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Abstract

Background We conducted a descriptive epidemiological
study of Down syndrome (DS) in the four Irish counties
{Dublin, Kildare, Wicklow and Galway) covered by EURO-
CAT registries of congenital malformations for the years
1981-1990.

Methods EUROCAT registries, which cover defined popu-
lations, use multiple sources for case ascertainment. All DS
cases born between 1 January 1981 and 31 December
1990 to mothers resident in the four counties were
identified. Crude birth prevalence rates and maternal age-
standardized rates (SPRs) were calculated for each county
and for each year in the study period. The prevalence of DS
by maternal age grouped in five-year periods and the risk for
each five-year group were also estimated.

Results The crude birth prevalence for the four counties was
18:5/10 000 for al! births and 18-3 for live births. There was
a fall in the total number of DS births over the decade, but
less change in the crude birth prevalence owing to an
increase in the proportion of mothers aged 35+. Galway
had the highest crude birth prevalence of DS (23-5/10 000)
but the SPR was within average for the four counties as a
whole - 110-3, 95 per cent confidence interval (Cl) 86-7—
139. The risk of having a DS child increased 70-fold from
1:1841 atage 15-19to 1:26 at 45 years or older. Nearly half
of all DS cases (47-4 per cent) had at least one additional
anomaly.

Conclusions The parts of lreland covered by EUROCAT
have a high birth prevalence of DS births as compared with
some other countries, but the maternal age-specific rates
are not substantially different from those in large interna-
tional studies.
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Introduction

Down syndrome (DS) is a major cause of congenital
malformation in Ireland, and it accounts for a quarter
of all persons aged over 14 with moderate, severe and
profound mental handicap.! EUROCAT, which is a
concerted action of the European Union for the
surveillance of congenital anomalies, has monitored
the prevalence of DS in various parts of Europe since

1980, and reports covering up to 11 years of data have
been published.2* The Dublin EUROCAT Registry,
which covers counties Dublin, Kildare and Wicklow,
has contributed data to EUROCAT since 1980. The
Galway Registry has contributed data for that county
since 1981. The purpose of this study is to describe the
epidemiology of DS in the four Irish counties (Dublin,
Kildare, Wicklow and Galway) covered by EUROCAT
over the ten-year period 1981-1990. This paper reports
the first of a number of similar studies which will use
EUROCAT data to place in the public domain baseline
epidemiological information on various congenital
anomalies in the four counties for the decade of the
1980s.

Method

EUROCAT registries use as many data sources as
possible so as to achieve a high level of case
ascertainment. The Dublin registry uses birth notifica-
tion forms, death certificates for children aged under
two years, the Hospital Inpatient Enquiry Scheme
(HIPE; a computerized system containing diagnostic
and other details for cases discharged from paediatric
and acute general hospitals), maternity hospital
autopsy and karyotyping records and neonatal paedia-
tric unit listings. The Galway registry does not use
HIPE data because it has direct access to all data in the
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paediatric and maternity units which serve the Galway
population.

All cases of DS on the Dublin and Galway
EUROCAT registries with birthdates between 1|
January 1981 and 31 December 1990 were identified.
The following items of data are routinely collected for
each EUROCAT case: birthdate, sex, single or multiple
birth, live or still birth, birthweight, gestation, presence
of additional congenital malformations, mother’s
county of residence, birthdate and reproductive
history.

The percentage of all chromosomal anomalies on the
register which was accounted for by DS was calculated.
Analysis was carried out by time, place (county of
residence of mother) and person. Prevalence rates
(crude and age-standardized) per 10 000 births were
examined for each year over the ten-year study period.
The effect of season of birth on prevalence was
examined.

The following factors were compared by county:
prevalence rate (crude and age-standardized) per 10 000
births, sex ratio, proportion of DS cases who were
stillborn, proportion of DS cases who weighed under
2-5 kg, proportion of DS cases born under 37 or over 42
weeks of gestation, and the proportion who were born
to mothers aged over 35.

The prevalence of DS by maternal age grouped in
five-year periods and the risk for each five-year
maternal age group were also estimated. The frequency
and nature of additional anomalies were calculated.
The percentage of DS cases weighing less than 2-5 kg
was compared with the figure for the general popula-
tion, as were the stillbirth, prematurity and postmatur-
ity rates. The names and addresses of all DS children
were reviewed to search for evidence of recurrence in
individual mothers.

Denominator data including the number of births by
five-year maternal age group and by month within year
for the years 1981-1990 were supplied on diskette by
the Central Statistics Office. The data were analysed
using SAS Version 6.07 (SAS is a registered trademark
of SAS Institute Inc., Cary, NC, USA). The x? test was
used for comparison of proportions. Analysis of
variance was used to compare means between more
than two groups. Edward’s test® and the non-para-
metric Kolmogorov—Smirnov test® were used to test
for a seasonal trend in the prevalence of DS. The
Walter—Elwood modification of the Edward’s test,
which allows for a variable population at risk, was also
used.”

To control for the effect of maternal age on
prevalence of DS, age-standardized prevalence ratios
(SPRs) were calculated for each county and for each
year using five-year age groups and taking the maternal

population of all four counties combined as the
reference population. The software package Confi-
dence Interval Analysis (CIA) was used for calculating
95 per cent confidence intervals (CIs) on SPRs.®?
Capture—recapture methods were used to estimate
completeness of ascertainment in the case of the
Dublin registry.>!°

Results

Between 1981 and 1990 there were 250 213 births in the
four counties and there were 7209 children registered
with major or minor congenital anomalies on the
Dublin and Galway registries. Of these, 582 had
chromosomal abnormalities. Of the children with
chromosomal abnormalities, 462 (79 per cent) were
DS cases. Of all the congenital anomalies registered in
the Dublin and Galway EUROCAT registries, 6-4 per
cent had DS. The crude prevalence of DS was 18-5 per
10000 births. There were nine stillbirths in all and the
crude prevalence rate for DS among live births was
18-3/10 000 live births, i.e. one child in every 547 born
alive suffered from DS. Seven of the 462 DS cases were
twins, and by using national data on twinning rates'' it
was estimated that the birth prevalence of DS per
10000 multiple birth maternities was 12-9 compared
with a prevalence of 18-6 among singleton maternities.
Five of the seven DS twins were male and two were
female. In no case was there concordance among twins
for DS. The sex of the non-DS twin was available for
six of the seven twin sets. In two sets the twins were
both male, in two sets there was a male DS child with a
female sibling, and there were two sets with a female DS
child and a male sibling.

Figure 1 shows the trends in the crude birth
prevalence of DS over the ten-year period by county.
The rates for Galway, Kildare and Wicklow showed
considerable variation over the decade, whereas the
rate for Dublin, which has a much larger population,
was more stable. Figure 2 shows that whereas the total
number of DS children born per year in the four
counties combined fell somewhat during the 1980s, the
crude prevalence rate showed a less consistent decline.
The SPR showed considerable fluctuation, and both
SPR and crude prevalence peaked in 1985.

Table 1 presents the data used to construct the graph
in Fig. 2, but it also includes the total births in each
year, 95 per cent Cls on the SPR for each year and the
percentage of all births in which the mother was aged 35
years or older. For each SPR, the 95 per cent CI
encompasses 100, thus indicating that no year differs
significantly from the average for the decade as a whole
when maternal age is taken into account. The
percentage of mothers who gave birth over the age of
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FIGURE 1 Trends in the crude birth prevalence at birth of Down syndrome 1981-1990 by county.

35 increased slightly during the decade of the 1980s.
This effect would tend to make the decrease in the
actual number of DS births over the period somewhat
less than might be anticipated given the fall in the total
number of births.

September had the highest crude prevalence per
10000 births for DS (23-6) and April had the second
highest rate (23-0), whereas December had the lowest
rate (10-7). However, none of tests for cyclic trends —
the Edward’s test, the Walter—Elwood modification of
the Edward’s test or the non-parametric Kolmogorov—
Smirnov test — were significant. We then divided the
data into two periods, 1981-1985 and 1986—-1991, and
looked at the seasonal pattern in both. February and
June had the highest rates (23-3) and December the
lowest (8-5) during the 19811985 period, but all three
tests for seasonality yielded non-significant results.
During the 1986—1991 period, September had the
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highest rate (26:8) and June the lowest (10-0), and all
three tests were non-significant. Taken together, these
results suggest that the birth prevalence of DS is not
influenced by seasonal factors, at least in Ireland.

Maternal age is the major factor determining the
prevalence of DS, and Table 2 shows that there was a
70-fold increase in risk between the 15-19 age group
and the 45+ age group.

Table 3 shows that Galway had the highest crude
prevalence of DS and Wicklow the lowest. To control
for the effect of maternal age on prevalence, SPRs were
calculated for each of the four counties as described
above. As may be seen from Table 3, there was no
significant difference in prevalence of DS between any
of the four counties and the average for all four
together when maternal age is taken into account,
because the 95 per cent Cls for each county encompass
100.
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FIGURE 2 Trends in number of cases and prevalence at birth of Down syndrome 1981-1990 in the four counties combined.
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TABLE 1 Crude birth prevalence rates and maternal age-standardized prevalence ratios (SPRs) for Down syndrome by year

Total no. No. of DS No. of DS Crude birth 95% Ci on % of all mothers
Year of births cases observed cases expected prevalence rate  SPR SPR aged 35+
1981 29120 56 524 192 106-8 80-7-139 142
1982 28479 54 520 190 103-8 78-135 146
1983 26821 a5 491 168 917 66-9-123 147
1984 25608 a4 471 172 93-4 67-9-125 149
1985 25222 54 467 214 1158 87-151 150
1986 24838 49 458 197 106-9 79-1-141 154
1987 23819 a1 445 172 92-2 66-2-125 154
1988 22673 11 418 181 98-2 705-133 152
1989 21535 36 41-2 167 875 61-3-121 161
1990 22098 a2 1415 190 1012 72:9-137 158
Total 250213 462 462-0 185 100-0 - 151

Table 4 shows that there was no significant difference
between the four counties as regards sex ratio, stillbirth
rate, gestation and percentage low birthweight. The
stillbirth rate was 19-5/1000 DS births, which was 2-5
times greater than the national average for 1986 for all
births.'? DS cases were nearly four times more likely
(17 per cent) to weigh under 2-5 kg than the national
average for 1986 (4-5 per cent).®

Over half of all DS births were to mothers aged 35+
(Table 4). Galway had the highest mean age and the
highest proportion of DS cases born to mothers aged
35+, although the difference between the four counties
was not significant. Karyotyping results were available
to the registry in 65 per cent of cases, although the
figure for Galway was 81 per cent, possibly reflecting
the better development of genetic facilities in that city.
No information was available on the parental origin of
non-disjunction.

Parity information was available on 434 of the 462
mothers of the study population (94 per cent). Only 75/

TABLE 2 Risk of Down syndrome by maternal age

434 (17-3 per cent) were primiparous, whereas 70/434
(16-1 per cent) were para five or higher. There were no
instances of recurrence of a DS birth to a mother who
already had a DS child.

Table 5 shows the number of cases by source of
ascertainment for the 388 cases on the Dublin register.
Karyotyping was the largest source, contributing 245 of
388 cases (63 per cent), but in only three of these (1 per
cent) was it the sole source of ascertainment. HIPE
contributed the largest number of cases which were not
recorded by any other source (24). Six per cent of cases
would have been missed without HIPE. Using the
capture—recapture method, and taking HIPE as one
source and pooling all sources other than HIPE as a
second source, an estimate of the ‘true’ population of
DS cases born to mothers resident in the Eastern
Health Board area was made. This gave a figure of
416 (95 per cent CI 400-432), suggesting that the
ascertained figure of 388 cases may be 93 per cent
complete. There was no discrepancy in diagnosis noted

Age group No. DS cases % of all DS cases No. births Rate/10000 births Risk
<15 0 0-0 39 0-0 -
15-19 7 15 12888 5-4 1841
20-24 32 6-9 49726 6-4 1654
25-29 79 171 81642 97 1033
30-34 101 219 66325 16-2 657
35-39 132 286 30577 432 232
40-44 93 201 6748 1378 73
45+ 16 35 410 390-2 26
Unstated 2 0-4 1858 108 929
Total 462 100-0 250213 185 542
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TABLE 3 Crude birth prevalence rates and maternal age-standardized prevalence ratios (SPRs) for Down syndrome by county

County Total no. No. of DS No. of DS Crude birth 95% Cl on SPR 95% ClI

of births cases observed cases expected prevalence rate  crude prevalence on SPR
Dublin 176244 307 3162 17-4 15-5-195 971 86-6-109:0
Galway 31451 74 671 235 18-4-295 110-3 86:7-1390
Kildare 24285 51 458 210 15-6-27-6 111-4 825-146-0
Wicklow 18233 30 329 165 11-1-234 911 61-5-130-0
Total 250213 462 462-0 185 - 1000 -

between sources of ascertainment, although some
sources recorded additional anomalies not recorded
elsewhere.

Of the 462 DS children in the study population, 144
had one additional anomaly recorded, 55 had two, and
24 had three or more. Thus 223/462 children (48-3 per
cent) had one or more additional anomalies. A total of
328 additional anomalies in all were recorded. Of the
462 DS cases, 169 (365 per cent) had congenital heart
defects, and 70 of these 169 (414 per cent) were
ventricular septal defects. Anomalies of the gastro-
intestinal tract were also common: 7/462 (1-5 per cent)
had tracheo-oesophageal fistula, 26/462 (5-6 per cent)
had small bowel atresia and 4/462 (0-9 per cent) had
large bowel atresia (Table 6). There was no significant
difference between children born with additional
anomalies and those born without as regards sex
(M:F ratio 1:1), county of birth, proportion weighing
under 2-5 kg, and proportion born to mothers aged
over 35. However, 1/223 (0-5 per cent) of children with
additional anomalies were stillborn compared with
8/239 (3-4 per cent) of those born without additional
anomalies (p = 0-24). Of those with additional

TABLE 4 Comparison between Dublin, Galway, Kildare and

birthweight, mean maternal age and age over 35

anomalies, 31/188 (16-5 per cent) were of less than 37
weeks gestation compared with 20/213 (9-4 per cent) of
those without (p < 0-05).

Discussion

The epidemiology of DS in Ireland has been
documented previously but studies have not been
population-based, or have been limited to one or two
data sources, or have covered a short time period only.
A study of the birth prevalence of DS in the Eastern
Health Board area (counties Dublin, Wicklow and
Kildare) for the years 1953 and 1976 was published in
1977.12 The data were fairly complete for the years 1974
and 1975 and the crude birth prevalence rate for those
years combined was 18-7 per 10 000 births, a figure very
similar to ours. A follow-up study which included the
years 1978 and 1979 found a rate of 17-7.'* Another
Irish survey for the years 1965-1974, which was not
population based, but instead was based on data
derived from 12 large maternity units covering 44 per
cent of all live births, yielded a prevalence rate of 17-0/
10 000 births (range 13-23).13 A previous Irish hospital

Wicklow for period 1981-1990 by sex ratio, gestation,

Dublin Galway Kildare Wicklow All 4 counties  p value
M/F ratio 11 17 0-6 11 11 0-066
Stillbirths/1000 DS cases 22-8 0 66-7 195 0104
Gestation (% of all DS births)
< 37 weeks 126 85 122 26-3 125
37-42 weeks 84-3 887 776 737 838 0-084
42 + weeks 31 28 102 0 37
% of alt DS births weighing
<25 kg 157 19-2 196 200 170 0-794
Mean maternal age 3441 35-3 330 342 34-2 0-286
% of all DS births to
mothers aged over 35 526 58-9 471 433 52-4 0-421
Karyotyping done 189 (61-6%) 60 (81-0%) 33(647%) 19 (63-:3%) 301 (65-1%) 0-018
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TABLE 5 Number of cases of Down syndrome ascertained in Dublin registry by source of ascertainment

Source This source only This and other sources Total
HIPE 24 169 193
Domiciliary care allowance records 21 37 58
Community care 10 138 148
Birth notification 8 111 149
Reports from National Drugs Advisory Board 4 61 65
Karyotyping records 3 242 245
Death certificate 3 30 33
Child health computer system 2 7 9
Maternity hospital perinatal mortality report 1 22 23
Pathology records 1 6 7
Paediatric cardiology consultations 0 13 13
Maternity hospital neonatal care listing 0 9 9
Special care baby unit admissions 0 4 4

based study'® found the risk to a woman aged 45 or
more of having a DS baby was 1 in 28 — a figure almost
identical to ours (Table 2).

Although limited to four counties, our study is
population based and the catchment area includes more
than one-third of the population of the state. The
period of observation spans a full decade. Also, many
data sources were used to identify the majority of DS
cases. Thus the study should provide a reasonably
accurate and comprehensive picture of the epidemiol-
ogy of DS in Ireland and it should be a useful baseline
for future epidemiological investigations of DS in the
country. Ireland, along with Malta, is the only
European country in which prenatal screening for DS
and induced abortion are not carried out, and the study
provides a good picture of the epidemiology of DS
under ‘natural’ conditions.

It seems reasonable to suggest that although some
year-to-year fluctuation in rates of DS have been noted,
the birth prevalence of this condition has been fairly
stable over the last two decades. The peak prevalence in
our study occurred in 1985 - the year before the
Chernoby! nuclear accident. Our results do not there-
fore suggest that the Chernobyl nuclear accident, which
occurred in 1986, had an impact on the DS rates in the
parts of Ireland covered by EUROCAT. The main
Chernobyl radionucleotides deposited in Ireland were
iodine-131, caesium-134 ('**Cs) and caesium-137
(**’Cs). A study of the deposition of '**Cs and '*’Cs
in soil has been published.!” The highest deposition
levels occurred in the midlands and northeast (mean
deposition of '¥’Cs was 3-4-5-0 kBq/m?) rather than in
the east (mean deposition of *’Cs < 2-3 kBq/m?) and
west (mean deposition of '*’Cs 2:3-3-4 kBq/m?), which

TABLE 8 The ten most frequently recorded additional anomalies in Down syndrome cases

(some cases had more than one anomaly)

Anomaly No. of occurrences % of total additional anomalies
Ventricular septal defect 70 216
Endocardial cushion defect 60 185
Patent ductus arteriosus a1 126
Secundum atrial defect 26 8:0
Atresia small intestine 26 80
Congenital heart anomaly NOS 10 31
Hirschsprung's disease 10 31
Congenital oesophageal 7 22
fistula/atresia
Atresia large intestine 4 1-2
Tetralogy of Failot 3 0-9
Total 257 79-2
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FIGURE 3 Crude birth prevalence rate of Down syndrome 1981-1990 by month of birth.

are the areas covered by EUROCAT.!” A cluster of 12
cases of DS where three would have been expected
occurred in Berlin in January 1987 and was attributed
to Chernobyl.'® However, that study was criticized on a
number of grounds, including failure to adjust for
maternal age.!® No excess of genetic anomalies,
including DS, has been demonstrated in children of
Japanese atomic bomb survivors,'® and one would not
therefore expect the relatively lower levels of fallout
observed in Ireland as a result of Chernobyl to produce
discernible effects on the birth prevalence of DS.

We found peak prevalence rates for DS during spring
and autumn, but subdivision of the decade into two
periods showed different patterns. One of the previous
Irish studies suggested that the lowest birth prevalence
of DS was during the summer, with the peak incidence
in the second quarter of the year,l3 but studies
elsewhere have reported a strong autumn peak,® and
a summer and winter peak.?' These conflicting results
strongly suggest that season is not a factor determining
the birth prevalence of DS.

In 1981, a national census of persons with mental
handicap in Ireland was carried out by the Medico-
Social Research Board.' This was designed to yield a
point prevalence among the whole population rather
than a birth prevalence. Because DS cases have a higher
than average mortality, especially in infancy, we would
expect a census to yield a lower figure than a birth
study. The point prevalence rate for the whole country
was 10-3/10 000. The Western Health Board area, in
which Galway is situated, had the highest prevalence
rate (15-7/10000), and the Eastern Health Board area
the lowest (8:6/10 000). This contrast between west and
east was similar in pattern to our finding when we
compared the rates by county (Table 3).

The prevalence rate for DS in 18 EUROCAT
registries has been compared for the years 1980-
1990.* The average rate for all 20 registries was 14-6/
10 000. Galway had the highest rate (21-4/10 000), and
Paris (20-4) and Bilbao (20-8) were similar, whereas
Switzerland (9-1) and West Flanders (9-4) had the
lowest rates. However, these comparisons should be
treated with caution for at least three reasons. First,
despite vigorous attempts at standardization of data
collection methods, not all registries use the same range
of data sources as the Irish registries. Second, these
figures are crude, and fail to take account of the critical
factor of maternal age. However, when maternal-age
specific prevalence rates were compared for EURO-
CAT registries, there was no evidence of significant
variation between centres.* Finally, the DS figures
quoted for other EUROCAT registries include induced
abortions as well as live births and stillbirths. This tends
to increase the prevalence of DS because each
terminated DS case is equivalent to about 0-7 live
births, as approximately 30 per cent of DS foetuses are
lost after 16 weeks of pregnancy.?

The magnitude of the effect of maternal age on birth
prevalence of DS is clearly illustrated in Table 2, and
the relationship has been addressed in a number of
large studies. Australian?? and Swedish®® studies used
regression techniques to predict the risk of DS by single
year of maternal age. Both produced very similar
discontinuous slope models in which there was a
gradual increase in risk with age up to approximately
30, followed by a much steeper more exponential
increase in risk over the age of 30. Although these
studies related to live births, the risk estimates
published were broadly similar to ours. A large Irish
study looked at maternal age-specific risks for DS






