregnancy perfonned either to Save
the life or health of a pregnant woman, or because
of fetal anomalies that are not compatible with life
or will lead to significant hardship
A chromosome aberration that results in a change in
position of a chromosomal segment within the
genome but does not change the total number of
genes present (modified fiom King & Stansfield,
1997)
People of abonginai ancestry who hold treaty status
under the Federal Indian Act (modified from
MCHPE Concept Dictionary - Glossary and Related
Terms, 1999)
A prenatal screening test that determines an
individual's risk of having a fehis with Down
syndrome based on the values of three marken
(AFP, estriol and human chorionic gonadotrophin),
determined from a matemal blood sample in
combination with the mateml age. Also known as
the triple screen.
A condition in which a diploid organism contains an
extra chromosome which is homologous with one
of the existing pairs, so that one kind of
chromosome is present in tnplicate (modified fiom
King & Stansfield, 1997)
See Down syndrome
An assigned sequence of charactea andor numeric
values that identiS, a particular individual
Residcnce in an area having a population density
greater than 400 persons per square km (modified
fkom Statistics Canada, 1988)

CHAPTER I . INTRODUCTION
Assessment of the physical and genetic status of the fetus during pregnancy, using a
variety of diagnostic and screening procedures, has become increasingly prevalent.
Diagnostic techniques that cari determine the genetic status of the fetus include invasive
tests such as amniocentesis, chorion villus sampling (CVS)and cordocentesis. Non, or
minimally, invasive screens include matemal serum alpha-fetoprotein (AFP) testing or
triple testing (utilizing matemal serum AFP, P-hCG and unconjugated estriol), in
combination with matenal age. to provide risk figures for adverse outcornes such as the
birth of a baby with a neural tube defect or chromosome abnormality. Though ultrasound
examination is commonly performed in pregnancy and may also be used to detect
physical defects in the fetus, it is generally used to ensure that the fetus' growth is
appropriate or to detemine the gestation of the pregnancy, rather than to screen for
anomalies. When necessary for the latter purpose, the expertise of the operator, the type

of equipment used, the gestation of the fetus, and the nature of the anomaly suspected are
key to obtaining usehl information.

Pregnant women aged 35 years or more at terni represent the largcst users of invasive

prenatal genetic services in Canada. In 1990, 78% of referrals for prenatal testing were
for this reason; however, this represented only 52% of eligible women (Stranc et al.,
1994). Determinhg factors which rnay impede access to prenatal genetic services for this

group is complex. Participation in prenatal testing is voluntary and, when the indication

for testing is advanced maternai age (AMA), the risk of finding a problem in the fenis is
relatively low; p ~ n a t a genetic
i
diagnosis may not be sought aithough it is known to be

available. In addition to personal choice, the opportunity to have testing may also be
influenced by the organization and delivery of care. Utilization rates c m only crudely
approximate the proportion of the eligible population that actually has access to these
services. Refend rates provide a more accurate indicator of the number of women
accessing these services; they reflect the number of women who were potentially
interestrd in iestiny and were suççossful in obtaining the appropriate referral, and not just

those who decided to have IPGT.

The opportunity to examine issues access to prenatal diagnosis is limited. A national
survey of Canadian centres performing genetic prenatal diagnosis found that it was not a
trivial task to obtain accurate information on the numbers of women being referred for, or
having, invasive prenatal genetic testing (Stranc et al., 1994). Obtaining this information
through other avenues, such as administrative health care data, is limited since both
invasive tests, such as genetic amniocentesis and CVS, and non-invasive ultrasounds are
performed as outpatient procedures; as such they are poorly captured by hospital claims
data. Fortunately, in Manitoba, the Section of Genetics and Metabolism performs dl
genetic prenatal diagnosis counselling and processes d l prenatal genetic specimens,
providing a single repository of information regarding referrals for prenatal diagnosis and
invasive prenatal genetic testing. This permits complete ascertainment of individuals
referred for prenatal testing, as well as an accurate determination of those that went on to
have prenatal diagnosis.

This study examines women referred for genetic counselling regarding invasive prenatal
genetic testing because of their age; this group is compared to women who were not
referred to determine if specific characteristics are more likely to result in referral.
Secondly, the extent to which individud or obstetric characteristics influence the decision
regarding prenatal diagnosis is explored.

A cohort of women who would have been over 35 years of age at expected date of

confinement (EDC)or tem, was constnicted fiom birth, termination and miscarriage
records in the administrative data. These records were linked to their counterparts in the
prenatal database of the Section of Genetics and Metabolism and in the Matemal Serum
Screening database. Individual-based measures fiom the linked data were used to

describe variation in referrals and uptake of prenatal diagnosis. An analysis of the
relative contribution of each measure to this variation was performed. It is hoped that

this will permit improving education regarding genetic testing, for boih providers and
patients, so that al1 AMA women eligible for prenatal genetic counselling have the
opportunity to make an informed decision regarding genetic testing.

CHAPTER 2. LITERATURE REVIEW
2.1

PRENATAL
DlAGNOSIS

2.1.1 Prenatal diagnosis for Advanced Matemal Age (AMA)

nie majority of genetic prenatal diagnosis performed in Canada is done for advanced
matemal age (AMA). It is otrered to older mothers because of an increased incidence of
chromosome number abnormalities in the fetus, particularly Trisomy 21 or Down
syndrome, with increasing materna1 age. In Canada, any woman who will be 35 years or
older on her expected date of delivery, or who has a Down syndrome risk equivalent to
that of a 35 year old woman is eligible, at her discretion, for counselling and prenatal
diagnosis to determine the fetal karyotype (Canadian College of Medicd Geneticists &
Society of Obstetricians and Gynaecologists of Canada 1993). Prenatal diagnosis has
been widely available in North Amenca since the early 1970s (MacKay & Fraser. 1993).
2.1.2 Down syndrome

Shortly afler the human chromosome number was confinned in 1956 (Ford & Hamerton,
1956; Tjio & Levan, 1956), it was realised that certain disorders, such as D o m

syndrome, had a chromosomal basis (Lejeune et al., 1959). Down syndrome, first
reported in 1866 by Langdon Down (Langdon Down, 1866), is one of the most common
and widely recognised genetic conditions, occwing in approximately 1/650-1/1,000 live
births (Hook, 1982; Antonarakis, 1998).

It is characteriseci by moderate mental

retardation, a characteristic appearance (aster, 1953) and a constellation of physicai
findings. As with most other genetic syndromes, there is considerable variability in the

type and seventy of the defeçts.

Many Down syndrome babies survive the neonatal period. However, approximately 4050% will have significant congenital heart disease (Berg et al., 1960; Rowe & Uchida,
1961; Buckley, 1983) and about 5% will have serious gastrointestinal anomalies, such as
duodenal or anorectal atresia (Kallen et al., 1996). Other health problems common in
individuals with Down syndrome include obstructive airway disease, hearing loss,
hypothyroidism, catacacts or other eye disordea, atiantoaxial instabiiity and seizures
(Pueschel, 1990; Hayes & Batshaw, 1993; van Schrojenstein Lantman de Valk et al.,
1996). Children with Down syndrome have a 10-15 fold increased risk of developing
leukaemia (Avet-Loiseau et al., 1995) and, after the third decade of life, almost al1
individuals with Down syndrome develop an Alzheimer-like dementia (Burger & Vogel,
1973; Wisniewski et al., 1998).

Historicaily, many theories have been proposed to explain the pathology of Down
syndrome, these included familial tuberculosis (Shuttleworth, 1906), syphilis (Sutherland

1899; Stevens 1915), parental alcoholism (Cafferata, 1909) and radiation exposure
(Uchida et al., 1968). Eventually, given that Down syndrome was present at birth, it was
suspected that it rnight have a genetic basis. The association of Down syndrome and
birth order, where Down syndrome infants were often the last-bom in a sibship, had lmg

been known (Fraser & Mitchell, 1876; Shuttleworth, 1909). and was ultimately
detemined to be due to advanced materna1 age at the time of conception (Peiuose, 1933).

As a woman iiges, her risk of conceiving a fetus with Down syndrome increases (Table
1). Approximately 95% of Down syndrome cases are due to a non-disjunctional event,

where paired chromosomes that should normally separate during meiosis fail to do so
(Magenis et al., 1977). In about 80% of such cases, this occurs in meiosis 1 of oogenesis,
resulting in a fetus with three copies of chromosome 21 (Langenbeck et al., 1976;
Magenis et al., 1977). Unlike males, who go h o u & a reguiar cycle of sperm
production, females are born with their complete complement of gametes (Mintz, 1959).
Table 1.

Rates of Down syndrome at live birth and at amniocentesis

Materna1 age (years)
35
36
37
38
39
40
41
42
43
44
45,

Risk of D o w syndrome
(ratel1,000)
At the time of anmiocentesis- At livebirth"
11336 (3.0)
11286 (3.5)
11268 (3.7)
11175 (5.7)
1/21 1 (4.7)
11147 (6.8)
11123
1/92
1/81
1/68
1/46
1/31
1/34
1/22

3

#

(8.1)
(10.9)
(12.3)
(14.7)
(21.9)
(32.4)
(29.6)
(45.3)

11164 (6.1)
1/127 (7.8)
1/97 (10.1)
1/75 (13.2)
1/57 (17.3)
1/43 (22.7)
1/33 (29.7)
1/25 (38.9)

1
4

1

At matemal ages over 45 there are considerably Iess data availablc with
which to generate accurate risk figures
Atter Bray et al., 1998 (Estimated livebirth prevalence as detennined
excluding Trimble & Baird's data is quoted)
From Table 6, Ferguson-Smith & Yates, 1984.

Each month a primary oocyte matures, completing meiosis 1.

The chromosome

complement is reduced to 23,X and the oocyte is released fiom the ovary. In older
mothen, each "egg" that undergoes this process will be as old as the mother herself, and
will have potentially spent several derades in dictyotene of meiosis 1.

Non-disjunction was first put forward as a cause for Down syndrome in 1932 by
Waardenburg (Waardenburg, l932), however, the precise mechanism that results in
increased non-disjunction of chromosome 21 with increasing materna1 age remains
unknown. It has been hypothesised that this is due to the ageing of the ova (Jenkins

1933, Rosanoff & Handy 1934, Bleyer, 1934); a theory that is premised on the
degeneration of the spindle mechanism over time. A woman who wiii be 35 years of age
when she delivers has a risk of 1 in 336 of having a livebom infant with Down syndrome

(Table 1, Bray et al., 1998). However, the probability of finding a fetus with Down
syndrome during the second trimester is 1 in 286 (Table 1, Ferguson-Smith & Yates,
1984). The disparity in these two figures is due to spontaneous iosses or miscarriages,

since a significant proportion of Down syndrome pregnancies are lost between the second
trimester and term (Hook et al., 1995).

Though there is a strong association between Down syndrome and increasing matemal
age, this is also seen in other non-disjunction syndromes, such as Trisomy 13 or 18.
However, their incidence is lower, thus the age-specific risk of having a livebom child

with one of these syndromes is decreased over that scen with Trisomy 21 (FergusonSmith & Yates, 1984). We rarely see, either at livebirth or at the time of prenatal
diagnosis, f e t w s that have an extra copy of the larger chromosomes i.e. those from
groups A [chromosomes 1,2 & 31, B [4,5], C [6,7,8,9,10.11,12,X] or trisomy for the F
group chromosomes [19,20] (Bout! & Boué, 1966), with the exception of the X
chromosome. This may indicate that having three copies of al1 the genes on any one

chromosome, or even of specific genes, may cause too great a disruption in the regulation
of genes during embryonic development for fetal development to continue.

The majonty of individuals with Down syndrome have an extra copy of chromosome 2 1;
however, in about 5% of cases the chromosome nurnber is normal and the Down
syndrome phenotype is due to a translocation involving chromosome 21 (Antonarakis,
1998). lndividuals with "translocation" Down syndrome are indistinguishable fiom those

who have "standard" Trisomy 21.

Though commonly involving an entire extra

chromosome, only a specific portion of chromosome 21-the

Down syndrome critical

region at 2 l q22.2q22.3-is required to effect the phenotype (Hagemeijer & Smit, 1977).

Approximately one third of cases of translocation Down syndrome are due to a
translocation segregating in the fmily, while the others represent de novo events that
occurred during gametogenesis in a parent, usually the mother (Mikkelsen, 1971;
Antonarakis, 1998). When the translocation is familial, there are serious implications for
"carriers"-who

will have a balanced genome and be phenotypically normal-with

regard to their risk of having a child with Down syndrome. Such individuals cm produce
any of six possible types of gametes, of which only t h e will be potentially viable.
These include garnetes with a normal chromosome complement, or those where the
translocated chromosome is present but no essential genetic materid is duplicated or
deficient. Altematively, the gametes rnay contain an unbalanced translocation with
additional or missing genetic materid fur either, or both, of the two chromosomes
involved in the translocation. When the latter is the case, either trisomy or monosumy for

the two chromosomes involved may be present. The empirically derived recturence risk
for a couple who have had a child with "standard" Trisomy 21 is 1% (Carter & Evans,
1961). When a parent carries the balanced translocation, the risk of having a child with

Down syndrome depends on the gender of the parent who has the translocation: 10-15%
if it is the mother and approximately 5% if it is carried by the father (Brissenden et al.,
1977).

Prior to the advent of prenatal diagnosis, Down syndrome was one of the most prevalent
genetic diseases-even before the trend of defemng child bearing until later in life.
Currently, with screening and selective termination, the proportion of Down syndrome
conceptuses surviving to livebirth has declined (Williamson et al., 1996; Caruso et al.,
1998). In Canada in 1990, Hamerton et al., reported that 88% of couples decided to
terminate the pregnancy upon receiving a diagnosis of Down syndrome in the fetus, and
that only 8% of such fetuses were carried to tenn (Hamerton et al., 1993). In those
pregnancies where a fetus with Down syndrome was detected, the most cornmon
indication for genetic testing was that the mother was of advanced matemal age (85%), a
M e r 5% had an adjusted Down syndrome nsk equivalent to that of a 35+ year old

woman based on their AFP screening test.
2.1.3 Methods of Prenatal Diagnosis
Prenatal diagnosis of genetic disorders, was first explored in 1966 when Steele and Breg

reported having performed chromosome analysis of human amniotic fluid cells (Steele &

Breg, 1966). C m n t i y in Canada, the option of prenatal fetal karyotyping is available to
women who will be 35 years of age or older on their expected delivery date solely on the

basis of their age-related risk of having a tnsornic child. This cut-off was adopted in

North America based primarily on the findings of a large study on the safety of
amniocentesis which found that the risk of an amniocentesis-related miscamage was
approximately equivalent to the risk of having a livebom child with Down syndrome at a
matemal age of 35 years (NICHHD, 1976).

There are several approaches to obtaining fetal ce11 sarnples. The most commonly used is
amniocentesis although, during the period covered by this study, chorion villus sampling

(CVS) was also offered for this indication. Cordocentesis is an option for women
requesting prenatal testing at late gestations when a rapid result is required since, at late
gestations, options become limited. Although in most cases a single diagnostic procedure

is sufficient, upon occasion-ither
sampling failed-more

to clarify an ambiguous result or if the original

than one procedure may be necessary.

Al1 of the above noted methods of prenatal diagnosis provide information about the fetal
karyotype, by looking directly at cultured fetally derived cells. Al1 are invasive and have

an associated procedure-related risk of miscarrîage above and beyond the background
loss rate for the particular stage of pregnancy at which they are perfonned. The major
difference between the techniques is the window of gestational ages within which they
can be perfonned, their associated risk of miscarriage and the tum-around time necessary
to obtain a result. Indications for prenatal testing fall into four categories: inçreased risk

of cytogenetic, molecular or biochemical abnonnalities in the fetus, or of structural
defects. The choice of technique depends on three factors: the availability of the

procedure, the gestation at which the need for prenatal diagnosis is recognised, the a
priori risk of an abnomality in the fetus and the suitability of the technique for the
diagnosis k i n g attempted e.g. CVS would not be appropriate if the indication for
prenatal diagnosis was to rule out a neural tube defect.

Amniocentesis Amniocentesis first became avaiiabie as a tooi for prenatal diagnosis in
1966, when it was demonstrated that the fetal genotype could be exarnined using cells
obtained by this technique (Steele & Breg, 1966). It has been routinely offered for
genetic testing since the mid-1970s and is considered the gold standard of invasive
genetic prenatal diagnosis. Genetic amniocentesis can be used to provide cytogenetic,
molecular or biochemical diagnoses in the fetus, as well as to suggest the presence of a
neural tube defect. Amniocentesis involves the withdrawal of amniotic fluid fiom the
amniotic sac s m u n d i n g the fetus. The timing of the procedure, which is usually
performed at 15-16 weeks gestation, is determined by the following factors: the
accessibility of the utems, the presence of a sufficient quantity of amniotic fluid to permit
the safe withdrawal of the sample, and the quantity of viable fetal cells in the amniotic
fluid. The procedure is optimally performed as soon as these requirements are met to
allow sufficient time to complete diagnostic studies and still permit any necessary and
desired interventions.

Amniocentesis is either perfonned under direct ultrasound guidance or an ultrasound is
performed immediately before sarnpling to detemine the best site for needle entry. The
procedure-related fetd loss rate for amniocentesis is approximately 0.5- 1.O% (NICHHD,

1976; Tabor et al., 1986; Canadian Collaborative CVS-Amniocentesis Clinical Trial

Group, 1989). Other potential materna1 complications include spotting, amniotic Buid
leakage, cramping p s t procedure, and amnionitis. Amnionitis occurs in fewer than 1 in
1,000 cases (MRC, 1991). Other potential complications include needle punctwe of the

fetus, placental abruption and pre-term labour; however, these risks are considered
remote. nie tirne from sampiing to a result k i n g available is generaily 10-2 1 days. nie
diagnostic accuracy of amniocentesis rnay be compromised by matemal cell
contamination, which occurs in approximately 1% of al1 samples. However, this problem
is difficult to identify unless the infant is male.

Chorion villus sampling Chorion villus sampling, usually first trimester method of
prenatal diagnosis, first became available in Canada in 1984 for those women
participating in the Canadian CVS-Amniocentesis randomi sed trial (Canadian
Collaborative CVS-Amniocentesis Clinical Trial Group, 1989). Although attempts to
biopsy fetal tissue had k e n made in the late 1960s (Mohr, 1968), this technique did not
attain widespread interest until the early 1980s. At that time, the fetal loss rate
accompanying the procedure declined markedly due to improvements in instrumentation,
ulcnisound and sampling technique, and a concomitant improvernent in cytogenetic
expertise in dealing with this ce11 type that permitted karyotypes to be reliably obtained

(Simoni et al., 1983).

Chorion villus sampling involves passing a sampling instrument into the developing
placenta and sampling a tissue-the

chorionic villus-that

is fetal in origin. This test is

performed under continuous ultrasound guidance between 1 1 and 13 weeks gestation and
can be attempted either transcervically or transabdominally. In addition to the earlier
tirne of sampling, CVS offers a faster tumaround time than amniocentesis with results
generally available within 7-10 days. Although both CVS and amniocentesis are highly
accurate tests, confined mosaicism within the placenta may occasionally result in a
discrepancy between the chromosome results obtained from the villi on CVS and the

actual fetal karyotype. Mosaicism has been noted to occur in 0.8-1.6% of samples

(MRC,1991;Ledbetter et al., 1992).

As with amniocentesis, CVS entails a risk of rniscaniage and of matemal complications.

The fetal loss rate following CVS is generally quoted as 0.6-0.8% above that of
amniocentesis (Rhoads et al., 1989; Lippman et al., 1992). However, it has been shown
to be significantly affected both by the approach used to obtain the sample (Smidt-Jensen
et al., 1992) and by the leaming c w e evident for CVS. In view of the latter, the
Canadian College of Medical Genetics and the Society of Obstetricians and
Gynaecologists of Canada recomrnend that an obstetrician perfonn at least 50 CVS
procedures per year before k i n g recognised as comptent to provide this service
(Canadian College of Medical Geneticists & Society of Obstetricians and Gynaecologists
of Canada, 1993). Other potential complications of CVS include amniotic fluid leakage,

which occurs in less than 1% of cases (Fthoads et al., 1989; Lippman et al., 1992),
spotting which occurs in about 7% of cases (Rhoaûs et al., 1989; MRC, 1991) and, rarely,

sepsis.

Cordocentesis Cordocentesis is generally performed aAer 18 weeks of gestation and
involves directly sampling fetal blood, usually from the placenta1 origin of the umbilical
vein, while under ultrasound guidance. Of al1 the methods of prenatal diagnosis
described, successful sampling using this procedure requires a particularly skilled team.
The miscarriage rate associated with this procedure is dificult to determine with quoted
rates varying fiom 1-6% (Bemaschek et al., 1995; DafTos et al., 1985). nie higher risk is
associated with pregnancies where the fetus is known to be compromised. Accordingly,
cordocentesis is generally reserved for those occasions where a timely result is not
possible using amniocentesis either due to a late referral, or following the discovery of
mosaicism or a failed culture.

2.1.4 Prenatal s e m screeninn
2.1.4a

Muternul serum alpha-Jetoprotein screening

On occasion, the decision to have prenatal testing is predicated on receiving an increased
risk of having a fetus with Down syndrome bascd on results obtained from the serurn

AFP or triple screen blood test. Alternatively, women who may have already decided to
have prenatal testing may change their minds if they do not receive an increased nsk of
Down syndrome fiom this rninirnally invasive screening test.

The materna1 serum alpha-fetoprotein screening test was originally developed to identify
pregnancies where the fetus was at increased risk of having a neural tube defect such as
spina bifida and anencephaly (Brock & Sutcliffe, 1972). It is particularly valuable since
approximately 90% of such conceptuses occur in pregnancies where the= is no
previously affected child or positive family history (Wald

et al., 1977).

Alpha-

fetoprotein is secreted by the fetal liver and, &cause of transplacental passage, can be
detected in the mother's blood. The level of AFP in maternal serum varies according to
the gestation of the pregnancy, rising above pre-pregnant levels at about 13 weeks

gestation, peaking around 32 weeks and then gradually declining (Brock and Sutcliffe,

1972). Pregnancies where the fetus had a neural tube defect were found to experience an
eievation in the expected levei of AFP. In addition to neural tube defects, higher than
expected concentrations of AFP levels may also be associated with multiple pregnancies
(Wald et al., 1975), placental complications that may lead to intrauterine growth
retardation (Brock et al., 1977; Katz et al., 1990) or recent fetal demise (Cusick et al.,

1 996).

2.1.4b

The association of low MS-AFP d u e s with Down syndrome

In 1984,it was first suggested that there was an association between low values of AFP
and trisomies such as Down syndrome and Trisomy 18 (Merkatz et al., 1984).
Subsequent investigation confirmed this association for Down syndrome (Cuckle et al.,

1984), though the physiological mechanism underlying this phenornenon is unknown.
The nsk of Down syndrome is detcrmined based on maternal age, the gestation of the
pregnancy and the concentration of the AFP iArthe matemal serum. The MOM value that
is considered low will vary according to matemal age (Table Z), consequently the result
is usually reporied as an "age-adjusted" D o m syndrome risk and placed in the context of

the maternal age to which this risk corresponds. For example, a woman who would be 33
years of age on her expected delivery date with an AFP value at 0.4 MOM would have a

Down syndrome risk equivalent to that of a 38-39 year old woman (11180). When the

adjusted risk is equivalent, or greater than, that of a 35 year old woman's, counselling and
an amniocentesis is offered (Chodirker & Evans, 1993).
Table 2.

Age-specific AFP MOM cutoffs at which the risk of Down syndrome is
equivalent to that of a 35 year-old
of Down syndrome e&ivalent to a 35 year
~isk
Age
old
if AFP MOM leu than or equal to:
(Ycars)
-

27-29

2.1.4~

0.40

The Triplr Screen

In the late 1980s it was observed that the levels of two hormones, estriol and human
chorionic gonadotrophin were also altered in pregnancies in which the fetus has Down
syndrome. Reduced levels of the former were found, while levels of the latter were
elevated above that considered normal in pregnancy (Bogart et al., 1987; Wald et al.,
1988). Due to the increased detection rate of fetuses with Down syndrome most North

Arnerican centres offering matemal serum screening now use the "triple screen" for

Down syndrome and the individual's risk is calculated based on the values of al1 thne of
these marken in combination with the matemal age (Paiomaki et al., 1997). In Manitoba

at the time of this study, only AFP testing was available to indicate a potentially elevated

risk of Dom syndrome in the fetus. Triple screening was introduced in May 1999.

2.1.5 Factors influencin~utilization of prenatal diagnosis

The last three decades have seen major changes, not only in the development of prenatnl
diagnosis, but also in the social context of pregnancy.

In Canada, a decline in

unexplained pregnancy losses and stillbicths (Wadhera & Millar, 1996) and infant and
perinatal mortality rates (Nault, 1997) has been accompanied by a concomitant reduction
in farnily size (Ford & Nault, 1996) and an increase in matemal age over the last two
decades (Wadhera & Millar, 1996; Nault, 1997). There has also been an increasing
"medicalization" of pregnancy, with the status of both the mother and the fetus being
continually monitored during the course of gestation (Riessman, 1983; Hubbard, 1995).
Many are reassured by the information that can now be provided about the pregnancy and
the fetus, while othen are concemed by the intrusion of technology into this domain
(Grant, 1993; Tudiver, 1993; Hubbard, 1995). Even for those women who are eligible
for prenatal diagnosis on the basis of their age, the risk of finding Down syndrome in the
fetus is still low. For a woman 35 years of age, with no positive farnily history, the a
priori probability of having a livebom child with Down syndrome is approximately 0.3%
(or 1 in 336, Bray et al., 1998). Though this nsk is still low, it is still approximately four
times higher than that of a woman in her 20s, where the corresponding livebirth
prevalence is approximately 0.07%, or 1 in 1,493 (Bray et al., 1998). This information,
when viewed in conjunction with the status of genetic prenatal diagnosis as a "halfway"
technology+ne

which identifies a problem for which no cure exists (Thomas,

1 9 7 9 m i g h t understandably make couples anxious about prenatal diagnosis.

In theory, health services utilization is a function both of individual and societal
deteminants that efTect health behaviour and outcornes (Figure 1).

Within the

constraints of the organization and resources of the health care system, use of health care
services can be seen as a type of individual behaviour that is influenced by a variety of
factors. These have been modelled by Andersen as predisposing characteristics and
enabling resources which interact to produce "need" for health care services based on
perceived health status (Andersen & Newman, 1973; Andersen, 1995).

Environment
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Figure 1.

Health services use mode1
(after Andersen, 1995).

Predisposing characteristics include biologic risk factors such as age or gender that
directly relate to the likelihood that people will require health services; a social or cultural
component, estimated through education or occupation and ethnicity; and individual

health beliefs such as knowledge of, and attitudes towards, health (Andersen & Newman,
1973).

Enabling resources are those necessary in order for individuals to avail themselves of
healthcare. At the community level, this requires that the services be available and, at the
personaUfarnily level, that the existence of such services be known, and accessible, to
individuals. This is not a simple linear systern as indicated by the feedback loops in
Figure 1 that demonstrate interdependence between the various categories. For example,
societal detenninants affect utilization both at the level of individual characteristics (in
the provision of enabling resources) and at the level of the health care system/external

environment.

This sarne complexity can be seen in the context of genetic prenatal diagnosis. Though
universal

coverage, accessibility,

portability,

comprehensiveness and

public

administration are the cornerstones upon which the Canadian health care system is based
(Canada Health Act, 1985). it has long been recognised, both in Canada and elsewhere,
that the uptake of invasive prenatal genetic diagnosis is skewed toward women of higher
socio-economic status (Cofhan et al., 1993; Grant, 1993). It is not known whether this
is reflective of increased educational anainment leading to heightened concems about
having a baby with an abnormality, or rdther reflects practical obstacles to obtaining
counselling and invasive testing faced by women fiom lower socio-economic groups.
Few studies exist that specifically address this question. In their description of barrien to
reproductive services in nual Oklahoma,Coimian et al. identified four major areas which

contributed to this phenornenon (Table 3): Cost to payees, limited system capacitv,
organization of services and, finally, cultural barrien (Cofhan et al., 1993). Similar
problems have k e n reported both in other States (Nsiah-Jefferson, 1993; Undermann

Boggs et al., 1995) and intemationally (Corchia et al., 1995).
Table 3.

Barriers to accessing genetic reproductive care

1 . Financial

Lack of prenatal clinics"
Lack of clinical genetic professionals
3. Organisation,practices and atmosphere of services
Geography (transport, lack of affordable child care)
Accessing the system
Genetic education of health care professionals
4 . Culiurai,personal and other system barriers
Client's knowledge, personal concerns and support
Cultural barriers between providers and clients
Attitudes towards abortion*
Afler Coffman et al., 1993

@

Y

*

Limited coverage or reimbursernent for prenatal genetic testing
Le. MS-AFP screening or triple testing
Decreases the likelihood of referral for genetic testing
Includes both individual attitudes and those of govenunent1
pol icy makers

Not surprisingly, the literature on barriers to prenatal care in general echoes these
concerns. The Institute of Medicine's Cornmittee to Reduce Low Birthweight found five
major categories of non-fmancial barrien to general prenatal care in the United States
(Institute of Medicine, 1985): (1) a less than optimal number of providers, (2) insufficient
prenatal services in areas with a large at-risk population, (3) experiences, attitudes and

beliefs that prevent women fiom coming for care (4) hadequate or absent transportation

or child care, and (5) insuficient targeting of education or information to encourage
women to corne for care. Since prenatal diagnosis is a sub-specialty within obstetrics,
barriers to prenatal care must interact both directly and indirectly to influence access to
genetic prenatal care. A large body of literahire exists that corroborates the findings of
the Cornmittee to Reduce Low Birthweight (Burks, 1992; Aved et al., 1993; Harvey &

Faber, 1993; Melnikow and Alemagno, 1993; York et al., 1993; Johnson et al., 1994;
LaVeist et al., 1995; Larson et al., 1997; Liu, 1998).

Ford, Nault, Wadhera and Millar have examined trends in pregnancy outcornes, changing
fertility patterns, infant mortality and low birthweight in Canada fiorn the rnid 1970s to
the mid 1990s using data provided by the provincial and temtoriai Vital Statistics
Registries (Ford & Nault, 1996; Wadhera & Millar, 1996; Nault, 1997). Although, over
this period, there had been a slight decline in unexplained pregnancy losses and stillbirths
(Wadhera & Millar, 1996) and infant and perinatal mortality rates (Nault, 1997), the rate
of the decline in infant and perinatal mortality was seen to have slowed in recent years
(Nault. 1997). This was attrîbuted, in part, to an increase in the incidence of babies of
low birthweight, a circumstance felt to have been influenced by the rising proportion of
births to women of advanced matemal age, as well as births to unmarried women (Nault,
1997).

In the Manitoban obstetric population, Mustard and Roos (1994) found the relationship
between prenatal care and birthweight to be complex. Infants born to women in the

poorest income quintile tended to have lower birthweights than those bom to wealthier

women, but the difference was associated with a higher prevalence of complications,
smoking, unmarried status, as well as to inadequate prenatol care (Mustard & Roos,
1994). This study also demonstrated that, in this population, universal health insurance

did not prcvent barriers to access to prenatal care: Poorer women initiated care later in
pregnancy and had consistently and substantially reduced utilization of prenatal care
compared to othrr incomr groupu.

In Canada, we assume there is no direct financial barrier to genetic prenatal diagnosis
since out-of-pocket payment for such services is not required. However, indirect barriers
such as diffculty taking time off work, the availability of child care for exisiing children,

the distance that must be traversed to get to the centre offering testing and the cost of
travel must still be considered. These are dinicult problems to quanti@ and address.
Though genetic centres in Canada can describe the population that they serve (Stranc et
al., 1994), information about those individuals who do not make contact is less easily
available. We are fortunate to have a wealth of relatively recent information about the
culture of genetic prenatal diagnosis as a result of the studies of the Royal Commission

on New Reproductive Technologies. This commission was established in 1989 and
reported to the Federal governrnent in 1993. The findings of the interdisciplinary
research prograrn it mandated, and the nsults of its consultations, represent a body of
knowledge that is exceptionally detailed and comprehensive, spanning 15 volumes. Of
particular interest are papers by Hamerton et al. "Prenatal Diagnosis in Canada-1990:

A

Review of Genetic Centres"; Chodirker and Evans "Matemal S e m AFP Screening

Pmgrams: the Manitoba Experience"; Renaud et al. "Cadian Physicians and Prenatal

Diagnosis: Prudence and Ambivalence" and MacLeod et al. "A Demographic and
Geographic Analysis of the Usen of Prenatal Diagnostic Services in Canada".

Potential obstacles to obtaining prenatal diagnosis that have been researched include
physician knowledge and attitudes, geographic and ethnic variation in utilization and the
knowledge of eligible women about prenatal diagnosis. Physicians play a fundamental
role as "gatekeepers" to prenatal diagnosis. It is assumed that al1 physicians will be
aware of the guidelines as to when to refer women for genetic testing for advanced
matemal age. This assumption of a comrnon body of knowledge about, or attitude
towards, medical technology may be facile. Rather, whether or not a woman is referred
appears to depend on a complex mix of level of knowledge about prenatal diagnosis and
genetic conditions, attitudes towards abortion, and concem regarding potential medicolegal repercussions (Renaud et al., 1993).

In 1990, Renaud et al. conducted a s w e y of Canadian physicians who were likely to see
pregnant patients (Renaud et al., 1993). This included obstetricians, paediatricians,
radiologists and a "representative" sample of general practitioners with an obstetric
component to their practice. Slightly over half of the physicians contacted (52%n=3,072) responded. Province and medical specialty were the only indicators that
significantly infiuenced both attitude toward, and opinion of, genetic prenatal diagnosis.
Physicians who were older, and those who haâ more direct contact with prenatal
diagnosis, tended to favour the use of this technology, as did physicians fiom Quebec.
Approximately half (5 1%) of the respondents felt that prenatal testing should not be

offered to women who would not terminate the pregnancy were an anomaly to be found.
Approximately the sarne proportion agreed with selective termination for certain
anomalies (Trisomy 2 1, Duchenne muscular dystrophy, and Huntington disease).
Generally, an increased tolerance of selective termination was seen with increasing
familiarity of the physician with the condition or anomaly a d o r its perceived severity.
Nationaily, 56% of respondents indicated hat, whrn doubt rxisted, thrir drcision to rrfer
patients for prenatal diagnosis was influenced by the possibility of lawsuits. Again, the
strong influence of province was demonstrated, with this proportion being lowest in
Quebec (40%) and highest in Saskatchewan (65%).

Such findings should not be taken as minimising the importance of other factors, such as
religious affiliation and practice, to decisions made about prenatal diagnosis. In other
studies, both have been seen to be important deteninants of the attitudes of both women

and their physicians towards genetic prenatal diagnosis (Bernhardt et al., 1982; Blustein
& Fleischman, 1995; Seals et al., 1985). This is perhaps not surprising because of the

role religion plays in providing a specific frame of reference with which to view the
world.

The s w e y of Manitoba physicians perforrned by Chodirker and Evans provides
information about the relationship between the physician attitudes towards AFP testing
and their knowledge of the same (Chodirker & Evans, 1993). This work is particularly

germane to the current study as it was performed in 1992, in the middle of the current

study period, and documented the attitudes of Manitoban physicians who provided
primary obstetric care, and may providc insights into the referral patterns seen.

A clear need for M e r education of physicians, particularly general practitioners and

non-Winnipeg doctors was demonstrated: Almost 16% of respondents were unaware that
the threshold Cor prenatai diagnosis Cor advancd matemal aye was 35 years of age.

Furthemore, 6 1% of respondents were unaware that this criterion was determined by the
matemal age at term. A lack of knowledge on the part of health care ptoviden is not
novel having k e n commented upon by numerous other authon (Holtzman. 1992; Smith
et al., 1994) and will certainly act to hinder the speedy adoption of new tests and
technology. The rcported rates of referral (defined as either a referral or an offer of
referral) for prenatal diagnosis were less than optimal, with 4.5% of respondents stating
bat they never refer eligible patients for prenatal diagnosis and a fiirther 16% only
refemng some women (Chodirker & Evans, 1993). Perhaps not surprisingly, physicians
who tended to refer their patients for prenatal diagnosis also tended to approve of AFP
screening. In Manitoba at that time, it appeared that the larger the obstevic component of
the practice the more informecl the medical professional was about both prenatal
diagnosis and AFP screening.

Many factors have k e n shown to influence the attitudes of women or couples towards
prenatal diagnosis. These include weighing of potential risks and benefits of the
procedure (Seals et al., 1985); how the risk figures presented are interpreted (Marteau et

al., 1991; Press & Browner, 1993) and the resolution of potential conflicts between
prenatal testing and religious beliefs (Seals et al., 1985). Finally, women or couples may
feel pressure from their peers (Marteau et al., 1995) or health care providers to undergo
genetic testing (Grant, 1993; Press & Browner, 1993).

A more easily quantifiable barrier to prenatal diagnosis is that of geography. or the

distance that must be travelled in order to obtain counselling and testing. The work by
MacLeod et al. (1993) for the Royal Commission on New Reproductive Technologies,
found high rates of prenatal diagnosis for advanced matemal age (a high utilization rate
was defined as one greater than 60%) for those census divisions that included Winnipeg

and southem Manitoba, with low rates in rural census divisions and northern Manitoba
(MacLeod et al., 1993). However, the majonty of analyses repotted in this study group
the prairie provinces as a single unit and so are of limited value. The study by Hamerton

et al. which describes the sarne population of women (over the same time period),
demonstrates that the three prairie provinces are indeed quite different in their provision
of prenatal diagnostic services (Hamerton et al., 1993).

2.2.1 Linking data in Health Research
Record linkage provides an attractive opportunity to improve the power or depth of
unlinked data sources with minimal fiscal outlay as well as reducing the likelihood of
recall or other biases that may be present in retrospective studies. Although secondary

data sources can provide relatively inexpensive access to large amounts of relatively
accurate and complete data, the methods by which they were collected are not under the
control of the reseucher. This may compromise the utility of the data for research and
the validity of the results obtained. Ptior to embarking on a linkage project, the following
factors must be evaluated: the extent to which the database captures information on the
desired cohon, the accuracy and completeness of the variables, the size of the population
covered and the penod covered (Table 4). Finally, the ease with which access to the data
can be obtained and likely success at producing linked databases should be considered.

Factors af5ecting the value of secondary data in
epidemiological research
Comprehensiveness of registration of individuals/coverage of desired
cohort
a. Comparing the data source with one or more independent reference
sources
b. Comprehensive record review
c. Aggregated methods
The accuracy and completeness of variables
a. Precision
b. Validity
Size of data sources
Registration period/period covered
Data accessibility, availability and cost
Data format
Ease, extent and nliability of record linkage
Table 4.

1.

2.

3.
4.
5.
6.
7.

AAer Sorensen et al., 1996

The concept of linking data h m multiple sources, and the tenn "record linkage," were
first put forward by HaIbert Dunn, in 1946, when he proposed creating a "book of life

(which). .. starts with birth and ends with death" to provide an accurate accounting of

"vital" records for each individual (Dunn, 1946). Little came fiom this early suggestion:

yet, as computer technology developed in the 1960s and databases became increasiagly

electronic in nature, the possibilities provided by linkage became more enticing. The
next major proponent of linkage was a Canadian geneticist, Harold Newcombe, who was
particulariy interested in linking individuals from the same family and developed the
concept of "probability matching" to link records despite discrepant and incomplete data
(Newcombe et al., 1959).

Newcombe advocated using computers as "filing clerks" to compile same-person records
from various source files, or to build family histories of births, marriages, deaths and il1
health (Newcombe et al., 1959). Though this did not require that the computers should
perform complex mathematical operations, it did request a rnuch more unconventional
functionality: that the computer produce valid linkages using infomüition-of which any
one piece might be fallible but that collectively possessed considerable discriminating
power (Newcombe, 1967).

The objective of linkage is to estimate the probability that two records refer to the sarne
individual (Howe, 1998); ultimately, the success of the venture will depend on the ability
of the computer to mimic the actions of a human filing clerk, and the completeness and
accuracy of the data in the files that are to be linked. Two databases or "files" with some

level of commonality, or overlapping information, are required for linkage. The
information for each individual is arranged in individual-specific rows ("records") and
variable-specific columns. The process of linkage requires that records h m each file are
brought together and that pre-specified "linkage variables" (which contain information
common to both files) are compared across records.

Generally, more than one linkage variable is used even when unique identifiers, such as
health care number, are available since erron can occur even in unique identifiers. To
that extent, linkage is inevitably probabilistic (Howe, 1998). Agreement on one or more
linkage variables is necessary for linkage to be considered, but is not adequate to
establish linkage. If a sufficient number of linkage variables in two records, one fiom
each file agree, thai record pair is preliminariiy assigned to a set of "matçhed"or "linkecï'

records. If there is no such agreement, the records are retmed to the original source files
and are available for other potential painngs. This process continues until no further

matches can be determined using the specified criteria.

Although it is simplest to explain record linkage as a linear sequence, it tends to be an
iterative process with multiple passes and refinements necessary to train our "clerk to
file correctly. The outcome of each phase of linkage leads to a re-examination of earlier
results and assurnptions to see if appmpriate matches were made and to develop linkage
keys for the next iteration of linkage that might improve the linkage rate (Roos et al.,
1987).

Generally, when a variable is crucial for a particular purpose or used in a regular basis to
retrieve information, it will have a high degree of reliability and validity (Roos et al.,
1989). The quality of other variables that are less important to the purpose dnving the

data collection (Le. management, billing daims, administration and planning,
surveillance or research) may be p r e r (Roos et al., 1989).

Linkage may reveal inconsistencies and errors between records that would not have been
apparent had the records not k e n linked. There should thetefore be a cycle(s) of
validation and error checking incorporated into the linkage process (Gill et al., 1993;
Shevchenko et al., 1995). As a result, even in highly automated environments, record
linkage requires extensive "hands on" input to determine w hat effect different
combinations of linkage variables wiil have on the iinkage rate, to examine candidate
record pairs, and to dictate the format of the next linkage iteration (Turner et al.
unpublished, 1999).

2.2.2 Types of linkage
The cornparison process can be implemented using either a deterministic (allsr-none) or
probabilistic approach, or a combination of these strategies may be employed
sequentially adjusting the matching strategy to the specific characteristics of the
databases (Roos et al., 1986). Deterministic linkage generates matched record pairs

baseci on explicit instructions as to the nurnber and nature of the agreements between
linkage variables that will permit a candidate record pair to be considered linked (Gill &
Baldwin, 1987; Roos & Wajda, 1991). This approach provides a simple, but subjective,
categorical assessment of the iikelihood that any candidate record pair represents a
match. Deterministic linkage is relatively simple and is used ptimarily when data contain

a variable that uniquely identifies individuals and that data are known to be complete and
to have low levels of coding errors (Roos & Wajda, 1991; Muse et al., 1995).

Probabilistic record linkage uses the information in the data to provide a more precise,

numeric estimate of the likelihood that the records represent a match. Probabilistic
30

linkage is more robust when few linkage variables are available, the data are incomplete
or coding erron are common, or when deterministic linkage results in many ties (Roos &
Wajda, 1991). Each method has advantages; probabilistic linkage is more complex to
implement than deterministic linkage and in linkage accuracy versus simplicity ofien
becomes an important trade-off (Newcombe et al., 1989a; Newcombe et al., 1989b;
Wajda et al., 1991j.

The last phase of record linkage involves determining which of the candidate record pairs
are appropriate matches and which are not. In deterministic linkage, acceptable matches
are separated fiom the set of candidate record pain on the basis of the number of
variables in agreement and as an implicit part of the linkage process (Roos & Wajda,
1991).

In probabilistic linkage, probability calculations are used to determine

"thresholds" beyond which candidate record pairs are accepted as matches. These
thresholds are generally calculated using a linear sum assignment approach to matching,
which is an extension of the estimation of maximum likelihood model, and estimates the
probability that the values for a specific variable will agree given that the record pair is
indeed appropriately matched (Jaro, 1989). This is based on earlier work that was done
by Newcombe, Kennedy, Fellegi and Sunter (Newcombe & Kennedy, 1962; Fellegi &
Sunter, 1969). Although thresholds c m be altered to improve linkage rates, this may
potentially result in the generation of false positive matches in addition to identifjhg
more genuine links (Wajda & Roos, 1987).

The likelihood that a candidate pair represents a true link is represented by a weight or
probability determined by the calculation of a fiequency ratio for each variable of
interest. This quantifies outcornes among linked pairs of records against unlinked records
that have been brought together at random :
frequency of outcome (x, y) umong linked pairs
Frequency Ratio =
jieyurncy oo/uulcomr (x, y) umung unlinked puirs

Where x is the value of the linkage variable for a record from file A, and y is the
value of the iinkage variable for a record from file B (Newcombe, 1967).
The weights estimate the likelihood that two records indeed refer to the sarne individual
(Roos & Wajda, 1991). This approach can be m e r refined using outcome-specific
weights where each outcome is assigned a weight, allowing partial agreements in
variables to be taken into account i.e. discrepancy in the year or month of birth (Roos &
Wajda, 1991). Candidate pairs with weights greater than an arbitrarily set threshold are
considered to be matched, while those below are rejected. A "grey zone" will often exist
where records require verification. This will include tied records, where two or more
records from one file match equally well with a record fiom the other file and duplicates.
Such situations are commonly resolved through manual inspection, unless this approach
is impractical due to the number of records involved.

2.2.3 Types of error encountered in linkage
Obtaining an accurate estimate of the amount of error in any given data set is dimcult.
Roos and Wajda suggest that any dataset with a large nurnben of duplicate records, or

where key variables have a large proportion of missing values, will be difficult to link
(Roos & Wajda, 1991). Both random and systematic errors in the data files must be

considered in the context of the linkage process. Random errors aise as a result of
incorrect data entry or lack of entry of available information, while systematic errors may
occur if the original source of the information does not reflect the hue experience of the
subject.

Numbers are prone to severd common random errors: transcription or substitution errors,
where digits are incorrectly recorded because of mishearing, misreading or miskeying;
transposition erroa, in which correct digits are entered in the wrong order; and shift
errors, which occur as a result of addition or omission of zeros (Baldwin & Gill, 1987).
While random error affects reliability, systematic error (bias) is considered more serious
because it affects validity. Systematic erron may not be as easily anticipated and require
thorough understanding of the data collection system. Tactics for improving linkage
have been documented by Wajda and Roos and are shown in Table 5 (Wajda & Roos,
1987).

Table 5.

Tactics for improving linkage

Tactic

Pro

Con

Check possibilities for
recoding, finding other
usable variables etc.

Payoff can be high as
knowledge of file
increases

Will not be able to generate
improvernents after a certain
point

Alter weights

Reflects knowledge of
file
Can lead to more linked
cases

Improvements may be few

Alter cutting points

Improvements may be few;
have trade off between fdse
negatives and false positives

Generate extra records
when particular problems
are known

Permits l inkage of records May increase false positives
which othenwise may not
be linked

Look at cases which
linked and
did not link

May greatly increase
understanding of the data
set. Easy to do
technically
Another file may
incorporate information
with different biases and
be less
intercorrelated with
available variables

Add one or more new
variables from an
intermediate file

Manual checks

May generate new ideas
as one tries to resolve
dificult pairs. May
provide useful data on
false positives

Access to a new file may
present problems

Expensive on a case by case
basis

Reprintcd with permission h m : Wajda & Roos, 1987.

2.2.4 Methodologic considerations in obstetric linkage

Although the use of linked records to obtain a cohort of mothers and their offspring is not
uncomrnon in the published literature, papers which discuss methodologic issues raised
by this type of linkage are considerably less numerous. Interestingly, one of the seminal
papers on record linkage was, in part, inspired by the need to link family records while
preserving information on the relationships within the family group (Newcombe, 1967).
Despite the paucity of papers dealing with linkage of this type of data, potential problem
areas have been detailed and methods of dealing with them suggested. The former
include handling of multiple births (potential one to many linkages), the periodicity of
pregnancy (linking a pregnancy to the correct outcome), synchronising databases to
e n s w that the appropriate cohorts are generated for matching and problems raised by
pre-term births and miscarriages/abortions.

The potential for "one to many" or "many to one'' pairings in linkage projects involving
mothers and babies must always be considered. Such situations arise when a woman has
more than one pregnancy during the study petiod, or if the pregnancy outcome is a
multiple birth. Although the problem is a disruption of the usual one to one linkage, the
solution will differ depending on the nature of the problem k i n g examined. Matching to
the correct pregnancy requires that the linkage variables used include those with
information specific to a particular pregnancy, such as date of baby's birth or date of last

m e n s t d period (Stanley et al., 1994; Holian, 1996; Olsen et al., 1996). Stanley et al.
suggest fiequency checks on key fields to detect biologically implausible situations Le.
gestations of more than 42 weeks, an approach which may aid in ensuring that records are

linked to the correct pregnancy (Stanley et al., 1994). Dealing with multiple births from a
single pregnancy is more complex: how this situation is addressed will depend on the

nature of the study and whether the matemal or offspring outcome is of interest. If infant
outcomes are the focus of the investigation, it will be necessary to link each infant's
record to the appropriate matemal record (Stanley et al., 1994). If matemal outcomes are
the focus of the study, it niay be sunicient to indicate that tlie pregnancy ended in a

multiple birth to avoid duplicating materna1 records.

Potential biases noted to have influenced the number and type of records linked include
detection bias, occasioned by a differential knowledge or effort that results in disparate
proportions of linked records among different categories of records (Holian, 1996;
Adams et al., 1997a), and information bias. An example of the former is evidenced by
improved linkage rates for records for infants known to have been born with a birth
defect due to more assiduous manual verification (Holian, 1996). Bias of the latter type,
information bias, may be introduced if more data are present for some cases than for
others (Holian, 1996; Adams et al., 1997a). If situations such as these go unrecognised,
conclusions based on the results of the linkage may be biased. Records bat do not link
are often distinctly different fiom ones that do, as they tend to occur in a non-random

fashion Le. differential or incomplete reporting of pre-term births compared to term
deliveries (Stanley et al., 1994;Griffin et al., 1995;Holian, 1996; Adams et al., 1997a;
Adams et al., 1997b). One suggestion for dealing with this is to exclude groups of

records that tend to have insuficient or unreliable identifjing information, i.e. pre-term
pregnancies, fiom the study (Adams et al., 1997a).

Many authon emphasise the need for multiple rounds of linkage, often using differing
linkage keys, to improve the proportion of records linked (Haas et al.. 1994; Stanley et

al., 1994; Adams et al., 1997a). Similarly, manual inspection of the data to ensure
appropriate and extensive linkage was also stressed (Haas et al., 1994; Stanley et al.,
1994; Olsen et al., 1996; Adams et al., 1997a). The majority of the papers cited used a

detenninistic linkage strategy combined with manuai inspection to veri fy links and
generate new linked pairs fiom records that had not been linked during the linkage
process (Haas et al., 1994; Stanley et al., 1994; Holian, 1996; Olsen et al., 1996).
Deterministic 1inkage appears to have been chosen for obstetric linkages primarily
because of the limited number of identifiers present on the datasets and the availability of
individuals to manually check the results of linkage.

CHAPTER 3. METHODS
3.1

RESEARCHFRAMEWORK
AND OBJECTIVES

The specific objectives of this study were to:
Determine the feasibility of linking records from the patient database from the
Section of Genetics and Metabolism and the Manitoba Matemal Semm AFP
Programme to routinely collected administrative health care data.
Compare AMA Manitoba women referred for prenatal diagnosis to AMA women
who were not referred with respect to matemal socio-demographic and obstetric
factors.
Compare AMA Manitoba women having prenatal diagnosis to AMA women who
were referred but decided against testing with respect to materna1 socio-demographic
and obstetric factors.

Make recommendations regarding the delivery of prenatal genetic services in
Manitoba.

The conceptual framework used to generate the hypotheses (Figure 2) was premised on
the health services use model suggested by Andersen (see Figure 1) and hypothesized
that both individual and obstetric characteristics would have a direct effect on the
outcomes of interest: r e f e d for genetic counselling and uptake of invasive prenatal

diagnosis. This model is undeniably simplistic and does not include many other
important influences.

Figure 2.

Research Framework

Referral for prenatal
genetic counselling

Pregnancy where the mother
Wauld have been 35 yearr off
age or older at tem

Predisposing characteristics:

Individual characteristics:
Age
Incorne
Urbanlrural residence
First Nationhon First
Nation
Obstetric characteristics:
Gestation at fint prenatal
visit
High risk obstetric patient
Early complications of
Pw"'ancY

AFP screening
Elevated Down syndrome
risk
Physician specialty

The mode1 and the variables chosen to operationalize this h e w o r k were selected on
the basis of previous work in this area and the availability of the data within the research
databases. For example, characteristics such as materna1 age, region of residence, AFP
screening and gestation at fint prenatal visit would be expected to influence the
likelihood of referral for prenatal genetic counselling and were present and accessible in
one or more of the study databases. We were unable to include undeniably important
factors such as a woman's, or her provider's, opinion of prenatal diagnosis, since such
information was not available to us.

3.1.1 Research Objectives

Part 1: Cornparison of AM4 Manitoba women referred for genetic prenatal diagnosis to
A M women who were not referred with regard to

Matemal age
Income
First Nationslnon-First Nations status
Urban/niral residence

Early obstetric complications

High risk obstetric patient status
AFP screening
Gestation at which prenatal care was initiated
Medical speciality of prenatal caregiver pnor to 16 weeks gestation

Part II:

Cornparison of AMA Manitoba women having genetic prenatal diagnosis to
AMA women who were referred but did not choose testing with regard to

Matemal age
Income
First NationInon-First-Nation status
Urban/rural residence

Early obstetnc complications
High risk obstetric patient status

AFP screening
Gestation at which prenatal care was initiated
Medical speciality of prenatal caregiver prior to 16 weeks gestation

1 . To be included in the study, u gestation of ut least5 weeks must have been reached
This will set a minimum gestation prior to which a woman would not be expected to
have been referred for counselling.

2. Women were not referredfor counselling prior to 5 weeks ofgestation.
Since most pregnancies are not diagnosed as such before 5 weeks of gestation, this
would seem to be reasonable.
3. A normal gestation is 40 weeks, with an upper limit of 42 weeh.
The range is 38-42 weeks. Since a gestation of 42 weeks is still considered normal,
this figure was used in the interval calculation to ensure that cases were not missed.
4 . There may be more than one pregnancy per woman in the study period.

5 . Nor al1 rejêrrats necessariiy had invasive testing or genetic counselling
(see Glossary for definition of referral)

Individuals shoirld have been refirred for prenatal testing by 20 w e e b gestation.
Routine amniocentesis is performed between 15-1 8 weeks gestation. By 20 weeks,
the referral would not be considered routine since the ability to obtain a result and
offer a temination if necessary would be compromised.
MS-A FP is usually performed in the 16th week ofgestation

A 16-week draw date represents the modal value. Biood sampies are acçepbd [or
testing between 15 and 24 weeks. Later samples are interpreted and entered in the

AFP database, but officially no standard measurements exist for these gestations.
According to Chodirker and Evans (1 993), in calendar 1990-1991, 87.3% of samples
were received by the 20' week of gestation and 93.4% by 24 weeks gestation.
CVS is performed between 1 1-13 weeks of gestation

Routine amniocenteses cire usually performed between 15-18 weeh gestation.
Amniocentesis may be performed up to 20 weeks. However, a cordocentesis would
genetally be done after 20 weeks gestation since chromosome results would be

obtained more quickly.
10. Cordocenteses are usually performed between 20-24 weeb.

Cordocenteses may be performed up to term for infants with anomalies for purposes
of pregnancy management. However, the option of termination at later stages of
gestation may not be available.

1 1. The outcome ofpregnancy is not necessurily a singleton live birth.
Potentid outcornes of pregnancy also include multiple births, miscarriages,
terminations (both genetic and social) and stillbirths.

3.3

DATA
CONSTRAINTS AND EXCLUSIONS

1. Refends for genetic prenatal diagnosis counselling where the woman did not go on

to have prenatal diagnosis were not coded prior to January lSt,1990.

2. The AFP database was not computerised before January 1", 1990
Figure 3.
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Exclusions:
Pregnancies meeting one or more of the following criteria were excluded fiom the study:
The mother was not of advanced matemal age. However, if she was in a subsequent
pregnancy, that pregnancy would have k e n included.
The mother was not a resident of Manitoba.

The pregnancy did not fa11 within the specified tirneframe.
Pregnancies that ended in a socid temination.

3.4.1 MCHPE Data Repository
The Manitoba Health Research Data Repository at the Manitoba Centre for Health Policy
and Evaluation (MCHPE)contains anonymized (see Glossary) encounter-based records

of individual Manitobans' interactions with the provincial health care system. This
information is derived from the Manitoba Health Insurance Registry and health insurance
claims routinely filed with Manitoba Health by physicians and health care facilities.
Since the 1970s, Manitoba Health has provided the MCHPE with anonymized copies of
the hospital abstract database, which contains hospital admission/discharge abstracts (also
known as hospital claims); physician requests for reimbursement of medical care
("medical claims"), a physician master file and the Manitoba Health Master Registration
database (Roos et al., 1993). The use of a consistent set of identifien (with identification

numbers for both patients and physicians scrambled to ensure confidentiality) enables
medical "histones" to be compiled for individuals across databases. For instance, records
for an individual who was discharged from hospital can be linked to the medical claims

database to determine if they subsequently saw a physician for whatever reason. Not
captured are the few services that are fùnded through a global budget and those
individuals whose health care is fùnded under sepamte federal programs i.e. members of
the military or the Royal Canadian Mounted Police and prisoners in Federal
penitentiaries, however, this is considered to be an insignificant proportion of the
population (Roos et al., 1986).

a)

Hospital Abstracts database

This database covers al1 inpatient and day surgery admissions and is based on
information from the hospitai discharge summary. Capnwd information includes the
encrypted MHSIP number, dates of hospital admission and separation, up to 16 ICD-CM
diagnosis codes and 12 ICD-BCM procedure codes and encrypted identification numbers
for attending physicians (Roos et al., 1979). Matemal hospital discharge abstracts
provide information on age, postal code, treaty Indian status, gravidity, parity, ICD3-CM
diagnosis codes for morbidity associated with pregnancy (when appropriate), labour and
delivery, and ICD-9-CM procedure codes describing the delivery and other perinatal
obstetric interventions.

Additionally, newbom hospital discharge abstracts provide

information about the newbom i.e. date of birth, birthweight, ICD-9-CM codes
describing the delivery and any problems noted at birth and a cross reference to the
mother's hospital chart number.
b)

Medical Clainis database

Al1 physician daims for the reimbursement of medical care in Manitoba are submitted to
the MHSIP. This database encompasses services rendered in oftices and hospitals as well

as those performed in hospitals on an outpatient basis. Billing for prenatal care is
generally performed as a fixed-fee global tariff covering al1 routine care provided in the
prenatal and postpartum periods although specific, non-routine, services may be provided
on a fee for service basis submitting a claim for each encounter. Captured information
includes the date the service was rendered, the physician's encrypted identification

nurnber, patient information such as encrypted personal identifier, postal code and
diagnosis and the tariff code (Roos et al., 1979).
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c)

The Birth Evenh database

The birth events database, which is maintained by the MCHPE,contains records that link
the hospital abstracts of newboms (both births and stillbirths) to those of their mother.
There is a single record per child (thus a mother giving birth to twins will have two
records); records contain information on date of admission for the mother and the date of
birth for the child, the encrypted PHMs of both mother and newbom, MHSlP registration
number, other personal identifien and information pertinent to the birth.
d)

Public use censusfdes

In the absence of individual-level measures of socio-economic status, income data fiom
the 1991 Canadian census, aggregated to the geographic unit of enurneration area, was
used to rank neighbourhoods into population quintiles by average household income.
The full six-digit postal code was used to link women to their enumeration area of
residence. This approach has been used previously in research using administrative data
(Kneger, 1992; Anderson et al., 1993; Wilkins, 1993).

3.4.2 The Section of Genetics and Metabolism
The Section of Genetics and Metabolisrn at the Health Sciences Centre serves the
province of Manitoba, the Keewatin district of the North West Temtories, and the
western half of Northwestern Ontario: a population of approximately 1.3 million. In
1997, this catchment area drew approximately 3,000 patients, of which 40% were

prenatal referrals (Personal communication, Chery1 MacLean). Weekly prenatal genetics
clinics are held, though, due to tirne constraints, patients may also be seen at other times.

Patients who decide to have invasive prenatal genetic testing most cornmonly have
amniocentesis. However, during the study period, cordocentesis and CVS were also
available. From 1985 to 1990, CVS was oniy available in Manitoba on a restricted basis,

as part of the Canadian amniocentesis-CVS triai. Barring exceptional circumstances,
such as the need for specialised diagnostic techniques or if the laboratory's capacity is
exceeded, sampks are malysd xlt the çytoyanetic laboratury associated witli the Section.
Genetics henatal database

The patient database of the Section of Genetics and Metabolism has been active since
1990 (Personal communication, B. Chodirker). It is a relational database and data fiom

more than one of the subsidiary databases can be viewed and updated simultaneously
using a series of "views" that have been designed to facilitate the booking and tracking
functions that this systern provides. Minimally, each record will contain the following
information about each client: Name, address, registration number, Genetic Clinic chart
number (Kindred number), Health Sciences Centre hospital chart number, date of birth,
diagnosis and refemng physician. For prenatal patients, information is potentially
available on LMP (last menstrual period), referral indication, type of invasive test (if
perfonned), gestation at time of testing, karyotype and the results of biochemical or
metabolic testing. Additionally, the AFP file number is ofien included for prenatal
patients, the majority of whom have matemal serum-AFP serum screening. First names,
surnarnes and adcûesses of both women and their doctors were excluded to ensure
confidentiality.

3.4.3 The Manitoba Matemal Senun Alpha-Fetoprotein Screening Programme
Introduced in 1985, the Maternal S e m AFP Programme annually screens approximately
65% (-10,000) of Manitoba pregnancies (See Table 6 for Manitoba livebirths). In May

1999, when triple testing was introduced, it becarne the Manitoba S e m Screening
Program.
Table 6.

Livebirths by matemal age in Manitoba

1 Year 1 Materna1 age less 1 Matemal age 35 years or 1 Matemal age 1 Total
1

1990
1991
1992
1993
1994
1995

not stated
older (% of total births)
than 35 years
15,985
6
1,361 (7.8%)
15,907
2
1,373 (7.9%)
O
15,116
1,474 (8.9%)
1
15,233
1,475 (8.8%)
14,942
3
1,535 (9.3%)
3
14,461
1,649 (10.2%)
Source: Statistics Canada Catalogue No. 84-2 10-XPB,Table 2.3
'

17,352
17,282
16,590
16,709
16,480
16,) 13

1

I

Since November 1994, the College of Physicians and Surgeons of Manitoba has
recornmended that AFP screening be offered to al1 pregnant women (College of
Physicians and Surgeons of Manitoba Guideline No. 610, 1994). Matemal S e m
Screening is a provinciaily fimded, interdisciplinary prograrn run jointly by The Section
of Genetics and Metabolism, Department of Paediatrics & Child Health; the Fetal
Assessrnent Unit, Department of Obstetrics, Gynaecology & Reproductive Sciences; the
Depariment of Biochemistry and Medical Genetics and the Cadham Provincial
Laboratory.

The Manitoba Matemal Serum Programme is the largest centraliscd

provincial senun screening database: labonitory facilities, counselling and follow-up are
al1 coordinated as a single unit. Approximately 84,000 pregnancies were screened

between 1990- 1997 (Personal communication, B. Chodirker).

In Manitoba, it is recommended that AFP screening be perforrned between 15 and 18
weeks gestation. Individual AFP results arc reported as multiples of the median (MOM)
value, determined From a standard reference population, for the appropriate half-week of
gestation i.e. a value twice the median is reported as 2 MOM. These reference values
were determined in-house (Persona1 communication, B. Chodirker). Under the Manitoba
AFP protocol, ail pregnancies with abnonnal screening results are offered follow-up,
usually with counselling and an ultrasound, fetal assessrnent or invasive testing otrered as
appropriate (See Figure 4). Although initially designed to provide information regarding
risk of neural tube defects, the AFP report also indicates if the woman will be 35 years of

age or over at term and, since 1986, includes an adjusted Down syndrome nsk. This
information is available for al1 pregnant women, irrespective of their age.

Manitoba Maternal Seruni AFP Screening database
The Manitoba Matemal Serum Screening database was created in January 1990 and
captures data on each woman screened using the AFP blood test. A separate AFP file
number is assigned to each pregnancy, but there may be more than one AFP sarnple
submitted in a pregnancy. Items captured include patient name (only first and last initial
were available on the subset of information used for this project), address (not included in
the current study to maintain ~o~dentiality),
MHSIP registration nurnber, date of birth,

LMP and AFP level. Also recorded are the gestation at which the blood was drawn, the
physician of record, the report message that was generated (See Figure S), whether
ultrasound or prenatal testing have been perfomed, early complications of pregnancy if
experienced and diabetic stanis.

Figure 4.

Flow chart for Matemal Senun AFP Screening

DATA ENTRY
Cornputor crkuhtea
mrtmal aga, geddiori,
Own ryndrome rbk, and
MOM (wiîh COR^ for
wigM and dkktm)

1

dnwn

Reprinted with permission h m Chodirker & Evans, 1993.4 544

Figure 5 .

Potential AFP report messages

THE AFP IS B O R D E U N E LOW. As the dates are confirmed and the risk of Down syndrome is
below the cut-offat which amniocentesis is offered, no fiirther follow-up is recommended.
THE AFP IS LOW. We recommend a fetal assessment. Please cal1

*-•

*" to arrange.

THE AFP IS BORDERLME LOW. Please confirm dates with an ultrasound (at >14 weeks'
gestation) and send us a report. If the dates are accurate no further follow-up is necessary.
THE AFP IS LOW. We recommend a fetal assessment be done. If the gestation is accurate an
amniocentesis will be offered at that time.
THE AFP IS NORMAL. If the gestation is considered accurate, no further screening is necessary.
THE AFP IS LESS THAN THE MEDIAN. The risks for Down syndrome are therefore increased.
If an amniocentesis is desired, cal1 "*-**** to anange.
THE AFP IS ELEVATED. We recommend a detailed fetal assessment as soon as possible. Call
*a*,****
to arrange,

(Blank, appropriate message to be hand-written)
THIS SAMPLE WAS DRAWN TOO EARLY. Please send another sample between 16 and 18
weeks' gestation or if this is not possible send sample at next visit.
THIS SAMPLE WAS DRAWN TOO EARLY. Please send another sample between t 6 and 18
weeks' gestation. On the basis of the patient's age on the due date, an amniocentesis could be
offered. Please cal1 ***-**** to arrange if the patient wishes.
THIS SAMPLE WAS DRAWN TOO LATE (Le., > 24 weeks) and therefore cannot be reliably
interpreted. lf you have concems regarding fetal growth or anomalies, you may wish to arrange a
detailed ultrasound or a fetal assessment.
Considering the diabetic correction, THE SAMPLE WAS DRAWN TOO EARLY. Please repeat
between 18 and 20 weeks' gestation.
Considering the diabetic correction, THE SAMPLE WAS DRAWN TOO EARLY. Please repeat
between 18 and 20 weeks' gestation. On the basis of the patient's age on the due date, an
amniocentesis could be offered. If desired, please cal1 *"-**** to arrange.
(There is no message 14)

THE MATERNAL SERUM AFP IS LESS THAN THE MEDIAN. The risk for Down syndrome
is therefore increased over the agc-related risk. However, given the gestation, no accwate Down
syndrome risk can be quoted. If genetic counselling and amniocentesis are desired, cal1 ***-'*".
THE AFP IS CONStDERED ELEVATED even though this is a multiple gestation pregnancy. A
fetal assessment is rccommendtd. Please cal1 * * O - * O * * to arrange.

THE AFP IS NORMAL. However, as the patient will be over age 35 by the due date an
amniocentesis may be offcred. Plcase cal1 ***-**" to arrange if the patient wishes.

3.5 COHORTDEVELOPMENT
3.5.1 Administrative databases
Hospital abstract corkorî

3.5.1a

To create a subset of the hospital abstracts database, records for fiscal years l989/9Oto
1995196 that represented an endpoint to pregnancy were extracted and the event

summarised as one record per pregnancy. Pregnancy endpoint was defined either as birth
(including multiple births), stillbirth. miscarriage or termination of pregnancy (social or
genetic). See Appendix 1 for ICD-9-CMcodes used. Only those records where the
mother would have been 35 years of age or older at term were kept (See Appendix 2 for
details).

Potentially, pregnancies may be missed using this approach; those where birth or
temination records are absent from hospital files. This circumstance could be due to:
a)

an early miscarriage (without concurrent hospitalisation)

b)

the daim for birth/loss/miscaniage/terminationnot king made until after March

3 1,1996 (the end of the study period)
C)

the mother leaving the country or registering for health care in another province

before the birth of the child. However, if the mother moved within Canada she
would continue to be covered by Manitoba health care insurance for a period of 3

months after leaving or until Manitoba Health was notified that she had registered
for health care in another province.

In total, 12,259 AMA pregnancies were detemined (Figure 6). Missing gestational ages
were updated, where possible, from the AFP and Birth Events databases and duplicate
records removed (For details see Appendix 2). 8,364 (68.2%) of the pregnancies ended
in births (1 20 or 1.4% of births did not have a gestational age), 81 (0.7%) in stillbirths (1
case or 1.2% of these did not have a gestational age), 1,739 (14.2%) in teminations and
2,075 (16.9%) in miscarriages. A subset of the birth events database was created using

the sarne criteria for age and LMP that generated the hospital abstracts, retaining only one
record per pregnancy (n=8,382 pregnancies). This was used to verify the hospital
abstract cohort.

Identifying teminations of pregnancy performed for fetal anomalies
The 12,116 AMA pregnancies included 24 pregnancy terminations performed for fetal
anomalies or an abnormal karyotype. Since the [CD-QCM does not have a specific code
for this circurnstance, these cases were identified by reviewing abnormal outcornes in the

genetic laboratory data. Only 15 of the 24 (63%) terminations for fetal anomalies were
identified as terminations in the hospital records. Eight were classified as stillbirths and
one as a rniscarriage (Figure 6).

3 .S. 1b

Ident~flcationof pngnunt womenfima Physician claims

Although most pregnant women will have some contact with a hospital during pregnancy
(usually for a delivery or, in the case of a miscarriage, for a

Dac),some will not.

This

situation could arise, for example, when a pregnancy is spontaneously lost early in
gestation, or if the woman moved out of province early in her pregnancy and no delivery
record was returned to Manitoba Health. Acknowledging this, physician claims for 199095 were searched for women a p d 34 years or older who visited a physician and where

the associated diagnosis or tariff code was likely to have been associated with pregnancy
(see Appendix 3). A 34 year cut-off was used since, without a way to estimate LMP,it
would have been very difficult to determine which of the 34 year old women would have
been 35 at term. This generated 3 1 1,682 records (note: this figure does not represent
either the number of pregnant women or pregnancies, merely records with codes
potentiaily related to pregnancy).

33 3.5.2

Creation of the Genetic Prenatal database

Appointment and laboratory data representing Manitoba prenatal referrals fiom January

1, 1990 (when data entry for this database started) to the end of calendar 1995 were
obtained from the Section of Genetics and Metabolism. Since it was felt that data entry
might have been incomplete during the start-up period, entries in the appointment
database were checked against hard copy appointment books. Missing records were
added to the database and flagged (n=296, of which only 52 matched our criteria). The
search strategy employed is detailed in Appendix 4.

Generally, most prenatal referrals were represented in the database; even those for
women who did not go on to have invasive testing. However, data quality for early
records was poor. Since this was the case, key fields (see Appendix 4) were checked
against the hard copy appointment books and updated when appropriate and possible.
These fields included MHSIP registration number, Kindred number, date of birth, narne,

LMP, EDC, reason for referral, counsel date, and refemng doctor'.

Also represented in the genetic database were AMA women who had had an abnormal
result fkom matemal s e m screening and who had gone on to have invasive testing. This
represented a distinct subgroup since they had not necessarily requested routine referral
for genetic counselling, rather they had corne to be counselled because of their screen
result. Due to the interdisciplinary nature of the serum screening program and the
dif'ficulty in distinguishing the primary indication for genetic testing such women were
included in both referral and testing data, while recognising that this would result in a
slight overestimation of the number of routine AMA women referred for counselling to
the Section of Genetics & Metabolism, An estimate of the number of AMA women
having invasive testing due to an abnormal AFP screening result is given in Table 7.

' For approximately the first three years of data, referring doctor was inaccurately coded in the

appointment database. This is felt to have represented a discrete event which occumd during
the data transfer pmcess when the Section of Genetics and Metabolism moved to a different
application for their patient database and does not appear to be an ongoing problem. The
physician appem to k concctly listed in the labontory dataôase, but this information would
only k wailable for t h o r women who went on to have invasive testing.

Table 7. AMA women having invasive testing due to an abnomal serum screen
Year of screening 1 Number of women having testing
14
1990
17
1991
26
1992

I

1

(Data ftom the Manitoba Matemal Senim AFP Programme)

1

For any woman, the genetic database potentially contained multiple records. These might
represent more than one pregnancy or multiple records for a particular pregnancy.
Records were condensed to one per pregnancy with only AMA records that fell within
the study time frame kept (see Appendix 4). MHSIP registration nurnbers were checked

against the registry and updated where necessary. MHSIP registration numbet was
incorrect in 162 cases (3.999, the majority of which were due to missing or transposed
digits.

Encrypted PHINs were added to the database by linking to the registry. Tied records (4)
were examined: in each case, the records were identical except for the spelling of the first
narne. There were no unlinked records. Those records that matched on fewer than 3 of
the 5 linkage keys (n=4), and those that only matched on 3 keys, not including birth year
(n=14), were inspected but the links generated appeared to have been genuine. The raw
genetics appointment dataset had contained 1 1,219 records. This dropped to 4,155 when
one record per pregnancy was required.

Merghg laborutoty data to appoiniment data
Merging the Genetics laboratory data to the appointment dataset proved challenging since
it required a "many to many" merge: More than one record was potentially present for
any individuai in either dataset. Multiple records could represent successive pregnancies
or multiple records for a particular pregnancy (where more than one test was perfonned).
Individual pregnancies were defined and the records grouped by pregnancy. However,
only one record per pregnancy could be kept, so retaining the appropriate record was
crucial to link to the correct pregnancy in the appointment database. Only records
pertaining to amniocentesis, CVS or cordocentesis were retained from the laboratory
database (n=5,208). Since the laboratory database had multiple, occasionally discrepant,
test-related fields Le. sample type and test type, a new test variable was created for the
data analysis (see Appendix 4).

Detemining which of the prenatal laboratory records belonged to AMA women proved
awkward: it was not possible to extract AMA records using the "indication" or "reason
for testing" fields either separately or in combination due to missing data. Both fields
were missing in approximately 50% of cases. Similarly, data on LMP was necessary

both to ascertain the number of pregnancies represented in the laboratory dataset and
whether or not these belonged to AMA women. LMP data was missing in 66.1%

(n=3,4416,208) of laboratory records. It was updated so that only 10.7% (n=555/5,208)
of records lacked this information using a combination of AFP file number, gestation and
date ssmple received and manual checking of the original records (see Appendix 4 for

details). Only that record which represented the first invasive genetic test in a pregnancy
was retained.

Laboratory records were merged against the Genetics AMA appointment dataset using
Kindred number. Those records that matched on Kindred number were kept with the
exception of 95 that were remuvcd because tliey representrd prcgnançirs wherr the

mother was not yet of advanced materna1 age, although she would be in a subsequent
pregnancy. This reduced the number of records to 2,630 AMA testslpregnancies. Across
the study period, the maximum nurnber of referrals for an AMA pregnancy was four

(n=l), with the majority (91.9%) of women referred for only one pregnancy (n= 2,4 17).
Ninety seven percent (n=2,56212,630) of the records fiom the laboratory database were
linked to an appointment. From these data, it would appear that only 62.0% of the AMA
women referred to the Section of Genetics & Metabolism for prenatal counselling went
on to have an invasive genetic prenatal test (2,56214,155).

However, it must be

remembered that this minimally includes 225 women known to have miscanied post
referral, 18 who had social teminations and 10 who had twins or triplets.

Summary table for the genetic
prenatal cohort
Table 8.
Genetics appointment database
Initial number of records
Numbcr of AMA pregnancies afier ageLMP exclusions
Genetics laboratory database
Initial number of records
Final number of AMA pregnancies afler age/LMP exclusions
Complete AMA records
Records with both appointment and laboratory âata
Records with no laboratory data (Le. did not have invasive testing)
Unlinked laboratorv records

11,219
4,155
14,757
2,630

2,562
1,593
68

,
,

3.5.3 Creation of the Materna1 S e m AFP Screening cohort

Al1 records for AFP samples received fiom 1990 to 1995 were downloaded (n=63,684)
and the data exarnined. Not al1 AFP file numbers were consecutive; however, this did not
represent missing data, rather it reflected the manual assignation of AFP file numbers as
opposed to an automatic generation of AFP file nurnber when new data was entered. A
subset of this database was generated, containing only those records with Manitoba noted

as the province of residence in their address, an LMP falling within the appropriate Iimits
and AMA women (n=6,277). Matemal age at term was calculated using date of birth and

LMP. Records that did not have a 6 digit nwneric MHSIP registration number were not
included (n=2,599). Such records appeared to be for out of province women or for chose
with private health insurance or in military service.

Records were condensed to one record per woman, per pregnancy. Although each
pregnancy had a unique AFP file number, more than one record could exist for a given

AFP file number since multiple samples could be submitted in a single pregnancy. This
might have occurred when the patient changed doctors, with both sending in an AFP
sarnple, or where there was a problem interpreting the initial sample and a repeat blood
sample was requested, or the AFP was abnormd and the pregnancy was foilowed.
Records were sorted by AFP file nurnber and wnple nurnber and the database was
reduced to one record per file number selecting the first interpretable sarnple drawn after

15 weeks. If al1 samples received a message 8 "ovemde," i.e. the program was unable to
provide an interpretation for the sample and a hand-written response was required (see

Figure 5.

Potential AFP report messages), then the first sample was retained. In 12

cases, the samc pregnancy was recorded under two difierent file numbers. These records
were matched by comparing LMP on requisition, initiais, and MHSIP registration
nurnber. The more complete record was retained.

Determining if a woman was of advanced matemal age was relatively straightforward
since date of birth md LMP are mandatory fields on the AFP requisition. if thesr data
were not initially present when the sample was sent in, the office of the physician who
requested the test would have been contacted to determine these values. Furthemore,
since the correct interpretation of the AFP blood test is dependent on having an accurate
gestational age, the iast menstrual penod is usually correctly reported. For those womcn
who had unsure dates, and where a clinical assessrnent was unreliable, a dating
ultrasound was usually recomrnended and the updated information entered. Ten records
did not have a recorded date of birth for the mother. Birth dates for nine of thesç were
obtained fiom the registry database, using MHSIP registration number and first initial.

For purposes of analysis, categorising the AFP result was based on the MOM or the

Down syndrome risk values rather than the messages generated by the interpretative
program. This was due to the large nwnber of reports that required a hand-written
message rather than king automatically interpreted (see "message 8" column in Table 29
and Figure

9,

and so the interpretation of

the screen was unavailable to us.

Consequently, the AFP level was considered "high" if the MOM was r 2.3 and low if the

MOM

was 5 0.4 (see Figure 4). Greater than age-related risk of D o m syndrome was

determined using the age-specific risk figures published by Hershey et al. (1986). After
May 3 1, 1991, the risk-figures produced by Cuckle et al. were used (1 987).

3.6.1. Linking the Birth Events database to hospital discharge abstracts
The purpose of this linkage was to veri& the qudity of the administrative data retrieved
fiom the hospital files.

Although both databases were generated using the same

parameters, the hospital abstract database included 3,698 pregnancies that had ended in a
termination or a miscarriage and, as such, would not have had a match in the Birth Events
database. 8,377 records were linked using REGNO and date of admission for pregnancy
endpoint. This represented 99.9% (8,37718,382) of records in the Birth Events dataset
and 99.4% (8,37718,426) of records fiorn the hospital abstracts database. Five records
remained unlinked from Birth Events dataset and 50 from the hospital abstracts dataset.
The five unlinked records from the Birth Events dataset were investigated further; four
were found not to have belonged to women of advanced materna1 age.
3.6.2 Linking the AFP database to the hospital abstract database
Since AMA women having AFP testing are a subset of al1 pregnant women and AFP
testing is done at a stage in pregnancy where pregnancy loss is less cornmon, it was felt
that most of the AFP records should link to the hospital abstracts data. The AFP dotabase
was linked to the hospital abstracts based on agreement on 5 out of 8 linkage keys:

MHSIP registration number, birth year, birth month, first initial, month of LMP, year of
LMP,month of EDC and year of EDC). Linkage was not forced on any one variable;
however, al1 records in the linkage ultimately had to link to a correct registration number.
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This was not necessarily the identical registration number to that on the hospital abstnict
record. Previous registration numbers assigned to an individual were checked and if the
registration number used on the AFP requisition was an old number, but both numbers
corresponded to the same individual, the link was kept.
Additionally, for a record to be considered linked, at least one of EDC year or LMP year
was required to match between the AFP and administrative record (to ensure linkage to

the correct pregnancy) and, similarly. the date of admission for birth/stillbirth/tennination
had to be after the date of AFP testing. Non-links and poor-quality links (those that
disagreed on MHSIP registration nurnber) were reviewed manually.
In total, 6,176 AFP records were initially linked to the administrative data (Figure 7).
One hundred and forty five of these links were discarded: 137 linked records disagreed
on MHSIP registration number and when the encrypted PHIN associated with the MHSIP
registration number from the AFP database was checked against the hospital abstracts, a
matching individual could not be found. A further eight records, which agreed on

MHSIP registration number were timed inappropriately Le. did not match to the correct
pregnancy. AAer these exclusions, 6,031 of the linked pain were kept. The 246
unlinked records were checked manually: 90 more links were made, 19 unlinked records
were found to belong to women who were too young (due to birth date erron in the AFP
database), 95 records could be linked to a woman, but not a pregnancy, 42 records could
not be Linked to any individual covered under Manitoba Health. The 19 non-AMA
records were removed fiom the analysis. Ultimately, 6,12 1 of the 6,277 AFP records

(97.5%) were linked to the hospitd abstract file.

Link on 5 of 8 criteria (no link forced on Regno)

(n=101)
NOT LINKED

(n=6,176)

\
Can hospital record be found for this pregnancy?

/\

(n=8)
NOT LINKED

(n=6,03 1 )
LiNKED RECORDS

UNLINKED RECORDS
(n=246)
AFP manual link

Linked total
(n=6,12 1)

Checked for

Does that person exist in the registry?

I

Update

Unlinkablc

Does a pregnancy exist in hospital abstracts?

+
non-AMA
AFP 'blimho"(also unlinkable)
(n= 19)
No registry or hospital record can be found
Excluded fiom cohort (n=95)

Figure 7.

Schematic for Iidcage of AFP and administrative data

3.6.3 Linking the Genetics data to hospital abstracts

92.7% (n=3,850) of the records from the genetics appointment database (n=4,155) linked
to the abstracted hospital abstracts database. Linkage keys used were encrypted PHIN,
year of LMP, month of LMP,year of EDC and month of EDC. There were 23 tied
records (0.6%) and 305 records from the Genetics database (7.3%) that did not link to the
hospital abstracts file. These were searched for in the physician claims database, since
they might potentially represeni early pregnancy losses that did not generate a hospital

record.

3.6.4 Unlinked Genetics/Physician Claims linkage
Linkage of the genetics prenatal database to the hospital discharge abstracts showed that
327 of the women referred to Genetics for counselling did not have a match in the latter

database. An inspection of the result field in the genetics prenatal dataset showed that in
49 out of 157 (3 1% of the 157) cases where this field was not blank the woman had

miscarried. We attempted, using encrypted PHIN, to find records in the physician daim
dataset that comsponded to the unlinked individuals from the genetic prenatal dataset.
Records were found for 142 (43.4%) of these women and an examination of the tariff
codes revealed that 66% (n=93) had had a pregnancy test (tariff code: 9521) within 9
months of their calculated LMP. Diagnosis codes for the sarne period indicated that 30

(2 1%) of these had a diagnosis of normal pregnancy (V22), and 27 (1 9%) had a diagnosis
indicating a disorder of menstruation (626). A M e r 12 (8%) individuals had a
diagnosis consistent with pregnancy loss. For the 185 women who did not link, we know
fiom the result field in the Genetics prenaial dataset that at least 4 of these miswried and

one had a pregnancy termination. Of the 327 prenatal records that did not link to a
hospital record, only 142 (43.4%) were linked to a medical claim.

3.7

ANALYTIC
METHODS

The proposed analysis cohort was comprised of livebirths, stillbirths and genetic
teminations, pregnancies where the potential existed for referral for genetic counselling.
Please note: the term "genetic termination," though not technically accurate, will be used
as a shorthand notation to describe those pregnancies terrninated because of fetal

anomalies or an abnormal karyotype.

The three main analysis groups were (1) not referred for genetic counselling; (2) referred
for counselling and (3) had invasive genetic prenatal testing. Pregnancies that ended in a
miscarriage presented a problem. On the whole, the data quality tended to be poorer for
this group. It would have been ideal to include pregnancies that ended in a miscaniage in
the anaîysis cohort, since such women might have had the opportunity to be referred for
genetic counselling. Gestation at miscarriage could have been used to interpret observed
utilization patterns in the light of the opportunity to be referred or have testing; however,
gestation at miscarriage is not recorded. Consequently, a decision was made to exclude
miscarriages fiom the analysis group, but to first assess potential consequences of
excluding them.

To determine the impact of removing pregnancies that ended in a miscaniage, sensitivity
testing was undertaken. Chi-square tests of association were used to compare the

distribution of key variables (age, residence and income quintile) for those pregnancies

kncwn to have ended in miscarriage and the proposed analysis cohort (livebirths,
stillbirths and genetic terminations) across three analysis groups.

Univariate analyses of demographic and obstetric factors in the analysis cohort and their
relationship to referrd for pnetic counmlling and uptake of invasive prenatd yenetic
testing were examined using a chi-square, ANOVA or t-test as appropriate. Significance
for trend was assessed using the Cohran-Armitage Trend test.

Additionally, the

rnultivariate relationship between referral for AMA genetic counselling and the obstetric
and demographic variables (listed in Table 9) were examined using logistic regression.

The latter analysis models the relationship between a binary dependant variable and one
or more explanatory variables and permits an evaluation of the individual contribution of
each predictor to the outcorne response, having adjusted for al1 other variables in the
mode].

Final models reported were based on stepwise regressions.

Operational

definitions for the variables are given in Table 10.

Similar analyses were undenaken using the uptake of invasive prenatal diagnosis as the
dependant variable. The first modelled predictors of invasive testing for the entire AMA
cohort and the second investigated the relationship between referral and invasive testing.

Al1 data analysis and statistical testing was performed using SAS Version 6.12 (SAS
Institute Jnc., 1996).

Table 9.

Logistic regression variable definitions

INDIVIDUAL CHARACTERISTICS
Variable name

Description

AGE

Age in years at term

SES2
SES3
SES4
SES5

Income quintile 2 (yes= 1)
lncome quintile 3 (yes= 1)
lncorne quintile 4 (yes= 1)
Income quintile 5 (yes= 1)
Reference: Income quintile 1

RES

Urbanhral residence (urban= 1)
Reference: nual

TREATY

Treaty status: First Nations or non-Fint Nations (First Nations= 1 ).
Reference : non-First Nations

OBSTETRIC CHARACTERISTICS
--

Variable narne
- --

--

Description

-- -

POOROB

Poor obstetric history (yes=1)
Reference: obstetric history not noted to be "poor"

PHYS2

Early prenatal care (15 weeks of gestation or less) given by general
practitioner (yes= 1)
No prenatal care in the first 15 weeks of pregnancy (yes=l )
Reference: Eiirly prenatal care given by an obstetrician

PHYS3
COMP

Early complications of pregnancy (yes=1)
Reference: no early complications noted

AFP

AFP screening (yes= 1)
Reference: Did not have AFP screening

ABN

Abnomal AFP result (yes=l)
Reference: AFP result normal or Down syndrome risk=age risk

Table 10. Operational definitions of independent variables
INDIVIDUAL CHARACTERISTICS

VARIABLE

DESCRIPTION

VALUES PROPERTIES

DATA SOURCE INFORMATION USED

AGE

Age in years at term

35 - 48

Discrete,
interval

Hospital Clairns Age in years at term. Calculated from
gestation at delivery and mother's &te
of birth (see Appendix 2)

SES

Income quintile

Q 1 - Q5

Nominal

Hospital Claims Income quintile. Q1 =poorest;
QS=wealthiest. (For description see
Glossary)

RES

Residence

Urban/mal Dichotornous

Hospital daims U rban/wal residence. Based on
postal code. (See glossary definition
of urbadwal residence)

Yeshio

Hospital claims Treaty status assigned based on
municipal code. (See glossary
definition of Treaty First Nations)

TREATY Treaty status First Nation
Membership

Dichotomous

CHAPTER 4. RESULTS
4.1

SUMMARY OF DATABASE LlNKAGE

Almost 98% of the AFP screening records and 93% of the genetic records were linked to

a hospital record (Table 11). The linked databases describe pregnancy outcornes, AFP
screening, referral for genetic counselling and the uptake of invasive genetic testing for a
group of 12,116 AMA pregnancies. Overall, 68.9% of the pregnancies ended in a

livebirth, 16.4% in a miscarriage and 0.6% in stillbirth. A M e r 14.1% of pregnancies
ended in terminations, of which 1,693 were performed for social reasons and 24 because

of a genetickongenital anomaly in the fetus. A summary of the database lidcages is
given in Figure 8.

rF
Database

Original
record
Nurnber
63,684

Genetics

11,219

Table 1 1. Analysis databases
AMA pregnancies in Pregnancies
final database
liriked to
administrative
data (% linked)

Excluding
miscarriages and
social
teminations

6,277
4,î 55

6,025
3,422

6,121 (97.5%)
3,850 (92.7%)

F
Genetics

--t

Physician
claims

12,654

12,116

3 1 1,682

8,346 livebirths
72 stillbirths
3,698 losses &
terminations
3 11,682 claims

8,442

l

.

Figure 8.

Summary of data linkage

Medicd Claims

AFP

claims
88

Genetics
linked to
hospital claims

Ns

Interpretation:

76

AMA pregnancies with no hospital record or referral to Genetks, but that did have AFP
testing.
AMA prepancies with no hospital record, but that did have AFP testing and a referral to
Genetics.
AMA pregnancies with a hospital record that were refernd to Genetics 2nd had AFP
testing. Will have had either a live/stillbirth, late loss or termination for fctal anomalies
AMA pregnancies with a hospital record thac were refemd to Genetics. but did not have '
AFP testing.
AMA pregnancies with a hospital record that had AFP screening, but which were not '
refmcd t o ~ m e t i c for
s counselling
AMA pregnancies that did not have a hospital record, were refend to Genetics. but did not
have AFP screening
AMA pregnancies that did not have AFP xnuiing, or a hospital record, but did have a
referrai toëenetics
AMA pegnancia that h d AFP mmning that did not have a hospital rceord/medical daim '
or a rcfmal to Genetics for counsclling
AMA pregnancies which werc neither refend for AFP scmning nor genetic cwnselling.
Note: the majority of these ended in a miscarriage or a social tcnnination

40

3.270
580
' 2,85 1

' 80

185

42

5,415

4.1.1 Unlinked records

Of the 305 records from the Genetic database that remained unlinked, 20% were noted in

a comment field in the genetic database to have lost the pregnancy (n=59) to have had a
social termination (n=5), or to have moved out of province (n=l). At the time of the
study, CVS testing was available, and interest in this test would have resulted in early
referrals for counselling. However, not al1 doctors offices would infonn the Prenatal Coordinator for the Section of Genetics and Metabolism if the patient miscarried, and such

an early loss may not have been captured appropriately in the administrative data.
Biologically plausible reasons explaining the unlinked AFP screening records (n= 157)
are less obvious, particularly since this test is pertonned later in pregnancy.

4.2 VALIDATIONOF HOSPITAL COHORT DATA
4.2.1 Births

The figure determined from our hospital cohort of 8,418 AMA pregnancies resulting in a

birth compares favourably with that of 8.867 reported by Statistics Canada (see Table 6)
and the 8,382 determined from the Birth Events database maintained by the MCHPE (See
Appendix 2). Discrepancies are likely explained by the different time &es

that these

data represent: the figws reported by Statistics Canada included births in calendar years
1990 to 1995, however, this study included only pregnancies with an LMP between

November 25, 1989 and June 5, 1995. Assuming term deliveries, these would end
between September 1990 and mid-March 1996.

4.2.2 Tenninations of pregnancy

Pregnancy terminations identified (Table 12) from the hospital abstracts cohort compared
favourably to those reported by Statistics Canada (Table 13). That our figures were
higher, reflected that these data were generated using ICD-9-CM codes in addition to the

one for "legally induced abortion" (ICD-9-CM code 635). When this code alone was
used (see Table 14), excellent agreement was obtained.
Table 12. Therapeutic abortions' by year and age of mother fiom hospital claims

35-39
40-44
45-49
>49
Total

'

I

1990
202
50
6
1
259

1 1991
171
49

2

--

1992
165
59
5

1993
169
44
4

0-

0-

1995
198

1994
205
53
1

49

5

--

-0

Total
1,110
304
23
1
1,438 1
1

252
229
259
217
* Therapeutic abortions identified using ICD-9-CM codes 635, 636, 637 &
779.6 (see Appendix 1 for associated diagnoses)
Note:
- Some tenninatians were also performed in 34 year old women
(n=213) and 1996 (n=70). These were not included since they do not
represent full data for that age group or period.

222

'

Table 13. Manitoba therapeutic abortions by year and age of mother
reported by Statistics Canada

I< 15 years
15-19
20-24
25-29
30-34
35-39
40-44
45-49
>49
I

r

Total
35+ total

1990
NA
NA
NA
NA
NA
NA
NA
'XA

NA
2,529
NA

582
873

1992
13
580
937

1993
19
636
915

549

536

545

315
153

283
154

327

1991
6

--

4

148
42
3

1994
24
669
992
588
336
200
48
1

m
.

I
O

-O

2,524
199

2,564
214

2,635
193

44

-2

56

1995
19
702
1020
519
341
182

1

45

5
O-

2,858 2,833
249
232
NA = Not available. Source: "Therapeutic Abortions" Statistics
Canada pub1ication 82-2 19-XMB.

'
1

Table 14.

Therapeutic abortions in Manitoba by year and age of mother identified in
the hospital claims using only the 635 ICD-9-CM code for "legally induced
abortion"
35-39

L

40-44
45-49
>49

Total

1990
180
44
4

--

228

1991
153
44
2
-II

199

155
55
4

1993
146
41
4

1994
196
49
1

-0

0-

0-

1992

214

191

246

1995
183
45
5

Total '

233

1,311

--

1,013
278
20
O

Note: Some terminations were also performed in 34 year old wornen
(n=193) and in 1996 (n=67). These were not included since they do no
represent full data for that age group or period.

4.3

SUMMARY
OF M A PREGNANCY ENDPOlNTS

Figure 9 summarises AFP screening and genetic referral in the cohort, and the pregnancy
outcomes in each group. Note that the relative proportions of livebirihs, stillbirths,
miscamiages, and social terminations reflect the chronology of the processes:
miscamiages and social terminations were most common in the group that was not
referred for genetic testing or AFP screening. Of the women referred for genetic
counselling but who did not have invasive testing, approximately 27% miscanied,
reflecting the tendency for referrals to be made relatively early in gestation. Amongst the
2,562 AMA women who had invasive testing, a lower percentage 1.1% (n=28) went on

to miscany and an even smaller number (n=7) had social terminations of pregnancy.
Comparing these outcomes to those seen arnongst women having AFP screening, the
pattern seen is more similar to those of women having invasive testing, with a low
miscarriage and social termination rate and a high proportion of livebirths.

Although pregnancies ending in a social termination or a miscarriage were included in
the overall description of the AMA cohort generated, they were excluded fiom the
analyses that described panerns of referral and invasive testing.

The rationale for

excluding pregnancies that ended in a social termination was that such women were not
likely to have been interested in referral for prenatal genetic counselling.

Pregnancies ending in miscarriage presented a dilemma since these represented
potentially wanted pregnancies where counselling might have been desired and feasible
(to be considered a miscarriage the pregnancy must end spontaneously before 20 weeks).
Indeed, women who went on to have a miscamage accounted for almost 10% (378/3.850,

see Figure 9) of referrals for AMA genetic counselling. However, the inclusion of such
pregnancies might introduce a significant bias since the data quality was noted to be
inferior for this group compared to that of pregnancies that ended in a livebirth. In
particular, gestational age was not recorded for pregnancies ending in either a social
termination or a miscarriage so it would be difficult to determine if the miscarriage
occurred late enough in pregnancy for a referral to have been possible. Recognising that
pregnancies that ended in a miscarriage might be distinctly different fiom those that
ended in a livebirth, sensitivity testing was performed to describe differences between
these groups.

The proportion of pregnancies referred, having AFP screening or invasive testing by
pregnancy outcome is given in Table 15.

Table 15. Proportion referred for counselling, having AFP Screening andfor IGPT by
pregnancy outcome
(% = percent of total in group)
Miscarriage
Social
Stillbirth
Livebirth
termination
1,981
1,693
72
8,346
Total in
W U P

Referred

Had AFP
Screening
Had lGPT
I

40.4%
3,370
7 1.4%
5 $6 1
29.8%
2,483

38.9%

28
56.9%
41
27.8%
20

3 .O%
50
1 .O%
17
0.4%
7

19.1%
378
4 .O%
80
1.4%
28

Compared to the analysis group (livebirths, stillbirths and genetic terminations), women
who went on to miscarry were less likely to be referred for counselling or to have had

AFP screening.

4.4.1 Region of residence

Figure 10 shows the distribution of urban or nual residence for the analysis group
(livebirths, stillbirths and genetic terminations), miscaniages and social terminations. It

appears that more urban pregnancies end in a social termination (1 5.5% vs. 9.0% for rural
AMA pregnancies, p=0.O01, Table 16). The miscarriage rate was comparable between

wban (16.6%) and

nird

(1 5.4%) AMA pregnancies @=O. 1 20) but the proportion of

continuing pregnancies was lower in the wban group (67.9% vs. 75.7%. p4.001)

reflecting the higher rate of social tenninations seen in that group.

Figure 10. Urbdrural residence by pregnancy outcome

Table 16. UrbadRural distribution for AMA miscarriages, social terminations and the
analysis group
(% = % of colurnn total)
' Social Termination Overall
Analysis groupu MMiarriage
Urban
16.6% (1,55 1) 15.5% (1,440)
67.9% (6,329)
76.9% (9,320)
15.4% (406)
9.0Yo (237)
Rutal
75.7% (1,998)
21.8% (2,641)
24
16
Missing
115
155
Total
1$8 1
8,442
1,693
12,116
" Livebirths, stillbirths and genetic terminations
1

Comparing the miscarriage and analysis groups (Table 17) in terms of the proportion of
each that was referred, no significant difference was found. However, the distribution of

the "not referred' group did differ (p=O.001), with a larger proportion of urban AMA

pregnancies ending in miscarriage.

Sensitivity testing for region of residence
(% = % of column total)
Had IGPT
Referred
Not referred
Analysis Miscarriage Analysis Miscarriage Analysis Miscarriage
groupn
group"
DOUP#
Table 17.

Region

3472
69.2%
1488
29.6%
60
1.2%
5,020

Urban

Rural
r

'
1

Missing

Total
xL

m

33 1
2100
28
1220
2857
100%
87.6%
83.1%
83.5%
76.1%
42
377
510
364
11.1%
14.9%
14.9%
22.7%
-5
50
t9
55
1.3%
2.0%
1.6%
1.2%
378
38
2,527
1,603
, 3,422
Not available
0.001
1
0.121
" Livebirths, stillbirths and genetic terminations

--

4.4.2 Materna1 age
Figure 1 1 shows the age distributions among continuing pregnancies and those that ended

in a miscarriage or a social termination. Miscarriage and analysis groups differed

significantly for both "not referred" and "referred" groups (Table 19). In both as
matemal age increased, so did the proportion of pregnancies ending in miscartiage.

Figure 1 1. Age distribution in the analysis group and among women having
miscarriages and social terminations

Table 18. Age distribution in the analysis group and among women having
miscarriages and social terminations
(% = % of women aged x years at term)
Age at EDC Analysis g r o u p ~ i s c ~ a g eSocial termination Total

81.3% (3,080) 10.4% (394) 8.3% (313)
74.2% (1,799) 14.2% (343) 11.6% (281)

35
36

&

3,787
2,423

I

Livebirths, stillbirths and genetic terminations

Table 19. Sensitivity testing for matemal age at EDC
(% = % of group total)

1

Matemal

age at
EDC
35

I

Not referred

1 Analysis 1 Miscarriage
-

group"
42.3%

1

Referred

1

1 Analysis 1 Miscarriage
groupn
27.9%

24.3%

1

Had IGPT
( Analysis Miscarriage
group'
3.6%
26.0%
(1)
17.9%
(5)
17.9%
I

31

1.3%

(5)
7.1%
4-

W.

(300)
I

Total
xL

5,020

(2)
14.3%
(4)
7.1%

(2)
32.1%
.(9)

(273)
(226)
(91)
(165)
1,603
3,422
378
2,527
28
0.001
0.001
Oi.( ml- Age categories were pooled to permit testing
I

L

II

1

Livebirths, stillbirths and genetic termination

4.4.3 Income quintile

Figure 12 shows the distribution of individuals across income quintiles for each of the
groups. The analysis and social termination groups displayed opposite trends, with the
majority of the analysis group belonging to the wealthiest income quintile (Q5:25%,
Table 20) and the minority to the poorest quintile (Q 1, 17%). The converse relationship
was seen for social terminations, where the majority of women belonged to the lowest
income quintile (24%) and progressively fewer to higher income groups (Q5,18%). The
pattern in the miscarriage group was similar to that of the analysis group.
Figure 12. Income quintile distribution in the analysis group. miscamiages and social
terminations

Table 20. Income quintile distribution in the analysis group and among miscarriages
and social terminations
(% =% of group total)
Incorne
quintile

Anaiysis group* Miscarriage

1
2
3
4
5

17.1%(1,444)
16.2% (1,364)
18.1% (1,529)
22.1% (1,864)
25.2% (2,126)
1.4% (1 15)
8,442

L

1

Missing

Tota1

Social termination Total

18.6%(368) 24.1%(408)
15.6% (3 10) 19.8% (336)
19.0% (376) 19.6% (332)
2 1.5% (426) 17.9% (303)
24.1% (477) 17.6% (298)
0.9% (16)
1.2% (24)
1,693
1,98 1

2,220
2,010
2,237
2,593
2,90 1
155
12,116

,

1

No significant diftèrence was seen in the distribution across income quintiles between the
analysis group and the miscarriage group for either the "referred" or "not refened"
groups (Table 2 1).

Income
quintile
QI

42
43
44

Qs
Missing

Total
xL

Table 2 1. Sensitivity testing for socio-economic status
(%=% of column total)
Had IGPT
Referred
Not referred
Analysis - Miscarriage Analysis Miscarriage Analysis Miscarriage
groupu
groupu
group*
'

19.3%
(970)
17.7%
(888)
19.1%
(961)
21.1%
(1,059)
21.6%
(1,082)
1.2%
(60)
5,020

19.3%
(310)
16.0%
(256)
19.5%
(313)
21.7%
(348)
22.3%
(357)
1-2%
(1 9 )
1,603
0.750

13.9%
(474)
13.9%
(476)
16.6%
(568)
23.5%
(805)
30.5%
(1,044)
1.6%
(55)
3,422

15.3%
(58)
14.3%
(54)
16.7%
(63)
20.6%
(78)
31.7%
(120)
1.3%
(5)
378
0.829

11.7%
(295)
13.7%
(345)
15.9%
(401)
24.2%
(611)
32.6%

(825)
2.O%
(50)
2,527

" Livebirths, stillbirths and genetic terminations

21.4%

(6)

,

17.9%
(5)
17.9%
(5)
14.3%
(4)
28.6%
(8)

l

,

O-

28

,
I

Not available

4.4.4. Sensitivity testing summary

The group of women who miscarried were comparable to the study group with respect to
income quintile (Table 21) and urbanhral miscarriage rates (urban: 16.6%, rural: 15.40/0,
p=0.12). The age distributions demonstrated that women who miscarried tended to be

older than AMA women who canied the pregnancy to tem. Finally, not surprisingly,
women who miscarried were less iikely to be referred for Genetic counselling or to have
had invasive prenatal testing than were AMA women with continuing pregnancies.

By excluding AMA pregnancies that went on to miscany, we were unlikely to be
introducing significant bias with respect to any conclusions made regarding income or
region of residence. Since the miscarriage rate increased with increasing matemal age
(1 1.3% at 35 years at term; 30.2% at 40 years at term, see data in Table 19), excluding

pregnancies that ended in a miscarriage would potentially reduce the magnitude of any
age-related effects seen in the older age groups.

4.5 DESCRIBING
PREGNANCIES REFERRED FOR GENETIC COUNSELING

Table 22 describes the distribution of first invasive prcnatal genetic test over the study
period as compiled by the Section of Genetics and Metabolism. This data includes both
non-AMA and non-Manitoban individuals.

Table 22.

1990
1991
1992
1993
1994
1995
Tota1

Distribution of irivasive prenatal genetiç tests (AMA and non-AMA,
Manitoban and "other") by first IGPT per person.
(% = % of total tests for the year)
Total
CVS Patients Cordocentesis
Amniocentesis
Patients
patients
753
13.4% (101)
1.7% (13)
84.9% (639)
778
79.8% (621)
1 7.2% (1 34)
3.0% (23)
890
13.4% (1 19)
4.0% (36)
82.6% (735)
763
4.2% (32)
84.9% (648)
10.9% (83)
8 13
4.2% (34)
6.8% (55)
89.1% (724)
928
4.0%(37)
93.1% (864)
2.9% (27)
4,925
4,23 1
175
519
'

Table 23 presents the data from the genetic cohort assembled for this study. The lower

numben reflect the exclusion of non-AMA and non-Manitoban women and pregnancies
that ended in a miscarriage (43) or social termination (7). Due to constraints of cohort
eligibility, neither 1990 nor 1995 represent complete calendar years.
Distribution of first invasive prenatal genetic test for AMA
(Yeu = year sarnple received, % = % of year total)
1 ~rnnio&ntesis 1cvs Patients 1 cordkentesis 1 Total 1
patients
16.3% (57)
-350

Table 23.

1

.

'

i

.

I

1

.,

1

79.7% (282)
19.8% (70)
0.6%(2)
354
2,016
539
7
2,562
- Note: Data for 1990 & 995 do not represent complete years due to
snidy cut-offs

1995'
Total

When the proportionate difference between the annual totals for Table 22 and Table 23
are compared across those years with full data ( 199 1- 1994)- they are consistent across the
two groups (~~0.789).

Refemals of AMA women to the Section of Genetics and Metabolism for counselling in
each of the study yrars arc: given in Table 24. Sixteen records had nrither a counseliing

date nor an LMP and were excluded. None of these women wcnt on to have IGPT.
Since this table prcsents the proportion of referrals that had invasive testing and the type
of testing that they had, the number of procedws reflects the year of the referral and not
necessarily the year of testing.

Using year of LMP to estimate year of referral in the non-referred population, the
proportion of referred AMA pregnancies ranged between 24936% (Table 24). When
miscarriages and social terminations were removed from the denominator, this rose to 35-

55% of continuing AMA pregnancies. The proportion of women having IGPT remained
relatively constant over the study period, ranging fiom 72.79%.

The number of

miscarriages among referred women perhaps reflected the need to refer early for pre-CVS
counselling and the higher loss rate experienced at earlier gestations.

Number of AMA pregnancies refened for genetic counselling and the proportion having IGPT
(Year = year of referral. If not referred, vear = vear of LMP)
1993
1994
1995'
Missing Total
year
3 1.O%
32.6%
3 1 .S%3,850
Proportion AMA
Table 24.

1

I

1

pregnancies referred
(including miscarriages
and social terminations)
,
Proportion of AMA
pregnancies referred
(excluding miscarriages
and social terminations)
Number of counselling
mferrals
(Excluding m iscaniages
and social terminations)
Refenals that m iscarried
1 or haâ a social
temination
Proportion having IGPT
(Exc ludes m iscarriages
1 and social tenninations)

cvs

Amniocentesis
Cordocentesis

-

1 358

12

1

1 448

483

Note: only includes the Srst test performed in a pregnancy
Note: includes al1 referrals irrespective of pregnancy outcome
' Not a complete year of data

1

1

1

4.5.1 Urbanlrural residence and referral
Across the study period, approximately 75% of referrals were urban AMA women and

25% rural residents (Table 25). Neither urban or rural refend rates for AMA genetic
counselling increased significantly over 199001994, the period for which we have complete
years of data @=0.229 urban; p=0.387 nual, Figure 13). The proportion of urban and rural
AMA women referred also remained constant over the study penod with approximately

45% of eligible women referred in urban areas and 25% of their rural counterparts being
refened.

Figure 13. AMA referrals by year and residence

Referral over time by urbanlnual residence
Tota1
Urban/rural distribution
AMA referrals
refemls of pregnancies
(% = % of year total)
Rural
Urban
Rural
Urban
Region
missing
21 -2%
4
24.4%
40.0%
75.6%
450
(3801949) (66/31 2)
(949)
(3 12)
27.3%
72.7%
46.7Wo
25.8%
3
595
(50511,082) (871337)
( 1,082)
(337)
6
47.7%
30.4%
75.8Yo
24.2%
668
(55011,153) (1121369)
(1,153)
(349)
43.1%
22.6%
10
74.7%
25.3%
58 1
(48511,124) (861381 )
(1,124)
(381)
26.4%
22.9%
45.2%
15
77.1%
664
(55311,223) (961363)
(1,223)
(363)
54.0%
76.6%
29.8%
23.3%
17
448
(3691683) (621208)
(683)
(208)
509
3,406
1,970
2842
55
6,214

Table 25.
Year
1

1990
1991

1992
1993

1 994
1995'

Total
Year missing

16
1 16
131
1995 referrals do not reprcsent a full year of data
Note: does not include pregnancies ending in a miscarriage or social termination

4.5.2 Income auintile and referral

When refeml was examined by income quintile as well as urbadnual residence (Figure
14), the trend across quintiles was significant for both urban and rural groups and across

ail years @=0.001), with increasing referrals as income increased. This was seen less
convincingly in the rural group, where referral rates were relatively static at
approximately 20% (Table 26), except for the highest income group (QS),where
approximately 40% of women were referred. Even so, the referral rate in the wealthiest

rural income quintile is comparable to those seen in urban quintiles 2 or 3. These
findings werc supported by the Ql/QS ratios which were 0.73 for the urban group and
0.47 in the nual group (Table 26).

The Q I/Q5ratio quantifies the proportional difference

between the highest and lowest income quintiles. Values close to "1" indicate that the
proportions in both quintiles are comparable. As the proportion in Q5 increases relative
to Q1,the ratio approaches zero. Despite the more obviously linear rise in refenal rates

with increasing income for urban AMA pregnancies, the difference in referral rates
between women in the wealthiest and poorest income groups was smaller than that
observed for rural AMA women (1 3.9% urban vs. 21.6% ruraij.

Figure 14. AMA referrals by income quintile and residence

Proportion of AMA women referred by income quintile and residence
(% = # referred in quintile xltotal pregnancies in quintile x x 100)
AMA referrals
Income quintile
Overall
Rural
Urban
32.8%
19.2%
37.6%
1
(474/1,444)
(72/375)
(402/1,069)
34.9%
21.6%
39.2%
2
(47611,364)
(721333)
(404/1 ,O3 1 )
38.3%
1 7.5%
44.1%
3
(58611,529)
(7013 99)
(498/1,130)
43.2%
24.5%
48.5%
4
(80511,864)
(101/413)
(704/1,451 )
49.1%
40.8%
5 1.5%
5
(
1,044/2,126)
(1
95/478)
(849/1,648)
0.47
0.73
Q 1 /Q5ratio'
115
55
Missing
3,422
2,857
1510
Total
- The percentage of referred AMA women in QI divided by that in Q5

Table 26.
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4.6

AFP SCREENING IN THE AMA COHORT

Figure 15 and Figure 16 describe AFP screening in the AMA population and across the
individual andysis groups. Overall, 50.5% (612 1/12,116) o f AMA women had AFP
screening. Of these, 80 (1.3%) miscarried and 16 (0.3%) had social teminations (Figure
9). These individuals are not included in Figure 16 or subsequent tables. The 6,025
women that had AFP screening represented 8,394 discrete samples (Table 27), with the

majority of women (72%) having only one sarnple submitted in a pregnancy. It is
recommended that AFP screening samples are obtained between 15-18 weeks of
gestation. In our population, 84.9% of AMA pregnancies had at least one sample
submitted during those gestations (Table 28). Where multiple samples were submitted
over the course of a single pregnancy the one drawn closest to 15-18 weeks was kept,

thus the figure of 85% would not necessarily be representative of the distribution of
gestational ages for the first AFP sample received in a pregnancy.

Results of AFP screening:

(Y0= percent of screened prejgancies in that category)
1 Elevatbd 1 Low 1 DS risk=age nsk 1 DS ri&> age risk
AFP
2,527 had iGPT
3.7%
w
. 2,487 (98.4%) had AFP
3,422 referred to Genetics
5.2%
m 895 no IGPT
768 (85.8%) had AFP (40)
screening
1

AFP
0.8%
(19)
O. 7%
(5)

66.8%
(1,661)
68.4%
(525)

28.7%
(7 14)
25.8%
(198)

/

8,442 AMA pregnancies

Elevated Low
AFP
AFP
5,020 not referred to Genetics
2,770 (55.2%) had AFP xreening

2.6%
(72)

0.5%
(1 5 )

DS risk=age nsk
76.1%
(2,109)

DS nsk> age rkk
20.7%
(574)

Figure 16. Results of AMA AFP Screening by analysis group (excluding miscamiages and social terminations)

Distribution of samples per AFP file nurnber linked to hospital data
(excluding miscdages and social terminations)
Number of sarnples received
% (n)
1
7 1.9% (4.3291

Table 27.

1

Total

Table 28.

i 6,025 wornen, 8,394 AFP samples 1

Distribution of gestational ages on AMA AFP simples
Gestation (weeks) Number %
< 12
15
0.2%

0.3%
Not determined
3 ,7%
Total
6,025
100.0
Note: The sample retained was not necessarily the
fint sample (see Section 3.3.2), rather the
fint sample that could be interpseted. If al1
samples required a hand written message
("message 8 9 , the first sample submitted
was kept.

Table 29 describes the distribution of AFP report messages by year. Note the large
proportion of samples (23.7%), where a manual interpretation was required ("message
8").

Table 29.

F

I

Proportion of abnormal AFPs by report message and year
(Year = year sample drawn; % = % of year total)
1990 - 1991
1993 1 1994 ' 1995 ' Total
19%
AFP drawn too
2.0%
1.6%
1.7%
1.8% 104
2.2%
1.2%
earIy or too Iate
(20)
(18)
(20) ( 1 7 )
(16)
03)
Nomal44.9% 52.3% 51.9% 55.1% 49.6% 67.7% 3,291
(332) (515) (578) (623) (592) (651)
.Law2
0.1%
0%
(1)
(1
Highv-1.6% 3.7%
1.8%
2.8%
158
2.8% 2.7%
(12)
(34)
(22)
(27)
(30)
(31)
Down syndrome 18.4% 14.2% 14.6% 10.6% 11.6% 13.6% 828
riskY(over age(136) (140) (163) (120) (138)
(131)
related risk)
Message 8
31.5% 25.5% 28.2% 28.1% 33.6% 12.9% 1,642
(233) (252) (314) (318) (401) (124)
739
Total
985
6025
1113
1131
1193 961
i
Increased Down syndrome risk: AFP program messages 6.15
Normal AFP: AFP program messages 5 & 17
Low AFPs: AFP program messages 1,2,3 & 4
**a
Elevated AFPs: AFP program messages 7,16
Note: 1990 and 1995 do not represent a complete year of data
0-

--

0-

.

To avoid eliminating those records where a manual interpretation had been perfonned
and no internai record of the status of the screen was available, categories of response
were detennined based on the available AFP multiples of the mean (MOM) and Down

syndrome risk grouped, according to the AFP protocol, into high, low and increased
D o m syndrome (above age-related) nsk (Table 30).

Table 30.

AFP level:
Normal

Proportion of normal, low and elevated AFPs by year in the linked sample
using MOM and Down syndrome risk.
(year = year sample drawn; % = % of year total)
1 1990- 1 1991 1 1992 1 1993 1 1994 1 1995- 1 Total

1 56.2% 1 63.0% 1 70.6%

Down syndrome risk:
37.3%
> age related risk
(272)

29.9%
(288)
2.0%
(19)
- 963

23.6%
(260)
1.1%
(1 3)
1100

( 75.0%

19.3%
(214)
1.6%
(1 8)
1109

1 74.8% 1 72.5% 1 69.6%

20.6%
(241)
1.7%
(20)
1173

2.2%
Sample drawn too
earlynate to interpret (1 6)
729
Year tota1
- Does not represent a full year of screening

22.2%
(211)
1.8%
(1 7)
951

24.7%
(1,486)
1.7%
(1 03)
6,025

Overail, only 1.7% (103/6,025) of sarnples were drawn too early or too late for
interpretation. A "normal" screening result was obtained in 69.6% (4,192/6,025) o f
pregnancies Le. the calculated risk of Down syndrome was appropriate for the woman's
age and the AFP value was within the normal range. Elevated AFP levels were found in
3.4% of pregnancies, and low AFP levels in 0.6%. The number of women who had a risk

of Down syndrome that was greater than their age-related risk varied over the study
period fiom 19.30% (based on completed years, see Table 30), but over the entire study

period, approximately 25% of the screened cohort had a Dom syndrome risk that was
greater than their age risk.

Differential rates of AFP screening were seen depending on whether a woman was
referred for genetic counselling or not and also on whether she had invasive genetic
testing. Fifty five percent (2,77015,020) of AMA women who were not referred for

genetic counselling had AFP screening. This compared to 95% (3,255/3,422)
of refened
women and 98.4% (2,48712,527)of women who had invasive testing (Table 3 1).

Table 3 1.

AFP screening in the analysis groups
(% = % of screened total for column)
1
1 Not referred 1 Referred
1 ad IGPT
1 Total
1
74.0% (2,050) 65.8% (2,142) 65.7% (1,635) 69.6% (4,192)'
Normal AFP
L
3.4% (205)
3.7% (93)
4.1% (133)
2.6% (72)
Elevated AFP
0.6%
(39)
0.8%
(19)
0.7%
(24)
0.5%
(15)
Low AFP
DS risk >age risk 20.7% (574) 28.0% (912) 28.7% (714) 24.6% (1,486)
,
1.7% (103)
1.0% (26)
2.1% (59) ' 1.4% (44)
Too early/late
2,487
3,255
2,770
Screened total :
6,025
28.6% (2,417)
1 6% (40)
45.0% (2,250) 4.9% (1 67)
Not screened
8,442
2,527
5,020
3,422
Group total:
Referred: not referred:
p=O.OO 1
x'
Referred (no IGPT):had IGPT p=0.001
L

I

1

I

I

1

2

Sixty-one prcent (9 12/1486)of women with a Down syndrome risk greater than their agerelated risk were referred for genetic counselling and 78.3% (714/912)had invasive
genetic testing. There were more normal AFP screens (i.e. an age-appropriate Down
syndrome risk) in the "not referred" group than in the referred group (74.0% vs. 65.8%;

pO.001) and, where the screen indicated an abnormal result, these women were more
likely to be referred for counselling regarding lGPT (p-0.001).

Figure 17 shows the age distribution for AMA AFP samples by year.
Figure 17. Age distribution for AMA AFP samples

Age at EDC on AMA AFP records
(Year = year sample drawn)
1991 1992
1993 1994 1995 Total

Table 32.
Age at EDC

1990

1 Proportion
of age

w'"P
screened
35
36
37
38
39
40
41
42
43
44+
Total:

228
167
112
75
53
45
20
7
9
13

255
206
187
122
70
51
37
16
10
9

729

963

335
230
161
129
92
61
42
30
14
6
1100

313
268
185
127
80
55
30
25
14
12
1109

306
270
217
139
101
71
37
15
10
7
1173

259
192
163
124
100
47
19
22
11
14
951

1,696
1,333
1,025

55.1%
74.1%
84.4%

Figure 18 shows the proportion of AMA women having AFP screening by income
quintile and residence. Significant differences (Cochran-Armitage trend test. Urban:
p=0.001; Rural: p=0.00 1) were seen between quintiles, with women in higher income

groups being more likely to have AFP screening irrespective of urban or nual residence.
Women living in urban areas had AFP screening more ofien than did nual AMA women
(p=0.001) and the proportion of women screened across quintiies was greater for urban
AMA women than for rural AMA women (Q 1: 69.1% vs. 39.7% Q5: 83.6% vs. 72.4%;

p=0.00 1) (Table 33).

Figure 18. AMA AFP Screening by income quintile and residence

Table 33.
Income
quintile
QI

,Q2
43
, Q4
, Q5
Q !/Q5
Total
Missinrr

r

1 Total

1

AMA AFP screening by income quintile and urban/rural residence
(% = % of income quintile having AFP screening)
L

Urban
[ 69.13% (739/ 1069)
68.96%(71111031)
76.99% (870/1130)
81.81% (1 18711451)
83.56% (1 377/1648)
0.83
4884

AFP scmning
Rural
39.73% (149/375)
46.25%(154/333)
45.36% (1 8 11399)
53.51% (2211413)
72.38% (3461478)
0.54
1051

,

-

Overall

6 1.5% (888)
63.4% (865)
68.7% (1,O5 1)
75.5% (1,408)
8 1 .O% (1,723)
0.7 i
5935

90
6.02 5

1

I
- -

-

-

1

Figure 19 shows the proportion of AMA women having AFP screening by year and

residence. Overall, a higher proportion of urban pregnancies were screened, a trend which
continued over time (Cochran-Amiitage trend test p=0.035). However, larger gains in
screening coverage were seen in nual areas @=0.011).

Figure 19. AMA AFP Screening by year and residence

Table 34. AMA AFP screening over time by urbdtzual residence
(% = % of urbdrurai AMA women having AFP screening)
Year = year sample obtained
AFP scmning
Year
Urban
I Rural
I Overall
-

,

I

1991
1992
1993
1994
1995Total

76.34% (7971104-4)
80.18% (89811 120)
8 1 52% (90911 1 1 5)
79.86% (924/ 1 1 57)
87.33% (75 1/860)
4,884

Missing
Total

,

-

49.24% (1 6313 3 1) ' 69.8% (960)
54.32% (1 951359) 73.9% (1,093)
50.96% ( 1 86/365) 74.0% (1,095)
60.50% (2 1 91362) 75.2% (1,143)
66.27% (1 691255) 82.5% (920)
1 ,O5 1
90
6,02 5

I

Not a full year of AFP screening

4.7

DESCRIBING
THE GROUPS

Pregnancies ending in social terminations and miscarriages were excluded and removed
fiom the following analyses. The remaining pregnancies were subdivided into groups for
analysis as follows: (1) AMA women not referred for genetic counselling and (2) those
that were referred. For analyses where the outcome of interest was uptake of prenatal
diagnosis the latter group was further partitioned into (3) pregnancies which had invasive
testing and (4) those that did not. Not al1 women in the referred group necessarily had
counselling: referral denoted that a request for prenatal counselling had been received
(see Glossary). This was consistent with the intent of the study that was to look at access
to, and not receipt of, genetic counselling for advanced matemal age. These four groups
were compared with regard to demographic and obstetric characteristics.

4.7.1 Income quintile
As Figure 20 demonstrates, women in the higher income quintiles were more likely than
those in the lower income quintiles to be referred for AMA caunselling or to have

invasive testing (QI represents the poorest group and Q5 the wealthiest). Interestingly,
not only was a larger proportion of women fiom higher income quintiles referred. but
they were also comspondingly more likely to have invasive testing.
Figure 20. Relationship between income quintile and referral
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within a given income quintile. The group that had invasive testing is a subset
of the "referred" group. The graph shows the proportion of quintile x that had
invasive tcsting i.e. 20.4% of women in income quintile 1 had invasive testing.

~

For example, almost 40% of women fiom the wealthiest quintile had invasive testing and

this represented 79% of refends fiom that quintile (Table 35). By contrast, only 20% of
women fiom the poorest income quintile had invasive testing but this represented 62% of

referrals for genetic prenatal counselling.
Table 35.

Relationship between income quintile and referrdinvasive testing

(% = proportion of Q* womenhotal for that income quintile)

Income
quintile

Haâ IGPT

Referred

Not referred

% of Quintile

% of referred in

that quintile
62.2%
72.5%

20.4% (295)
32.8% (474)
34.9% (476)
25.3% (345)
65.1% (888)
,Q2
37.1
%
(568)
70.6%
26.2%
(401)
62.9% (961)
,Q3
75.90/0
32.8% (61 1)
56.8?40(1,059) 43.2% (805)
44
79.0%
50.9% (1,082) 49.1% (1,044) 38.8% (825)
, Qs
0.79
0.67
0.55
Ratio QlIQ5- 1.32
50
60
55
50
Missing
2,527
3,422
2,527
5,020
Total
Referred:
not
referred:
p=0.00
1
xL
Referred (no IGPT):had IGPT : p-0.001
- The ratio is the percentage of AMA women in Q1 divided by the percentage for Q5
, Ql

67.2% (970)

1

1

I

,

1

1

4.7.2 Regional distribution
Women from urban areas were almost twice (1.8 times: 45.1125.5) as likely to be referred

for genetic counselling (Table 36). However, once referred, these women were no more
likely to have invasive testing than were women fiom nual regions. Probability of IGPT

once rrferred: 73.5% urban (2,1001 2,857) and 73.9% (3771510) rural.

Figure 2 1. Region of residence, refenal and invasive prenatal diagnosis

Relationship between urbadnual residence and refendinvasive testing
(% = % of urban/rural pregnancies that were referred etc)
Referred
Wad lGPT
Not referred
% of referred
% of total
urban/rural
urban/niral
' Urban
54.9% (3,472) 45.1% (2,857) 33.2% (2,100) 73.5%
73.9%
18.9% (377)
74.5% (1488) 25.5% (5 1O)
Rural
Missing 60
55
50
3,422
2,527
Total
5,020
Referred: Not referred
p0.00 1
xL
1
1 Referred (no 1GPT):Had IGPT p=O.OOl
Table 36.

?

I

I

1

Mean age at tem was comparable across urban and rural groups (urban 36.7 years, rural
36.8 years, p=0.138). Women who were referred tended to be about five months older

than those who were not referred (37.0 vs. 36.6, p=0.0001).

4.7.3 Matemal age
Figure 22 shows the distribution of matemal ages across the three analysis groups. Age
distributions for both the referredhot refened groups and the "had invasive
testing"/"referred but no invasive testing" groups differed significantly (Table 37). Far
fewer of the women who would be 35 at term were referred for counselling than was the
case for older women. Referral rates within each age group appeared to increase as
matemal age increased up to 40 years of age and then declined. This apparent reduction
was, however, complicated by a concomitant decrease in the number of pregnant women

making interpretation of this data dificult. Approximately 70% of the women who were
referred had invasive testing. Though this varied somewhat, evidence of a trend was not
convincing because of the small number of women in the higher age groups

Table 37. Matemal age at EDC for the thrce analysis groups
% = % of age group
Had IGPT
Total
Refernd
Matemal age at EDC Not refened
69.0% (2,125) 3 1 .O% (955) 21.4% (658) 3,080
35
1,799
54.5% (979) 45.5% (820) 34.2% (616)
36
1,215
35.2%(428)
45.2%(549)
54.8%(666)
37
53.6% (465) 46.4% (402) 34.4% (298) 867
38
50.7% (308) 49.3% (300) 38.0% (231) 1 608
39
5 1 .O% (177) 49.0% (1 70) 37.8% (1 3 1) 347
40
41.5% (100) 30.7% (74) 24 1
58.5% (14 1)
41
, 55.8% (77) , 44.2% (61) , 36.2% (50) , 138
42

I

'

-

46+
Total
xL

-

46.7% (7)
5020

53.3%

(8)

'

20.0%

(3j

'

!
I

1

IS

3422
2527
Refend: not refernd: p=O.OO 1

Referred (no IGPT):had IGPT:p=0.001

I

Figure 22. Patterns of referral and invasive genetic testing by matemal age at EDC

The population was exarnined to detemine the likelihood of referral for women who
were 35 and 36 years of age at term, since it is somewhat counterintuitive that eligibility
for prenatal testing for advanced matemal age would be based on matemal age at term
rather than, perhaps, matemal age at LMP. A large proportion of women who are 35
years of age at terni are 34 during much of their pregnancy. Referral rates were
exarnined to see if they were lower in women who were not yet 35 during much of their
pregnancy.

Figure 23 shows that the likelihood of refend increases with the length of timc that the

woman was 35 years of age during the pregnancy (Table 38). Only 25% of women who
would have just tumed 35 y e m of age at terni were referred i.e. those who were 35

'/12

years of age at tem, compared to 42% of those who were 36 '112 years at term. The
former would have k e n 34 years of age when refened for counselling.

When the data on refends were examined for women who were 36 years at terrn (Le.
who had already have crossed the "35" year threshold), the rate was relatively static

between 40-50'36 ( F i p ?3), unlike that seen for the 35 yem olds. It would appear that
once a woman was obviously of "advanced maternal age" based on her age at the time of
referral, referral rates did not Vary substantially within that one year penod. This was
examined for women aged 38 at terni and a similar pattern was seen (Table 38).

Figure 23. Referral rates by maternal age at EDC around the "threshold" for invasive
prenatal diagnosis

Table 38.

Proportion of women aged 35 and 36 years at EDC referred for genetic counselling by the nurnber of months p s t
materna1 birth rnonth

At E N ,

nwnber of
months ôeyond
birth month

Had invasive testing

.

.

48.5% (33)
57.1% (28)

i 28.0% (53 j

1 31.9%(51)

.

-

31.6./0(42)
37.7%(46)

red % = Referredhot referred + referred
le testing % = Had IGPT/not referred + referred

-

6.1%(189)
5.2%(160)

-

7.40/0(133)

6.8%(122)

'

M e n refettals were examined by materna1 age and region of residence, referral rates
fiom urban areas for the "35 years at term" group were comparable to those seen for rural
women aged 36 or 38 years at EDC (85.1% vs. 83.2% and 83.6% respectively).
Examined by income quintile, the proportion of women from the highest income quintile

(Q5)decreased as the matemal age increased (32.4% vs. 3 1.O% and 27.7% respectively).

4.7.4 Gestation at first prenatal visit

By 15 completed weeks' gestation, 73.2% of the women who were not referred for
genetic counselling had had a prenatal visit compared to 86.7% in the referred group
overall and 88.0% in the invasive testing group (Table 39). The latter two groups had a
similar distribution for gestation at first prenatal visit, distinct from that of the "not
refened" group (Figure 24). Mean gestation at first prenatal visit was 13.2 weeks in the
"not referred" group and 10.9 weeks in the referred group @<0.001). Within the referred
group, rnean gestation at first visit for women who had IGPT was 10.8 weeks and 12.9
weeks for those who decided not to have IGPT @<0.001)

When examined by region of residence, mean gestation at first prenatal visit was 15.0

weeks for the nual "not referred" group and 12.4 weeks for the wban group @=0.0001).
Similarly, women who were referred tended to have their first visit earlier: 11.4 weeks for
the rural group and 10.8 weeks for the urban group (p=O.O 14).

Gestation at first prenatal visit: relationship between referral and testing
% = # referred at x weeks gestation/total in group
Had IGPT
' Weeks gestation
Not referred
1 Refemd

Table 39.

1

.

L

1-5 weeks
6- 10 weeks
11-15 weeks
16-20 weeks
2 1-25 weeks
26-30 weeks
31-35 weeks
36-40 weeks

Missing
Total

B

xL
.-

....

2.9%
40.0%
30.3%
12.7%
5.4%
3.2%
2.3%
1.6%
1.7%
5020

(144)
(2008)
(1521)
(636)
(269)
(160)
(1 14)
(80)
(88)

4.4% (150)
50.6% (1733)
31.7% (1085)
9.0% (308)
1.7% (57)
0.7% (24)
0.4% (15)
0.4% (12)
1.1% (38)
3422

Referred: Not-referred
Referred (no IGPT): had lGPT

-. - .-

4.4% (1 12)
5 1.O% (1288)
32.6% (825)
8.8% (222)
1.3% (32)
0.6% (14)
0.4% (1 1)
0.3% (8)
0.6% (1 5)
2527
p=O.OO 1
~=0.001

1

I

1

Women whose first prenatd visit was between 6-10 weeks gestation were 1.4 times more
likely to be referred than those whose first prenatal visit was between 16-20 weeks (95%

CI: 1.3,1.6) and 2.6 times more likely to be referred than those whose first prenatal visit
was between 2 1-25 weeks (95% CI: 2.1,3.4).

Figure 24. Gestation at fiat prenatal visit by referralAGPT s t a t u

4.7.5 Physician contact in early pregnancy

For the purposes of this study, early pregnancy was defined as the first 15 weeks of
gestation. This was done to capture events that might influence the decision to be
referred for genetic counselling or to have invasive prenatal testing.

Overall,

approximately 20% of AMA women had not seen a general practitioner or an obstetrician
by 16 weeks gestation, 53% had seen a yrneral practitioner and 27% Iiad at least one visit

with an obstetrician (Figure 25).

Figure 25. Proportion of women seeing a general practitioner or an obstetrician by 16
weeks gestation

Approximately 25% of the "not referred" group had no prenatal visit recorded by 16
weeks gestation (Figure 26, Table 40). This compiued to 12.2% in the "referred" group
and 11.4V0 in the group that went on to have invasive testing. Women who saw an
II2

obstetrician were almost twice as likely to be referred as those who saw a general
practitioner (33.8% [1,480/4,383] referred by general practitioners vs. 65.9%
[1,488/2,258] for obstetricians, p=0.001).

Figure 26. Physician contact in the first 16 weeks of pregnancy

Similady, a higher proportion of the women who were referred and went on to have
invasive testing had seen an obstetncian before 16 weeks gestation (82.9%[1,233/1,488]
versus 67.0% [992/1,480] for women who were refenrd for counselling by general
practitioners; p 4 . 0 0 1).

Table 40. Physician contact in the first 15 weeks of pregnancy
(% = % of column total)
Not referred

prenatal visit in 25.1% (1 259)
the first 15 weeks
57.8% (2903)
' Saw a general
practitioner
Saw an obstetrician 1 5.3% (770)
NO

Missing
Total
xL

Referred

Had IGPT

12.2% (416)

1 1.4% (287) 19.8% (1 675) '

Total

43.2% (1 480) 39.3% (992) 5 1 .% (4383)

43.5% (1 488) 48.8%
(1 233)
0.6% (15)
1.1% (38)
1.8% (88)
2527
3422
5020
Referred: not referred
p=O.OO 1
Referred h o IGPT): had IGPT ~=0.001
1

L

26.7% (2258)

1.5% (126)
8442

Figure 27 describes the refened and not-referred groups by income quintile and physician
contact in the first 15 weeks of pregnancy. The women who had not had a prenatal visit
in the first 15 weeks of gestation were predominantly from the lowest income quintile

(p=0.001). This group comprised 24.7% (40811,655)of the no prenatal visit group, and
women from the highest income quintile represented 18.7% (3 1011,655). Women who
had seen either a general practitioner or an obstetrician and were fiom the highest income
quintile were more likely to be referred than those from the lowest quintile @=0.001).
However, the difference in refend rates between the lowest and highest income quintiles
was larger for AMA women who had seen an obstetncian before 16 weeks of pregnancy,

with 69.7% of women in the highest incorne quintile who saw an obstetrician being
referred, but only 56.7% of those in the lowest income quintile @=0.001). This
represented 24.6% (516/2,098) of women in the highest income quintile king referred
but only 1 1.1% (1 57/1,414)of women in the lowest quintile (Table 4 1).

Figure 27. Prenatal visits before 16 weeks gestation by income quintile and referredhot
referred

Table 4 1. Prenatal visits before 1 6 weeks gestation by income quintile and referral status
(% = % of row total within each category)
Saw an obstetrician
Saw a general
No prenatal visit
practitioner
Not
- Referred
Not
Referred Not
Referred
referred
referred
referred
19.6%
68.6%
3 1.4%
43.3%
56.7%
Quintile 1 80.4%
Quintile 2
Quintile
3
Quintile 4
Quintile 5

(328)
80.3%
(256)
77.1%
(243)
72.3%
(2 19)
64.8%

(80)
19.7%
(63)
22.9%

(500)
69.8%
69,00/0

(229)
30.2%
(22 1)
3 1 .O%

(72)

(569)

(256)

27.7%
(84)
35.2%

65.3%
(643)
6 1 -4%

34.7%
(34 1)
38.6%

(5 10)

(120)
34.1%

(98)
36.6%
(135)
33.4%
(187)
30.3%

(157)
65.9%
( 189)
63.4%
(234)
66.6%
(373)
69.7%

Average age at terni across the income groups was examined to sec if the women in
higher income groups were older and so might be more likely to pursue referral (Table

42). This did not appear to be so, indeed, the average age of women in the highest
income quintile was slightly lower than that seen in the lowest income quintile. As
expected, across al1 income quintiles the average age of women who were referred was
higher than that of those who were not referred.
Table 42.
Quintile

Age
- at EDC by income quintile and referredhot referred
Average age at EDC (years)
Not referred 1 Referred 1 Had IGPT
Overall

When this relationship was exarnined by region of residence, there were notable
differences in the referral patterns both across specialties and region (Figure 28). General
pnictitioners appeared to be more likely to refer urban AMA women for genetic
counselling than nird women (23.9% of rural women who saw a general practitioner
were referred vs. 36.9% of urban women; p=0.001;Table 43). However, this distinction
was less so for obstetricians, who were approximately as likely to refer urban as rural

AMA women (61.7% of rural women who saw an obstetrician were referred vs. 66.4% of

urban women p=0.129).

Figure 28. Prenatal visits before 16 weeks gestation by physician type,residence and
referral status
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Table 43. Prenatal visits before 16 weeks gestation by physician type, residence and
referral status
(% = % of row total within each category)
Saw a general practitioner Saw an obstetrician
No prenatal visit
Referred
Not
Not referred Referred Not referred Referred
referred
6 1.7%
38.3%
76.1%
23-9%
12.2%
Rural 87.8%
Urbm

(540)
68.0%
(707)

(75)
32.0%
(333)

(8 14)
63.1%
(205 1)

(255)
36.9%
(1 197)

( 106)

33.6%
(658)

(171)
66.4%
( 1298)

These trends across region of residence and income quintile can be summarised as

follows (Table 44): (1) Rural women fiom the lowest income quintile were most likely
not to have had a prenatal visit before 16 weeks gestation and urban women h m the

-

highest quintile the least likely. (2) Rural AMA women in the lowest income quintile
who saw a general practitioner in the first 15 weeks of pregnancy were less likely to be

referred for genetic counselling than poor urban women or their wealthier counterparts
irrespective of region of residence. (3) Urban AMA women in the highest income
quintile were much more likely to be referred for genetic counselling, particularly if they
çaw an obstctrician before the 16' week of pregncincy. (4) Generd practitioners referred

approximately the same proportion of women irrespective of incorne or residence, with
the exception of poor rural women who were substantially undenepresented.

Table 44. Prenatal visits before 16 weeks gestation by referredfnot referred for the
highest and lowest income quintiles
(% = % of row total)
Saw an obstetrician
No prenatal visit before Saw a general
practitioner
16 weeks
Not referred 1 Refmed Not referred 1 Referred Not referred 1 Referred
Quintile 1
1 Urban 1 18.3% 1 5.6Y0 1 32.9% 1 18.1% 1 9.6% 1 13.5%
'

‘

1

RU^ 1
I

Quintile 5
Urban

R d

'

A

'

(194)
35.2%

7.4%
(122)
16.5%
(79)

(60)

TSTR
5.6%
(93)

TSTR

(352)
39.5%

(193)
TSTR

29.8%
(49 1)
31.8%
(152)

19.1%
(3 14)
19.0%
(91)

( 103)

(144)

TSTR

TSTR

10.8%
( 178)

26.1%
(340)
18.0%
(86)

TSTR
-

Note:TSTR: numbers are not reported for this cell for reasons of confidentiality, as they
are too small to report. ~ l s othose
,
women with no prenatal visit before 16 weeks
that were referred for counselling will have been referred afier 15 weeks gestation.

'

1

.
l

4.7.6 Complications of prepnancy and prenatal patients with a poor obstetric history .

It appeared that women who had early complications of pregnancy were not
preferentially referred for counselling (1 1.8% had early complications in the "not
referred" group vs. 12.2% in the "referred" group, p=0.520), but they were significantly
less likely to have invasive genetic testing (1 6.0% had early complications in the referred
group that did not have invasive genetic testing vs. 10.9% in the had IGPT group,
p=0.001) (Table 45).

Complications of pregnancy: relationship between refend and testing
(% = % of group with complications)
Had IGPT
Referred
Referred- Not referred
no IGPT
12.2%(41 8) 16.0%
10.9%
1 1.8% (590)
Early
Yes
pregnancy
(143)
(275)
complications No
89.1%
84.0%
88.2% (4,430) 87.8%
(2252)
(3,004)
(752)
Referred: not referred:
p=0.520
xL
Referred (no IGPT):had lGPT p=0.001
Table 45.

'

1

-

Since the AFP data included information on bleeding early in pregnancy, this was
compared to the nurnbers obtained frorn the hospital and medical claims (See Appendix 1
for coding details). The AFP data was likely to be relatively accurate since active or
recent bleeding can affect the AFP value, altering the interpretation of the test. There
were 518 instances where bleeding had k e n noted on the AFP requisition and only 96 of
these could be found in the claims data. Conversely, eightytight women had a claim
indicating an early bleed that had no counterpart on the AFP record. It would appear

fiom these data that early complications of pregnancy are potentially underestimated in

the claims &ta.

The relationship between poor obstetric history in hospital or medical claims and referral
indicated that such women were more likely to be referred, @=0.001, Table 46) but less
likely to have prenatal testing (p=0.003). Again, the number of cases was low and this
circurnstance may be under-reported in the claims.

Table 16. Poor obstrtriç history: relationship between referral and testing
(% = % of group with complications)
Referred
Referred-no Had IGPT
Not referred
testing
4.4%(39)
7.2% (1 8 1 )
6.4%(220)
Poor
Yes 2.4% (1 22)
obstetric ' No 97.6% (4,898) 93.6%(3,202) 95.6% (856) 92.8% (2,346)
history
1
1
1
Referred: not referred
p-0.00 1
xL
1
1 Referred (no IGPT):had IGPT p=0.003

,

1

4.7.7 First Nation cornparison

Wornen who did not have Treaty First Nation status were more than twice as likely (95%

CI: 1.8,2.6, p=0.001) to be referred for genetic counselling than those who did, with only
19.2% of AMA women with First Nations status king referred compared to 4 1.8% of
non-First Nations women (Table 47). Similady, women who were not identified as
having Treaty First Nation status were almost three times as likely (95% CI: 2.1,3.5) to
have invasive prenatal testing than those who had First Nation status (Proportion having

IGPT First Nations: 1 1.5%; Non-FN: 3 1.O%, p=0.001). Once referred for counselling,
First Nations women were still less likely to choose to have invasive testing: 60% vs.
74% (p=0.002).

First Nationshon-First Nations: relationship between referral and testing
1
1 Not referred 1 Referred
[ Had IGPT
1
2.7% (92)
2.2% (55)
First Nation 7.7% (387)
Non-First
92.3% (4633) 97.3% (3330) 97.8% (2472)
Nation
5020
3422
2527
Total
xL
Referred: Not referred
p=O.OO1
1
1 Referred (no IGPT): Had IGPT i 0 . 0 0 2
1

Table 47.

I

It must be remernbered that it is dificult to identifi aboriginal peoples in the

administrative data: only approximately two thirds of those individuals who have Treaty
status can currently be identified: There is a documented bias towards an older male
population and a severe undercounting of women under 50 years of age (Pat Martens,
personal communication). Additionally, Treaty Status (as defined under the terms of the

1876 "Indian Act") does not include Mdtis or Inuit people, consequently, such individuals
cannot be identified in the administrative data.

4.7.8 AFP Screeninq
Figure 29 describes the distribution of the income quintiles across women who had/did
not have AFP screening and by whether the woman was referred for genetic counselling
or not.

For those women who had AFP screening and were referred for genetic

counselling (Table 48), the income distribution closely follows that seen in refenals for
genetic counselling (Table 35). This is not surprising since most of the women who have
genetic counselling will also have AFP screening. In the group that had AFP screening
but who were not referred for AMA counselling, the proportion of individuais fiom each
income quintile was appmximately equivalent (around 32%).
121

Figure 29. AMA AFP Screening by income and referral status

In the referred group that did not have AFP screening (n=167, Table 48), the numbers
were small, but the income distribution appews similar across quintiles. These cases
probably represented women referred for genetic counselling late in pregnancy, or where
a problem was found in the fetus and where AFP screening would not k appropriate.

The group that did not have screening and was not referred (n=2,225), was of particular
interest since it represented 26% of the total study population. A significant difference
was seen across income quintiles @=0.001). It appears that not only were you less likely

to be referred for AMA genetic counselling if you were in a lower income group, but that

you were also less likely to have AFP screening.

Table 48. AMA AFP screening by income quintile and referml status
Total
Had AFP screening
- Not screened
Not referred Referred
Income
Not referred Referred
quintile
1,444
31.5%(455) 30.0%(433) 35.7%(515) 2.8%(41)
1
1,364
30.2% (412) 33.2% (453) 34.9% (476) 1.7% (23)
2
1,529
33.4% (5 1 1) 35.3% (540) 29.4% (450) 1.8% (28)
3
1,864
34.0% (633) 41.6% (775) 22.9% (426) 1.6% (30)
4
1
6
.
8
Y
o
(358)
3
4
.
1
%
(724)
47.00/0
(999)
%
(45)
2,126
2
.
1
5
167
8,327
2,735
3.200
2,225
'

From Table 49,it appears that the group that did not have screening and was not referred
was predominantly urban (58.6%), reflecting the different proportion of AMA
pregnancies in urban and rural constituencies. M e n these data were examined fiom the
perspective of referral rates following AFP screening, it appeared that urban and rural
women were equally likely to be referred following AFP screening (55.6% urban, 46.1%

wal). However, only 2.6% (25/947) of rural women who did not have AFP screening
were referred for genetic counselling, compared to 9.8% of urban women @=0.00 1).
Table 49.

AMA AFP screening by residence and referral for cowiselling

% = Nwnber of referrednon referred rural/urban AMA women/total for that group
-

Had AFP screening
Referred for genetic counselling
Not referred
Total
Referred for genetic counselling
Not referred
Total

Urban
55.6% (2,7 15)

44.4% (2,169)
4.884
Not screened
9.8% (1 42)
90.2% ( 1,303)
1,445

Rural
Total
46.1% (485) 3,200
53.9%(566) 2,735
1 ,O51
5,935

2.6% (25)
167
97.4% (922) 2,225
947
2,392

,

,

The proportion of women with a higher than age-related risk of Down syndrome from

AFP screening was examined by region of residence, and it was found that only 53.3%
(16713 13) of nual women at increased risk were referred for counselling compared to
62.00/0(8Wl44 1) of urban women @=0.005).

When AFP screening was examined by provider, 20% (838/8,5 16) of women liad not yei

had a prenatal visit by 16 weeks gestation, 27% (2 121/83 16) had seen an obstetrician on
at least one occasion and the remainder, 53% (303 1/83 16) had seen a general practitioner
regarding pregnancy. As Table 50 shows. AFP screening was highest for those women
who had seen an obstetrician, with 93.9% (2121/2258) of women who saw an
obstetrician having AFP screening. This compared to 69% (303 1/4383) of women who
saw a general practitioner and 50% (8384675) of those women who had not yet had a

prenatal visit by 16 weeks gestation.

Table 50.

AMA AFP screening by provider (up to 15 weeks gestation) and referral

status
Y0 of colurnn total)
1 No prenatal visit 1 general practitioner
~criened Not
~creeied Not
screened
screened
3.1%
8.1%
46.5%
45.2%
Referred
(1,371)
(26)
(390)
(109)
91.9%
96.9%
54.8%
Not referred 53.5%
(1,243
(1,660)
(448)
(811)
837
3,03 1
1,352
Total
838
1,675
4,383
Total
% screened I
50.0%
1
69.2%
(Y0 =

1

*

obstetrician
Screened
Not
screened
69.6%
8.8%
( 1,476)
30.4%

,

(645)
2,121

1

(12)
91.2%
(125)
137
2,258
93.9%

Figure 30. AMA AFP Screening by provider and referral status

4.8

PREDICTINGREFERRAL FOR COUNSELING AND UPTAKE OF INVASIVE GENETIC
PRENATAL TESTlNG

Muhivariate modelling of the relationship between referral and the explanatory variables
described in Table 10 was performed using multiple logistic regression. The same
procedure was used to mode1 predictoa of invasive genetic testing both for the
population as a whole, and for the group that was referred for counselling.

Prior to performing the regression, the variable distributions were examined. Three age
groups were considered in the regressions: age 35 at tenn, ages 36-39 and ages 40 and
over. As demonstrated in Figure 31, women 35 years of age at term clearly diRerd fiom
IZJ

the rest of the population, however, dramatic differences were not seen across other age
groups (with the exception of the 46+ year-old category, however this was a composite

due to small nurnbers in each individual age group), thus the division of the rest of the
population into two subgroups was arbitrary.

Figure 3 1. Relationship between age at term and refenal or invasive genetic prenatal
testing

Table 5 1. Probability of referral or IGPT based on age at EDC
' Age in years
Probability of referral Probability of IGPT - Probability of IGPT if '
at x years at EDC
referred
at x years at EDC

The logistic regressions for refenal and genetic testing in the AMA cohort were based on
8,205 observations, excluding (censoring) 237 records with missing values. The latter
represented 1 15 records without a postal code and 126 whose prenatal visit status by 16
weeks was unknown. The tegression modelling predicton of invasive testing following
referral for genetic counselling was based on 3,329 observations, excluding 93 censored
values.

4.8.1 The AFP problem

The effect of the AFP screening variable dorninated d l analyses and was consistently the
most important predictor both of referral or uptake of invasive testing (see Tables 52, 53
and 54). However, since 98.4% (Figure 17) of women referred for genetic counselling
also had AFP screening, the screening variable was highly correlated with refend and

must be considered biased.

This variable might have been "salvageable" had it been

possible to elucidate the temporal sequence of refenal and screening, udortunately, this

was not feasible since the data did not permit distinguishing woman who had actually had

genetic counselling from those who had been referred but had not been counselled.
Consequently, the logistic regressions were repeated excluding this variable.

The

exclusion of the screening variable did not precipitate a dramatic change in most of the
significant ternis, odds ratios or p values.

A derived variable, which indicatcd an increased Down syndrome risk following AFP

screening, was retained since (although almost al1 women who were referred had the AFP
screen) 54% of women who had not been referred had had AFP screening. The
proportion of screened individuals receiving an increased D o w syndrome risk following

AFP screening was roughly equally distributeci between women who were referred and
those who were not, with 28% of women who were referred having an increased Down

syndrome risk and 21% of those who were not referred (Figure 17). Complete results

fiom the refend and uptake of invasive testing logistic regressions are presented in
Appendix 5.

Table 52. Predictors of referral for genetic counselling
lncluding AFP screening Not including AFP
variable
screening variable
OR (95% C.I.) p value
OR (95% C.I.) p value
Individual characteristics
36-39

'

2.3

2.4 (2.1-2.7) 0.0001
2.3 (2.0-2.8) 0.0001
1.6 (1.4-1.8) 0.0001

40+

Residence
Quintile 4
Highest income quintile
Obstetric characteristics
Saw obstetrician before 16
weeks
Saw a general practitioner
before 16 weeks
Poor obstetric history
AFP screening
t DS risk fiom screening
Early complications of
pregnancy

2.2
1.9
1.2
1.6

--

1.4 (1.2-1 A)

0.0001

"

(2.1-2.5) 0.0001
(1.8-2.6) 0.0001
(1.7-2.2) 0.0001
(1.1-1.5) 0.008
(1.3-1.8) 0.0001

2.5 (2.2-2.8) 0.0001

-1.6 (1.3-2.1) 0.0002
1 1.5 (9.6-13.8) 0.0001
1.6 (1.4-1.8) 0.0001
-O

Table 53. Predictors for the uptake of genetic testing in the AMA cohort

1

Including AFP screening Not including AFP
variable
screening variable
OR (95% C.1.) p value 1 OR (95% C.I.) p value

Individual characteristics
Residence
Quintile 4
Highest income quintile
Obstetric characteristics
Saw an obstetrician before
16 weeks
Saw a general practitioner
before 16 weeks
Poor obstetric history
AFP screening
f DS risk h m screening
Early complicationsof
PremancY

1.3 (1.1-1.5) 0.0004
1.5 (1.2-1.8) 0.0001
1.8 (1.5-2.1) 0.0001

'

1.7 (1.4-1.9) 0.0001
1.5 (1.3-1.8) 0.0001
1.9 (1.6-2.3) 0.0001

2.8 (2.5-3.2) 0.0001

4.9 (4.1-5.7) 0.0001

--

1.3 (1.1-1.5) 0.0006

1.6
25.3
1.6
0.7

(1.3-2.1) 0.0001

1.9 (1 5 2 . 4 )

1

0.0001

(18.3-34.9) 0.0001

-9

(1.4-1.8) 0.0001

2.5 (2.2-2.8) 0.0001

(0.6-0.9) 0.0002

0.7 (0.6-0.9) 0.0002

4
t

Table 54. Predictors of uptake of invasive testing for referred AMA women
Including AFP screening Not including AFP
variable
screening variable
1 OR (95%C.I.) pvalue 1 OR (95% C.I.) p value
Individual characteristics
1.5
1.5

36-39
40+

(1.2- 1.8) 0.0001
(1.1-2.0) 0.009

Residence
1 Quintile
4
1 1.6 (1.2-2.1) 0.0005
1 Hiahest income quintile 1 1.9 (1.5-2.5) 0.0001
Obstetric characteristics
Saw an obstetrician before 2.0 (1.7-2.4) 0.0001
16 weeks
' Saw a general practitioner -before 16 weeks
Poor obstetric history
6.5 (4.4-9.5) 0.000 1
AFP screening
1.3 (1 .O-1.5) 0.02
7 DS risk from screening
0.6 (0.5-0.8) 0.0001
Early complications of
O-

1

o.

1.5 (1 2-1.7)
1.4 (1.1-1.8)

0.0001
0.0194

.O

1 1.7
1 2.0

(1.3-2.1)
(1.6-2.5)

0.0001
0.0001

2.3 (2.0-2.7)

0.0001

--

--1.4 (1.2-1.7) 0.0001
0.6 (0.5-0.8) 0.0001

In the referral portion of the analysis, ternis that were affected by the rernoval of the AFP
screening variable were "seeing an obstetrician before 16 weeks gestation" and "Down
syndrome risk increased over age-related risk".

1

The odds ratio for both of these

increased: fiom 2.5 to 4.7 for seeing an obstetrician and from 1.6 to 2.7 for an increased
Down syndrome risk over the age-related risk. A similar change in odds ratio for these
variables was seen in the logistic regression that evaluated the uptake of genetic testing in
the AMA population. When factors influencing the uptake of invasive testing in the
referred population were examined, the only major differences seen were that age 40+
became a less significant predictor of invasive testing; p=0.02 with an odds ratio of 1.4 as

compared to an oûds ratio of 2.2 @=0.0001) for refend and one of 2.3 @-0.0001) for
invasive testing in the AMA population. Similarly, the odds ratio for "elevated Dom

1

1

syndrome risk over age-related tisk" was lower for the regression modelling invasive
testing following referral, at 1.4 @=0.0001) versus 2.5 Q~0.0001)for both referral and
predictors of invasive testing in the entire AMA group.

In the following, the results of

the logistic regressions that excluded the AFP screening variable will be discussed.

The iogistic regression for referrai for genetic counselliny determined 8 of the 14 terms to
be significant at the 0.0001 level (see Table 52): in order of importance these included

seeing an obstetrician before 16 weeks gestation (OR 4.7, 95% C I : 4.1-5.5), a Down
syndrome risk (fiom AFP testing) that was increased over the age-related risk (OR 2.7,
95% CI: 2.4-3.1), maternai age at term of 36-39 or 40+ years (OR 2.3, 95% CI: 2.1-2.5

and OR 2.2, 95% CI 1.8-2.6 respectively), urban residence (OR 1.9, 95% CI: 1.7-2.2).
poor obstetric history (OR 1.9, 1.5-2S), being in the highest incorne quintile (OR 1.6,
95% CI: 1.3-1.8) and seeing a general practitioner in the first 15 weeks of pregnancy (OR

1.4, 95% CI: 1.2-1.6). Belonging to the fourth (second wealthiest) income quintile was

significant at p=0.008 (OR 1.2), but women in the second and third income quintiles did
not differ significanily fiom those in the lowest (reference) group. However, when the
income quintiles were added jointly, the overall statistic was significant at p=0.0001.

The iogistic regression for the uptake of invasive genetic testing among AMA women
generally showed very similar effects as in the referral regression. Major differences
included that income quintile 4 was also a significant predictor of invasive testing (OR
1.5,95% CI: 1.3-1.8), and a significant negative association between early complications
in the cumnt pregnancy and invasive testing (this was also seen in the analysis of

invasive testing following referral for genetic counselling), with an odds ratio of 0.7
(p=0.0002) for the former and 0.6 Q~0.0001)for the latter.

There were fewer predicton of invasive testing following referral for genetic counselling,
the most important of which was seeing an obstetrician before 16 weeks gestation (OR

2.3 95% CI: 2.0-2.7).

interestingiy, seeing a pneral practitioner befort! 16 werks

gestation was no longer significant at the 0.0001 level, nor was urban residence or poor
obstetric history. Belonging to income quintiles 4 or 5 was still highly significant (OR
1.7 and 2.0 respectively). Being 40+ years of age showed a weaker relationship to

invasive testing than it did to referral. Finally, having a Down syndrome risk that was
increased over the age-related risk was still significant, but the odds ratio was lower for
invasive testing once refemd (odds ratio 1.4, 95% CI: 1.2-1.7) than for referral (odds
ratio 2.7, 95% CI: 2.4-3.1) or as a predictor of invasive testing in the entire AMA
population (odds ratio 2.5,95% CI: 2.2-2.8).

CHAPTER 5 : DISCUSSION

THEFlNDlNGS IN PERSPECTIVE
This chapter sumrnarises the study findings, frarning them with respect to existing
knowledge. The validity of the study is discussed, commenting on strengths and
weaknesses of the study design. Finaliy, suggestions Tor program changes iuid directions
for fiiture research in this area are considered.

5.1 RECORDLINKAGE ISSUES
In order to be useful for analysis purposes, databases must be accurate and complete,
serve a well-defined population, and contain comprehensive data on al1 persons in the
study population.

In the c w n t study, record linkage has k e n successfully

accompiished across the three datasets despite the technical complexity of identiQing and
linking to the correct pregnancy. Extemal reports (such as those fiom Statistics Canada
and surnmary statistics from the Section of Genetics & Metabolism) provided an
opportunity to independently verifi the appropriateness of the linkages as did the ability
to cross check identifiers across datasets (i.e. using the AFP file number as a cross
reference to the Genetics dataset).

Each dataset presented specific challenges: the primary obstacle to generating the

administrative AMA cohort was detertnining matemal age at term, given that the date of
last menstnial period was not available on that dataset. This was of particular concem for
that group of women who would have k e n 35 years of age at tenn, but who were 34

years of age for a portion of their pregnancy. A simple solution; including ail pregnant
women who were 34 years of age in the AMA cohort, would have ensured complete
ascertainment of women 35 years at term. However, this would also have resulted in an
underestimation of both referral and testing rates since some of the 34 year old women
would still be 34 years at terni and thus not eligible for prenatal diagnosis. This potential
problem as circumvented by determinhg materna1 agc at tcm using thc rnatcmal date

of birth in concert with the date of delivery and gestation at delivery.

In addition to the possibility that the cohort might overestimate the number of pregnant
women of advanced matemal age, there was also the possibility that a small number of
pregnancies, those where birth or termination records were absent fiom hospital files,
could be missed from the cohort. This circumstance could be due to:
(a)

an early miscarriage (without concurrent hospitalisation for a dilatation &
curettage)

(b)

the mother leaving the country or registering for health care in another province
before the birth of the child. However, if the mother moved within Canada she
would continue to be covered by Manitoba health care insurance for a period of 3
months afler leaving or until Manitoba Heaith was notified that she had registered
for health care in another province.

Cornparisons with Statistics Canada reports of AMA livebirths and social terminationswithin the limitations of somewhat asynchronous tirne frames-verified

that an

appropriate cohort had indeed been accurately generated, although early losses were
found to have k e n underreported. As a consequence of the early referrals required for

CVS counselling, information was available for a number of women whose pregnancy
could not be found in the administrative data. Forty-nine out of the 327 women, or 3 1%
of the 157 unlinked records for which there was additional information available, were
noted to have miscarried. Since it was not possible to determine at what point in
gestation miscarriages iook place, and as such records had less information than
continuing pregnancies, both miscaniages and social terminations were rxciudrd from
the main analyses. Few of the administrative datasets used in obstetric linkages capture

information on miscaniages or teninations. In a study which linked 1.4 million fetal
death and birth certificates to conslnict pregnancy histories, Adams et al. also found that
the small subset of records that were the most dificult to link tended to over-represent
groups with the greatest risk of adverse pregnancy outcornes (Adams et al., 1997b).

The materna1 senun screening cohort was perhaps the easiest to generate and link to the
administrative healthcare data both because of the quality of the data, in particulat of the
health care number, and the ease with which AMA women could be distinguished. Also,
since each pregnancy was assigned a unique AFP file number, distinguishing individual
pregnancies was not problernatic. Two attributes of the data did complicate the analysis
somewhat: (1) when more than one sample was received in a pregnancy, detennining

which record should be retained could be dificult. Devising an algorithm to pick a
record with sufficient information that had been drawn at the appropriate gestation was
challenging. (2) A large number of samples received a hand-written interpretation
("message 8"), the content of which was not captured in the database. Since this was the
case, the risk figures calculated by the interpretative program for Down syndrome and

neural tube risks were used and the presurned interpretation determined according to the
Manitoba Materna1 Serum Screening protocol (Figure 4).

The genetic appointment and laboratory databases proved the most challenging with
which to work. Both were keyed on kindred number and encounter-based-tten

with

muitipie records p r preynancy. Since data resided in separatr datasets (laboratory or

appointment) with little or no overlap, attcmpting to link the appropriate laboratory
record(s) to appointment record(s) was not a trivial task since a single identifier unique to
a particular pregnancy (such as date of last menstrual period) was rarely present on both
datasets.

Similarly, distinguishing individual pregnancies was not necessarily

straightforward. Though relatively easy to distinguish between pregnancies manually, it
was difficult to design an algorithm that would be robust in al1 circurnstances. This was

particulady problematic where a relative1y short period elapsed between pregnancies,
such as occurred when a miscaniage followed the referral for CVS counselling and the
woman became pregnant again relatively quickly.

Difficulties linking databases that describe pregnancies or their outcomes have been
previously described (Stanley et al., 1994; Holian, 1996; Olsen et al., 1996; Adams et al.,
1997a; Halliday et al., 1997) and the necessity of having an adequate understanding of

the data to avoid biologically implausible situations stressed (Stanley et al., 1994).
Where multiple records existed, deciding which record to retain was not always
straightforward. Since there were no field checks in the genetics database, incorrect
a d o r contredictory data could exist in the same record. Similarly, detennining which

test was perfonned on a given occasion, or the indication for the test, was complicated by
having multiple fields where this information could be entered, fiee-text entry and no
intemal data consistency checks. These features either have been, or could be easily be,
corrected irnproving data quality and the ease with which future projects could be
performed.

The number of refcrrals to the Section of Genetics & Metabolism ultimately determined
represents a slight overestimate as it includes at least 109 women (3.2% of the 3,422
AMA women referred for genetic counselling) who were of advanced matemal age but

had invasive testing due to an abnormal serurn screening result. These women were not

referred for routine genetic counselling, having been counselled as part of the senim
screening program. However, as they chose to have an amniocentesis, both a laboratory
record and an appointment record were generated.

To a limited extent, the datasets used in this study provided oppomuiities to verify that
the appropriate M a g e had been made. For example, kindred number, when known, was
entered ont0 the AFP record permitting verification that the AFP/Genetic database
linkage had identified the right woman. Similarly, AFP file number was sometimes
present both on the matemal serum screening record and in a comment field on the
laboratory dataset.

Although reasonable rates of linkage were achieved between and across the various

datasets, the data quaiity occasiodly limited potential data manipulations and analyses.

Specifically, it was not possible to obtain an independent estimate o î the number of
invasive prenatal tests perfomed fiom the hospital claims: due to block fùnding within
the department where these tests were perfonned, the claims data do not capture such
tests reliably. Additionally, data quality was not always optimal, as evidenced in the
under-representation of claims for bleeding early in pregnancy.

Such imperfect

concordance has k e n previously descrikd Tor coinmon inedical conditions such as

diabetes and hypertension in a linkage of the Manitoba administrative data to a large
health study (Robinson et ai., 1997). Bleeding early in pregnancy, though significant for
the interpretation of the materna1 serum screening test and therefore accurately noted,
may otherwise represent a relatively benign clinical situation so the motivation to capture
such information is limited.

Similarly, Treaty First Nation status is known to be

imperfectly captured in the claims data. Irrespective, the decision was made to include
variables such as these to obtain at least preliminary data on their impact on referral and
testing.

Overdl, a satisfactory linkage rate was obtained across al1 databases despite difficulties
identifjing individual pregnancies or selecting an appropriate record where more than
one was present (See Section 4.1). Performing this type of record linkage pennitted us to
examine a complete cohort of AMA women including their pregnancy outcornes and to
describe the choices made about prenatal diagnosis counselling and testing.

More

irnportantly, it pmitted a better understanding of the demographic and obstetric
characteristics of those AMA women who were not referred for genetic counselling.

5.2

STUDY DESIGN

This study is unique in permitting an insight into those AMA Manitoban women who do
not corne for genetic prenatal counselling. Such research is dificult since it requires
knowledge of the entire cohort of pregnant AMA women and such information is rarely
available. Manitoba is one of a very few jwisdictions where high-quality, complete and
cornprehensive genetic and administrative healthcare data exist jointly. Without linking
to population-based data, socio-demographic profiles can only be generated for those
AMA women who receive geneiic counselling.

Linked data, can provide a better idea of factors predictive of referral, as weil as
obtaining information about that group of women not referred for counselling. This will
be an invaluable tool to permit planning of educational sessions, or the targeting of

specific areas or barriers identified. Population-based studies such as the one described
in this thesis cannot provide the solution to the problems or circumstances they describe;
rather they serve as a "jumping off' point and may indicate areas where M e r
exploration might be useful. One such promising opportunity is the potentially beneficial
relationship that already exists between the Matemal S e m Screening Program and the
Section of Genetics & Metabolism. The former's established and extensive links into the
physician community might be further CO-opted to facilitate educating health care
providers about the provision of AMA genetic services. Having demonstrated that
linkages are feasible berneen the administrative healthcare data and the genetic and

screening databases, this study has also laid the groundwork necessary to monitor and
evaluate changes in AMA referral rates and patterns of matemal senun screening.

These findings are potentially generalizable to other constituencies but would be difiicult
to replicate because of the need for complete and accurate administrative healthcare and

genetic data. Though the nature of the health system, and specifically of genetic prenatal
services, in Manitoba permit a study such as this, the small number of pregnant AMA
women constrain the power of the study.

Other limitations of the current study are

obvious, such as the iack of data describiny whether an ofkr was made reyardiny referral

for genetic counselling. An ideal study would combine information on the process of
care with primary data fiom matemal interviews. However, this was not possible both
due to the retrospective nature of this study and, since the AMA cohort generated was
anonymous. it precluded the identification of these women.

There has k e n some investigation in this area locdly, notably a study by Grant
conceming the perceptions, attitudes and experiences of Manitoban AMA women
towards prenatal diagnosis (Grant, 1993) and a project by McLaren of the factors
affecting a women's decision to have prenatal diagnosis (McLaren unpubiished, 1999).
However, both studies were of women who had already made the decision to be referred
for genetic counselling and so are of limited value in understanding the factors that mighi
contribute to the decision to be referred for counselling.

5.3 CONCLUSIONS
REGARDING PREGNANCY OUTCOMES
As indicated earlier, the outcornes of pregnancy across the groups were appropriate
according to the chronology with which these events occurred. Overall, 69% of women
had a livebirth, 0.6% (72) had stillbirths, 16% had social terminations and 24 (0.2%) had
teminations of pregnancy for genetic or congenital reasons. These numbers compared
favourably to those reported by Adams et al. (1997a). Their study population of 1.4
million births had no data on pregnancies ending in terminations and they estimated that
approximately 50% of fetal deaths were not reported. In that population 86% of
pregnancies resulted in a livebirth and, once the under-reporting of fetal deaths was
conected, 14% in a fetal loss. Adjusting our population io exclude social terrninations,
81% of pregnancies in our cohort ended in a livebirih. Given that this population was

comprised exclusively of wornen of advanced matemal age, we would expect a lower
livebirth rate and a higher spontaneous loss rate than that seen in a population survey that
encompassed pregnant women irrespective of age.

The number of pregnancies dropped substantially with increasing matemal age.
Pregnancies canied to term showed a distinct income gradient with fewest AMA
pregnancies in the lowest h o m e quintile and most in the wealthiest quintile. The
miscarriage rate increased with increasing matemal age, but was comparable across
region of residence (1 7 urban vs. 15% mal) and income strata (QI 19.9% vs. QS 18.3%).

The proportion of social terminations also increased with increasing matemal age but was

higher for urban AMA women (15% urban vs. 9% rural) and poor AMA women (QI:

18.4% vs. QS: 10.3%). This was not due to a disproportionate representation of poor

urban women in the cohort; each income quintile contained equal proportions of urban
and nual women (Table 55).
Table 55: Regionai distribution within income quintiles
' Urban
' Quintile
Rural
19.4% (5 13)
18.3% (1,707)
1
16.8% (1,567)
16.8% (443)
2
20.1% (532)
18.3% (1,705)
3
4
20.5% (54 1)
22.0% (2,052)
24.6% (2,289)
23.2% (612)
5
Total
2.64 1
9,320
Missing
1 155

1

I

1

In this study, income had been considered as a proxy for socio-economic statupractice that is not unequivocal. The two main areas of concem are the appropriateness
of infemng a woman's socio-economic status using neighbourhood income and whether
this methodology is equally appropriate in both urban and niral populations. The former
was specificaily addressed in a study which compared individual. household and census

rneasures in a sample of Californian women and found to be a satisfactory rnethod of
approximating individual-level socio-economic position (Krieger, 1991). The validity of
using income groupings based on neighbourhood income for both urban and rural settings
was examined across thirteen rneasures of health status in the Manitoba population and

found to be acceptable (Mustard et al., 1999). Another potential problem with the use of
a group-level statistic, such as income, is that it carmot be inferred when the nsidence is

unknown (Krieger, 1992). In our population, only 1.4% (1 15) of records had neither
residence nor income quintile assigned.

5.4

PREGNANCIES
REFERRED FOR AhdA GENETIC COUNSELING

Over the study period, AMA counselling referrals to the Section of Genetics &
Metabolism rose only marginally. Approximately one third (3,850/12,116) of al1 AMA
pregnancies and 41% of continuing pregnancies were referred for counselling. Sixtyseven percent (2,562/3,850) of referred pregnancies had invasive genetic prenatal testing,
a figure which rose to 74% (2,562/3,457) if miscarriages and social terminations were
excluded. Only the first prenatal test performed in an AMA pregnancy was counted.
Most commonly this test was amniocentesis (78%).

These tests represented

approximately 58% (2,562/1,411) of al1 invasive prenatal tests performed annually (See
Table 60, Appendix 4).

The majority of AMA referrals were of urban women, partially reflecting the regional
distribution of AMA pregnancies in the province. Though Winnipeg is the main urban
centre, accounting for approximately 60% (650,000) of Manitoba's population, about
74% of AMA women resided in urban areas. About 45% of urban AMA women were
referred for genetic counselling, but only 25% of rural A M A women. These referral
figures do not include the 378 AMA women who were referred but went on to miscarry,
or the 50 referred women who had a social termination. Of these, 88% (33 1) were urban
residents, suggesting that the referral rate for urban women may even be slightly higher.

Despite the absence of any direct out-of-pocket costs for medical care, a strong
correspondence was seen between income and referral overall. This relationship was

primarily seen for urban AMA women where the refend rate rose with increasing

household income. The sarne relationship was not seen for rurai AMA women, where
referral rates ranged between 18.25% for al1 but the wealthiest income quintile whose
referral rate was 41%.

The significance of these findings is unclear. Exarnining the

income distribution across the complete cohort, as well as for those pregnancies
rernaining once miscarriages and social terminations were excluded, demonstrated that
the cohorts were skewed towards the higher income quintiies (Table 56).

l

Table 56. Income quintile distribution within the AMA cohorts
lncome quintile % of cohort in income % in income quintile excluding
quintile
miscaniages and social terminations
1
18.6% (2,220)
17.3% (1,444)
2
16.4% (1,364)
16.8% (2,O 1O)
3
18.7% (2,237)
18.4% (1,529)
4
2 1.7% (2,593)
22.4% (1,864)
5
24.3% (2.901)
25.5% (2,126)
115
Missing
155
Tota1
8,442
12,116

When physician visits before 16 weeks gestation were examined by income, it became
apparent that, though poor women were underrepresented in the cohort, they were twice

as likely as wealthy AMA women to have had no prenatal visit by 16 weeks gestation
(QI: 28.9% vs. Q5: 14.8%) and also considerably less likely to have seen an obstetrician

(Ql: 19.6% Q5:35.3%).

5.5

PREGNANCIES
REFERRED FOR MATERNAL SERUM SCREENING

nie effect of materna1 serurn screening in this study was dificult to gauge since most
AMA women referred for counselling to the Section of Genetics & Metabolism had this

screening test and it was not possible to accurately detennine if the screen had occasioned
the referral or vice versa. Due to coding limitations, it was not possible to accurately
determine how many of the AMA women who would not othenMse have done so, had
invasive testing because of their AFP screening result. Since this was the case, the
logistic regressions were repeated without including the AFP screening variable. The
variable that described an increased Down syndrome risk over the age-related risk
following senim screening was retained. Of the 1,486 women whose Down syndrome
risk was increased following serum screening, approximately 60% were referred and
48.0% (7 14/ 1486) had invasive testing.

Though screened AMA women were equally likely to be referred irrespective of region
of residence, rural AMA women were less likely to have the screening test. This agreed

with previous findings. In their review of the 1990 statistics for the Manitoba Matemal
Screening program and accompanying physician s w e y , Chodirker and Evans noted that
the serum screening program clearly screened a higher proportion of urban women, and

that the (rural) area with the lowest obsented screening rate in the province was the sarne

one from which some of the most critical cornments about screening were received
(Chodirker & Evans, 1993). Examining the AMA population that did not have serum
screening, it would appear that most of the women who did not have AFP scmning were

also not referred for genetic counselling. Of those women who were not screened, there

was a definite income gradient, with the poorest women being less likely to have

screening.

5.6

PREDICTORS
OF REFERRAL FOR GENETlC COUNSELING

When included in the logistic regressions, having had an AFP screen consistently
emerged as the most important predictor for both referral and uptake of invasive testing.
However, due to our inability to separate out the temporal sequence of testing and
referral, Le. whether AFP screening caused a referral or resulted fiom one, this variable
was exciuded from the final models. Interestingly, significant predictors and their odds

ratios changed linle when the AFP screening variable was removed fiom the model. The
final model had a respectable "goodness of fit" or ROC (receiver operator curve) statistic

of 0.74. A minimum acceptable value for this statistic is 0.6, that is the predictive ability

of the model is about 60%.

The strongest predictor of refenal was seeing an obstetrician before 16 weeks gestation
(odds ratio 4.7, 95% CI 4.1-5.5). Seeing a general practitioner by 16 weeks had a much
weaker relationship with referral (odds ratio: 1.4, 95% CI: 1$2-1.6). Approximately half
of the AMA women (52.7%) saw a general practitioner by 16 weeks and 33.8% were
referred. Though only 27.2% of the AMA women saw an obstetncian by 16 weeks,
65.9% were referred for genetic counselling. This differential rate of referral for
counselling between general practitionea and specialists raises questions as to the
underlying cause. Do obstetricians have a different manner with patients making them
more likely to accept the offer of genetic prenatal counselling or, does seeing a

"specialist" regarding pregnancy cause it to be perceived by the woman as at higher risk,
making her more likely to accept counselling? Altematively, are obstetncians more
conversant with genetic testing guidelines? Contemporaneous qualitative data gathered
for the Royal Commission on New Reproductive Technologies provides anecdotal
evidence that the locus of control regarding decisions about necessary prenatal tests was
often seen as the prerogative of the doctor because of his or her expertise (Tudiver,
1993).

In their examination of Canadian physicians attitudes towards prenatal diagnosis, Renaud
et al., found that general practitioners were less likely to be in favour of prenatal
diagnosis than were specialists (Renaud et al., 1993). Results of a physician survey
prformed in Manitoba in 1990 indicated a clear need for more education of general
practitioners, both about prenatal diagnosis and about matemal senun screening
(Chodirker & Evans, 1993). Seventy-three percent of respondents indicated that they
offered referral for genetic counselling to al1 "eligible" women, with 4.2% stating that
they never referred women and 7.3% declining to respond. However, with regard to
"eligibility," over 16% of sweyed physicians did not know that a woman was a
candidate for prenatal diagnosis if she was over 35 years of age, and 65% were unaware
that the maternai age was calculated according to a woman's age at tem. Given the
disproportionately low nurnber of women aged 35 years at term referred for counselling it
would appear that this situation had not improved significantly by 1995.

Although this situation may have improved by 1999 and, given advances in serum
screening that now permit a more accurate determination of Down syndrome risk, it
would perhaps be prudent to examine the desirability of this somewhat arbitrary
eligibility cutsff. Both re ferrals for counselling and AFP screening demonstrate lower

than expected rates for women 35 years at term (see Tables 32 and 37). Once women are
perceived to be at increased nsk, they appear to be more likely both to be referred and to
have AFP screening. To identify women at increased nsk of Down syndrome, improving
the population coverage of the serum screening program may be more prudent than

attempting to educate physicians regarding the finer points of applying an unintuitive cutoff.

Other important predictors of AMA referral for genetic counselling were a Down
syndrome nsk determined by s e m screening to be increased over the age-related risk
(odds ratio: 2.7, 95% CI: 2.1-3.1), and a matemal age of 36+ years at term (36-39 years:
odds ratio 2.3, 95% CI 2.1-2.5; 40+ years OR 2.2, 95% CI 1.8-2.6). The final variables
that independently contributed to referral were urban residence (odds ratio: 1.9, 95%C1:
1 $7-2.2),previous poor obstetnc history (odds ratio: 1.9, 95% CI: 1.5-2.5) and k i n g in

the top income quidile (odds ratio: 1.6,95% CI: 1.3-1A).

The distinction b e ~ urban
n and rural residence for referral rates is hardly surprising.
About 76% of al1 AMA women came from urban areas and most obstetricians, who
comprised the group most likely to refer AMA women for counselling, also had urban
practices. There may also be differences in attitude towards prenatal diagnosis between

m a l and urban women, perhaps reflective of cultural differences, and in proximity to the
centre where counselling or testing is offered that may explain some of the differential
referral patterns. However, for those women who had a considerable distance to travel,
accommodations were ofien made to permit counselling and testing over the course of a
single visit.

A study by Kuppermann et al., in California, found that racial-ethnic background

significantly infiuenced the likelihood of prenatal testing with Caucasians and Asians
being more likely to have invasive testing (Kuppermann et al.. 1996). However, this
effect was not independent of socio-economic status, since the observed trends persisted,
but at diminished magnitude, when socio-economic status was controlled for.

In

Manitoba, religion seems to play a role in the rate of prenatal referrals, particularly in
rural areas: Mennonite women, who tend to reside in nual Manitoba, are reported to be
more likely to decline prenatal diagnosis presumably because of religious convictions
(McLaren unpublished, 1999). The Manitoba prenatal diagnosis physician survey found
that 12.5% of physicians reported that patients decline counselling for religious or moral
reasoning, though no data was given regarding the location of the physician's practice or
their specialty (Chodirker & Evans, 1993).

That women with previous poor obstetric experiences were more commonly referred for
genetic counselling was not surprising. Though a p o t obsteaic history is not a common
reason for referral for genetic counselling, it does identiQ women at increased risk of

miscarriage or stillbirth, or those who might who view themselves as being at increased

risk. Such women appear to desire additional information or reassurance regarding the
current pregnancy and accept referral for genetic counselling.

The association of income and referral for prenatal diagnosis was not unexpected. It has
long been recognised that uptake of invasive prenatal genetic diagnosis is skewed toward
women oE higher income. Wliether this ivas because of increased concein regarding the

likelihood of having a fetus with an abnormality, or reflected higher levels of education
or the ability of the woman to surmount the practical obstacles to invasive testing, is not
clear.

However, even in health care systems where out-of-pocket payment for medical

services is not required, income has been s h o w to influence both health status and use of
health services (Mustard et al., 1991; Wilkins et al., 1991;Mustard et al., 1997).

5.7

PRED~CTORSOF INVASIVE TESTING AMONG REFERRED WOMEN:

In the logistic regression for uptake of invasive testing among referred women, seeing a
general practitioner before 16 weeks of pregnancy no longer reached significance
@<O.OS), but the influence of a referral to an obstetrician remained the strongest predictor

of invasive testing (odds ratio 2.3,95% CI: 2.0-2.7). Belonging to either of the top two

income quintiles appeared to be a stronger predictor of invasive testing than did having a
Down syndrome risk increased over the age-related risk (odds ratio Quintile 4: 1.7, 95%
CI: 1.3-2.1; odds ratio Quintile 5: 2.0, 95% CI: 1.6-2.5 vs. odds ratio 1.4, 95% CI: 1.2-

1.7). In fact, having an increased Down syndrome risk from serum screening appeared to

be less important to the decision to have invasive testing following refenal than was
materna1 age at term for women aged 36-39 years (odds ratio 1S. 95% CI: 1.2-1.7).
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Unlike the referral analyses, residence and poor obstetric history no longer played
significant roles in the decision to have invasive testing. It was interesting that residence
was not a significant factor following n f e d for counselling, since this would seem to
place less emphasis on geographic barriers to prenatal diagnosis. Not surprisingly, early
complications of pregnancy had a significant negative association with testing (odds
ratio: 0.6,95% CI: 0.5-0.8, p=0.0001). Being over 40 years of age, though it had an odds
ratio of 1.5 (95% CI: 1.1-1.8). had a much lower p value: 0.02 venus 0.0001 for referral.

McLaren's study of 357 AMA Manitoban women who were counselled regarding
prenatal diagnosis, half of whom had testing, found that the three most important
predictors of prenatal testing were previous prenatal diagnosis, counselling by a male
counsellor and matemal ethnicity. These variables alone correctly identified the prenatal
diagnosis decision of 64% of the women in the population (McLaren, unpublished 1999).
It must, however, be noted that most of the AMA counselling at the Winnipeg centre is
performed by male counsellors. Other data collected included matemal age, distance
fiom the genetic centre and pregnancy complications prior to counselling. Women who
declined testing were more likely to be unmarried (cornmon-law or single), referred for
counselling at 18+ weeks gestation, or to have a partner of Filipino, First Nations or
"other" ethnic background, and less likely to have previously had invasive prenatal
testing.

No data was obtained on physician specialty, socio-economic status, AFP

screening or result. In our study, First Nation Treaty status was also inversely associated

both with referral (odds ratio 0.7, 95% CI: 0.5-0.9, at p=0.005)and testing with an odds
at p=0.02).
ratio of 0.7 (95% CI: 0.5-0.9,

The ROC statistic for the final model was only 0.65; a minimum acceptable value for this
statistic is 0.60. This is perhaps not surprising due to the complex nature of the decision
to undergo invasive testing. The decisiun to have (or not have) yemiic counsrlliny can

be seen as one thot is made either based on strongly held personal beliefs, or as an
exploratory "next step" that does not commit a woman or couple, to a course of action.
The decision to have invasive testing requires a greater acknowledgement of potential
consequences to the fetus and, is likely influenced by a variety of factors not captured in
our model such as desire to cary the pregnancy to term, likelihood of subsequent

pregnancies and farnily size.

5.8

AREASFOR FUTURE RESEARCH

Several areas for future research are suggested as a result of this study. The first is to
attempt to untangle the effect serum screening has on referral for AMA genetic

counselling. A serum screen result retmed to the doctor's office is accompanied by a

reminder, when appropriate, that the woman is eligible for prenatal diagnosis based on
her age. It would be interesting to see what proportion of AMA referrals are generated

through this route and the outcornes in this group compared to "regular" refends or those
detemined to be at an increased risk (Le. increased risk of Down syndrome etc).

The methodology developed for the current study could also be used to look at additional
years of data to see if AMA referral patterns continued to change over time with the
phasing out of CVS testing and a greater community awareness of prenatal diagnosis. A
larger sample size might permit additional factors, such as the effect of family size on
referral, or having had a prenatal diagnosis in a previous pregnancy, to be assessed.
Similariy, the population that had serum screening, irrespective of age, couid bt:
examined to see if similar utilization patterns are seen in the non-AMA population to the
AMA population with respect to income and geography. Again, a larger population size

will enable looking at regional distributions, rather than peiforming comparisons based

on urban or rural residence. Finally, were the findings of this study regarding income and
region of residence and their effect on referral and s e m screening to be confirmed, it
would be important to explore hrther why this might be so, and attempt to design
interventions that could reduce the magnitude of these effects.

5.9

SUGGESTIONS
FOR FUTURE PROGRAM DEVELOPMENT

The following section lists problem areas identified in the current study and suggests
potential mechanisms for improvement.

These are divided into "database" and

"program" issues, the former dealing with idiosyncrasies and limitations of the screening
and genetic databases used in this study, and the latter with issues regarding the delivery

of the AMA prenatal diagnosis prograrn.

5.9.1 Database managementMata collection
Genetic database

1. Checks on data fields to avoid erroneous values i.e. incorrect or conflicting dates

2. Standard nomenclature for fields i.e. indication for referral andor testing. This would
reduce the need for costly and tedious data pre-processing
3. Incorporate a field in the datasets to facilitate retrieving records belonging to the sarne

pregnancy as well as linking across the different genetics databases and to other
databases.
4. Continue and encourage the practice of including other identifiers i.e. AFP file

number, to facilitate linkage and cross checking between data across databases.
Materna1 Serum Screening database

1. 1s there a way to circumvent the use of "message 8" or to capture the information that
was returned to the physician regarding the sarnple?

2. Continue to enter the genetics file number, when known, in the comment field to
permit cross checking.
3. Consideration should be given to incorporating into the database a field which
identifies those AMA women who had invasive testing as a result of an abnormal
semm screen.

5.9.2 AMA prenatal diagnosis program issues

1. Patient and physician educational strategies should be targeted to rural regions in an
attempt to improve serum screening and referral rates.

2. Since obstetrîcians appear to refer more eligible women for counselling than do
general practitioners, consideration should be given to improving knowledge of AMA
prenatal diagnosis testing guidelines in the latter group.
3. Patient education should be targeted toward women in lower income groups in an
attempt to improve s e m screening and referral rates. However, this may require a
change in the overall prenatal care-seeking behaviour of this group.
4. The 35 yean at term cut-off for "advanced materna1 age" should be reviewed and

reconsidered with respect to its importance to other risk factors for Down syndrome.
This will have implications for the content of educational strategies and how they
present risk factors for Dom syndrome. It may prove more effective to prornote
serum screening of al1 pregnant women (combined with appropriate notification of
AMA status) than to focus on increasing awareness of the appropriate cut-off for

advanced matemal age.

5.10 SUMMARY
OF MAJOR FiNDINGS

1. Approximately one third of al1 AMA pregnancies and 41% of continuing pregnancies

were referred for counselling. Sixty-seven percent of referred prepancies had
invasive genetic prenatal testing, a figure which rose to 74% if miscarriages and

social terminations were excluded.

Excluding pregnancies that went on to end in a social tennination or miscarriage,
45% of urban AMA women were referred for genetic counselling, but only 25% of
nird AMA women.

Despite the absence of any direct outsf-pocket costs for medical care, a strong
conespondence was seen between income and referrai. This was pnmarily so for
urban AMA women where the referral rate rose with increasing household income.

The same relationship was not seen with rural AMA women. There, referral rates
were relatively similar across al1 but the wealthiest income quintile, which had a
considerably higher referral rate (though this was lower than the comparable rate for
urban AMA women).

4. When physician visits before 16 weeks gestation were examined by income, it

becarne apparent that poor women were twice as likely as wealthy AMA women to
have had no prenatal visit by 16 weeks gestation (Q1 : 28.9% vs. 45: 14.8%) and also

considerably less likely to have seen an obstetrician (Q1: 19.6% Q5: 35.3%).

5. Predictors of referral for AMA genetic counselling were determined to be:

(a) Seeing an obsterrician before 16 weeks gestation (OR 4.7)
(b) A Down syndrome risk determined by serum screening to be increased over the

age-related risk (OR 2.7)

(c) Matemal age of 36+ years at t e m (36-39 years: OR 2.3; 40+ years OR 2.2)
(d) Urban residence (OR 1.9)

(e) Previous poor obstetric history (OR 1.9)

(f) Being in the top income quintile (OR 1.6,95% CI: 1.3-1.8) and
(g) Seeing a general practitioner by 16 weeks (OR 1.4,95% CI: 1.2-1.6).

6. Predictors of invasive prenatd testing following referral werc detemined to be:
(a) Seeing an obstetrician kforr 16 weaks gestation (OR 2.3)

(b) Belonping to one of the top two income quintiles (Quintile 4 OR: 1.7; Quintile 5

OR:2.0)
(c) Having a Down syndrome risk increased over the age-related risk (OR 1.4)

(d) A maternai age of between 36-39 yean of age at term (OR 1.5)
(e) Early complications of pregnancy had a significant negative association with
testing (OR 0.6, p=0.0001).
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Appendix 1: ICD-9-CMdefinitions by topic
A.

ICD-9-CMCODES POTENTIALLY INDICATING A DIAGNOSIS OF PREGNANCY
Absence of menstruation
Scanty or infiequent menstruation
Irregular menstmal cycle
Other (Includes suppression of menstruation)
Unspecified
Nomal pregnancy (al1 codes)
Supervision of hi&-risk pregnancy (al1 codes)
Pregnancy examination or test, pregnancy unconfined

B. ICD-9-CM DIAGNOSES FOR PREGNANCY ENDPOINTS
Diannoses for birth
Single livebom
Twins, both liveborn
Twins, one livebom and one stillborn
Other multiple birth, al1 livebom
Other multiple binh, some livebom
Unspecified outcome of delivery
Twins, unspecified
Other multiple, unspeci fied
Nonnal delivery
Multiple gestation

Diannoses for stillbirth
V27.1
V27.4
V27.7N35.x
656.4 1

Single stillbom
Twins, both stillborn
Other multiple birth, al1 stillbom
Intrautcrine death, fetus delivered

Diannoses for temination
779.6~
635.~1~

636.~1~
637.n

Temination of pregnancy
Legally induced abortion
Illegally induced abortion
Unspecified abortion

Procedures for termination
69.0 1
69.5 1
74.9 1
75.0~

Dilation and curettage for termination of pngnancy
Aspiration curettagc for termination of pngnancy
Hysterotomy to terminate pmpancy
Intra-amniotic injection for abortion

Diamoses for miscarriage
761.4~
656.4~
632.x~
634.x~

C.

Ectopic pregnancy
Interuterine death
Missed abortion
Spontaneous abortion

POOROBSTETRIC HISTORYNIGH
RlSK

646.3
V23 .O
V23.4

Habitua1aborter
Pregnancy with history of infertility
Poor obstetric history

D. EARLYCOMPLICATIONS OF PREGNANCY
640.m-640.9~

E.

Hemorrhage in early pregnancy
Includes:
640.0~
Threatened abortion
640.8~
Other specified hemorrhage in early pregnancy
640.9~
Unspecified hemorrhage in early prepancy
Hyperemesis gravidum with metabolic disturbance
Incompetent cervix
M e r cumnt conditions in the mother classifiable elsewhere, but
complicating pregnancy, childbirth or the puerperium
Codes used:
648.0~
Diabetes mellitus
648.5~
Congenital cardiovascular disorders
648.8~
Abnormal glucose tolerance

CONSTRUCTING
THE OBGYN AND GP VARIABLES

Determining whether a woman saw a general practitioner or an obstetrician prior to 16
weeks gestation was accomplished using a combination of the following: LMP, a variable
on the hospital database that indicated the gestation at first prenatal visit, and by
searching medical claims for the fmt 15 weeks of pregnancy. Records that reported a
gestation at first prenatal visit later than 15 weeks were nmoved. For the remaining
records medical daims for the 15 weeks following LMP were examined. Where the
medical daim was fiom an obstetrician, it was imputed that the woman had been referred
to an obstetncian. Where no such claim existed, pregnancy management was inferred to
have been by a general practitioner.
Where gestation at first visit were missing, as it was in 15% of records (n=1,256), this
value was estimated. The fvst pregnancy-related physician claim afier the date of LMP
was detenined h m medical claims using a combination of tarif'and diagnosis codes,
following the approach of Dr Mustard (Mustard, 1993). When the variable distributions
were compared, the generated variable appeared to be weighted towards an earlier
initiation of prenatai case (saFigure 32 below). Consequently, the generated variable

was only used when necessary. 1,138 records were updated. The mean gestation at first
prenatal visit for the updated variable was 1 1.3 weeks.

Figure 32. Distribution of the "gestation at first prenatal visit" variable

Appendix 2: Constnicting the hospital abstract cohort

3.1 DETERMINING
WHICH RECORDS BELONGED TO AMA WOMEN:
Since only those records where the mother was 35 years of age or older at term were to
be included in our hospital abstracts cohort, it was necessary to determine the matemal
age at term. This data set contained neither information on 1 s t menstnüil period nor on
EDC. However, most birth or stillbirth records document the baby's date of birth.
gestational age at delivery and the mother's date of birth, making it possible to estimate
EDC and LMP. Only records for mothen 35 years old or over at t e m were kept (see
Table 57).
Table 57.

Description of AMA pregnancy endpoints for the study period identified
through hospital discharge abstracts
# of records
8,244
AMA births with gestation
120
AMA births w/o Gestation
8,364
Total AMA bidis
AMA stillbirths with gestation
80
1
AMA stillbirths w/o Gestation
Total AMA stillbirths
81
3,814
AMA terminations & miscarriages
12,259
Total AMA pregnancies
N

3.2 RECORDSMISSCNG A GESTATIONAL AGE
For those birth or stillbirth records where gestational age was not present (n= 12 1; Table
57), deciding if the record should be included in the cohort was determined using the
following rationale: at least 20 weeks gestation were assumed to have been completed
since, had the loss occurred prior to 20 completed weeks of gestation, this would have
been considered a spontaneous loss rather than a birth or stillbirth. Thus, in order to be
included in the cohort, the date of admission for the pregnancy endpoint had to be at Least
20 weeks afler 25/11/89 (the earliest accepted LMP in our range). No upper lirnit was
enforced. Records for women who would have been under 35 years of age at term were
removed.

Records where the pregnancy ended in a termination, whether spontaneous or surgically
performed, do not include a gestational age. A minimum of five weeks gestation at the
&te of termination was assumed since most pregnancies are not diagnosed as such prior
to this time. Thus, for inclusion in the cohort, the date of admission had to fall at least
five weeks beyond 25/11/89. To exclude women who were not AMA it was required that
the mother's age had to be 35 or over at tenn.

Hospital abstracts for deliveries missing the gestational age at delivery were merged
against the AFP database in an attempt to attempt to obtain an LMP. Consequently, 57 of
the 121 records with missing gestational ages were updated: 56 birth records were given a
gestational age, as was one stillbirth record. Five records originally missing a gestational
age were removed fiom the study since the gestational age determined resulted in a
matemal age or LMP that fell outside the study parameters.
3.4 DUPLICATE
ENTRIESIN THE HOSPITALABSTRACTDATABASE
A number of pairs of entries were found that appeared to refer to the same pregnancy
(n= 138). Thc record that was retained was identified using the follouing critena:

If the endpoint was a birth:
a) that record where the date of admission that was confirmed against the newbom
record
b) if the dates were the sarne, the record that contained more informationldiagnoses
C) if both entries contained identical information, one was picked arbitrarily
If the endpoint was a termination:
a) that record that indicated a "complete" termination (fifidigit code of ' 2 ' )
b) if both records were identical except for service date, the later date
C) if both entries contained identical information, one was picked arbitrady

These records, which represented 13 births, 1 stillbirth, and 124 terminations, were
eliminated.

Appendix 3: Phvsician tariff codes'

A.

PREGNANCY
OUTCOME

48 1 1
4850
4855
4860
4861
487 1
4800
4801
482 1
4822

Exmuterine pregnancy, ectopic, removal by laparotomy
Abonion, spontaneous (under 20 weeks) no surgery
Abortion, spontaneous, requiring dilatation and curettage ( M C )
Abortion, therapeutic, by D&C and/or suction method
Abonion, therapeutic, by amnio inhision with or without D&C
Vaginal delivery following previous C-section
C-section (with or without sterilization)
C-section, including p n and pst-visits (with or without sterilization)
Conf nement, including anteparturn and poa pamirn visits
Confinement excluding antepartum and p s t parium visits

8.

OBSTETR~C
CARE

952 1
4806
4809
48 12
48 13
48 14
48 16
4818
48 19
4820
4823
4832
4833
4834
4840
4842

Pregnancy test
Amniocentesis, initial or subsequent
Incompetent cervix in pregnancy, suture
Fetal transfusion
Surgical induction of labour
Medicai induction o f labour
Diagnostic or therapeutic cordocentesis or fetal transfusion
CVS
Initial fetal assessment
Subsequent fetal assessment
Complete pre and pst-partum visits, excluding confinement
Multiple pregnancy
Forceps andfor vacuum extraction
Augmentation o f labour
PETIeclampsia
Severe associated matemal condition or risk during pregnancy

A tariff code and fec is specifiied for cvcry service for which a physician may bill Manitoba
Health.

Appendix 4: Combining the Genetic Prenatal databases

The Genetics Appointment and Laboratory databases were read in as delimited text files
and then fomatted into SAS databases Le. dates were converted to SAS dates. MHSIP
regi stration numbers were checked for extraneous or missing characters. Remaining
records with a MHSIP registration number that exceedcd 6 digits in length or which
contained non-numeric characters were presumed to represent an out of province patient,
or an individual not represented in the administrative data. Le. a member of the armed
forces.

FELDSCAPTURED FROM THE APPOMTMENT
DATABASE
The following fields were extracted fiom the Appointment database:

4.1

MHSlP registration Manitoba health care number nurnber
Kindred number
Note: There was occasionally more than one kindred number per
person (a situation which was encountered in both the hardcopy
and the database), or discrepancies between the two sources were
occasionally encountered.
Date of birth
Name
Counsel date
Refemng doctor
Note: For approximately the first three years of data, referring
doctor was inaccurately coded in the appointment database. This
is feit to have represented a discrete event, which occurred during
the data transfer process when the Section of Genetics and
Metabolism moved to a different application for their patient
database and does not appear to be an ongoing problem. The
physician appears to be correctly listed in the laboratory database,
but this information would ody be available for those women who
go on to have invasive testing.

LMP

Note: Last m e n s t d period was rarely coded in the early data.

EDC

Note: Expected date of confinement was not often coded.

Reason for referral

Note: A woman may have multiple reasons for refenal in a given
pregnancy i.e. AMA and abnormal AFP findings.

4.1.1 Condensing records to one Der Dregnancy for the A~wintmentdatabase
For any individual, the appointment database potentially contained multiple records.
These records could represent more than one pregnancy or multiple records for a
particular pregnancy. These records were condensed to one per pregnancy as follows:
1)
2)

At least one record per MHSIP registration number was retained
If there was more than one record per MHSlP registration number:

Records with an appointment date within 6 weeks (either side) of the earliest "date
booked" were dropped, keeping that record which contained the most information.
Records thought to represent instances of multiple pregnancies during the study period
were visually inspected to confirm that this was a reasonable assurnption. Records with
an LMP beyond October 25, 1995 or pior to November 25, 1989 were removed to
ensure the cohort spanned the appropriate time frame. Similarly. records belonging to
women who were not of advanced matemal age (as calculated using DOB and LMP or
EDC)were also removed fiom the database.

4.2 FIELDSCAPTURED FROM THE LABORATORY
DATABASE
Fields in the laboratory database included information specific to the pregnancy such as
LMP,indication for testing, test type, date sample obtained and when received by the
laboratory, gestation at time of testing, chromosome result, AFP file number and Genetic
chart nwnber.
4.2.1 Identif~inathe twe of invasive genetic menatal test

Although the laboratory database had multiple test-related fields i.e. sarnple type and test
type, it was sometimes difficult to identify what test a woman aciually had. The
laboratory report number was reported to identify the type of testing petfonned more
accurately than either sample or test type. This variable consists of an initial character
which indicates the type of test performed character (A=amniocentesis, C=CVS,
B=cordocentesis) followed by the lest two digits of the year of testing and an accession
number indicating the chronological order of al1 types of samples received by the
laboratory. Upon inspection, it did not reliably identify the type of test performed,
particularly with the early data (see Table 58) To nmedy this, a new test variable was
created as indicated in the "analysis designation" column of Table 58.

Combinations of sample type, test and lab number variables in the
Laboratory dataset
Number
Test
First chamter Satnple
Analysis
designation
of lab number
CVS
A
345
Arnniotic fluid CVS
1
Amniocentesis
A
Amniotic fluid Pre-Temination
Anuiiocentesis
A
Arnniotic fluid Routine
4,24 1
6
Amniocentesis
A
Amniotic fluid Routine + FISH
~ordocentesis~
1
B
CVS
Routine
~ordocentesis'
6
B
Cordocentesis
CVS
104
Cordocçntcsis
B
Routine
Cordocentesis
Cordocentesis
1
Cordocentesis
B
Routine + FISH
CVS.
C
2
Amniotic fluid Routine
cvs
35
C
cvs
cvs
47 1
CVS
C
CVS
Routine
Assigned based on gestation at which sample was taken
Table 58.

-.

...

4.2.2 Determinina the number of AMA premancies re~resentedin the Laboratorv data
The original laboratory file included some women who were not of advanced matemal
age and more than one record per pregnancy. To determine the number of pregnancies
represented in the database it was essential that LMP be determined (see Table 59). LMP
was missing in 66.5% (n=3,441) of records. LMP was updated so that only 3% of AMA
records lacked this information by obtaining LMP fiom the AFP or Appointment
datasets.

1

Detennining LMP in the Laboratory dataset
1 LMP present 1 # of LMPs updated
Action
-1,733 (33.5%)
Prenatal samples only (n=5,174)
2.243
Merging to Appointment database 3,976 (76.8%)
4,465 (86.3%)
489
Merge to AFP database
4,599 (88.9%)
134
Update LMP with gestation
4,619 (89.3%)
20
Update LMP fiom text file
Table 59.

]

The exclusions and the order in which they were executed to retain only one AMA record
per pregnancy is given in Table 60. To detennine which records belonged to what
pregnancy sampling date was compared between records. If the difierence was more
than 10 weeks, the records were said to represent different pregnancies. Ten weeks was
chosen since the earliest test, CVS, was usually performed at 12 weeks and the latest,
cordocentesis, after 20 weeks. Thus, even had a woman come in for a CVS procedure,
miscarricd immediately afterwani, immediately become prepant again and come in for a
CVS, more than 10 weeks would likely have elapsed. Since only one record was kept per
pregnancy, the records were arranged in order of descending sampling date and the
earliest record kept for each pregnancy (n=3,583). Non-AMA records were removed

(n=953).

Table 60. Selecting one record per AMA prepancy in the Laboratory dataset
Action
Number of records
Number of prenatal samples
5,174
Remove records with no LMP:
n=554
n=763
Outside time b e
n=274
Non-AMA records
Keep only one record per pregnancy
n=953
Final number of AMA records
2,630
1 Link to Amointment records
1 2.562 (97.4%)

1

4.3 MERG~NG
LABORATORY
AND APPOCNTMENT
DATABASES
The remaining pregnancies (n=2,630) were linked to their counterpart in the Appointment
database. 97.4% (n=2,565) of the AMA pregnancies in the Laboratory database were
linked to a record in the Appointment database.

Appendix 5. Logistic regressions for refend and testing

Table 61: Stepwise logistic regression mode1 for referral, excluding AFP screening variable
(8,205 observations)
VARIABLE DESCMPTION

BETA

S.E.

P

0.0550

0.0001
0.0001
0.7478

INDIVIDUAL CHARACTERISTICS:
AGE3639
AGEMP

SES2
SES3
SES4

SES5

Age 36-39
Age40t

Income quintile 2
Incorne quintile 3
Incorne quintile 4
Incorne quintile 5

0.0877
0.0890
0.0878
0.0835
0.0816

0.4996
0,0078
0.0001

(SES test: 46.43 18,4 df, p=0.0001)

RES

TREATY

Residence
Treaty First Nation s t a t u

OBSTETRIC CHARACTERISTICS:
POOROB
Poor obstetric hisiniigh risk 0.6675
AGERISK DS risk > age risk
0.9892
OBGYN
Did the woman see an
1 S550
obstetrician before 16 weeks?
GP
DidthewomanseeaGP
0.3578
before 16 weeks?

0.0642
0.1381

0.0001
0.0054

0.û648
0.0771

0.0001
0.0001
0.0001

0.0689

0.0001

0.1276

OR

C.I.

Table 62: Stepwise logistic regression mode1 for invasive testing excluding AFP screening variable
(8,205 observations)

VARIABLE DESCRIPTION

BETA

S.E.

P

INTERCEPT

-2.9598

O. 1240

0.0001

INDIVIDUAL CHARACTERISTICS:

AGE3639 Age 36-39
AGE40P A g e W
SES2
Incorne quintile 2
SES3
incorne quintile 3
SES4
U r n e quintile 4
SES5
lncome quintile 5

Residence
TREATY Treaty First Nation
RES

OBSTETRIC CHARACTERISTICS:
POOROB Poor obstetric
risk 0.6476
COMP Early complications of
-0.3 1 58
P=lP=Y
AGEiUSK DS risk > age risk
0.9084
OBGYN Did the woman see an
1.5824
ohtetrician before 16 weeks?
GP
Did the woman see a GP
0.267 1
before 16 weeks?

0.0600
0.0001
0.0937
0.0001
0.0992
0.0295
0.0977
0.0503
0.0919
0.0001
0.0895
0.0001
(SES test: 7 1.1 508,4 df, p=0.0001)
0.0704
0.0001
0. 1659
0.0180

O. 1243
0.085 1

0.0001

0.0653
0.0832

0.000 1
0.000 1

0.0782

0.0006

0.0002

OR

C.I.

Table 63.

Stepwise logistic regression mode1 for invasive testing given referral, excluding AFP screening variable
(3329 observations)

VARIABLE DESCRIPTION

BETA

S.E.

P

INTERCEPT

0.00445

0.1243

0.97 14

WDIVIDUAL CHARACTERISTICS:
Age 36-39

AGE3639
AGE4OP

SES2
SES3

SES4
SES5

Age40t

Incorne quintile 2
lncome quintile 3
lncome quintile 4
lncome quintile 5

OBSTETRlC CHARACTERISTICS:
COMP

Early complications of
FgnsnCY

AGERlSK DS risk > age nsk
OBGYN
Did the woman see an
obstetrician before 16 weeks?

0.0907
0.000 1
0.1425
0.0 194
0.1440
0.0065
O. 1375
0.0294
0.1303
0.000 1
0.1268
0.000 1
SES test: 32.0248,4 df, p=0.0001

OR

C.I.

