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B

Down’s syndrome is the most common autosomal aberration and single cause of
mental retardation in man. There is a close relation between advanced maternal age
and Down’s syndrome. The limitation of family size has made a considerable impact
- on the incidence of Down’s syndrome. In Denmark in the 1950s, 50 %, of Down’s
syndrome cases were born to mothers over the age of 35. The percentage went down
to 259, in the 1970s and was reduced by prenatal diagnosis to 8%, in the 1980s.
For the period 1980-85 we followed the birth prevalence closely for the different
maternal age groups. The birth prevalence was lowered for the age group over 35,
but there was a steady rise for the age groups below 35. Early diagnosis, high rate of
survival of light-for-date babies and babies with congenital heart defect, and,
possibly, exogenous factors working on gametogenesis might be an explanation. To
achieve a reduction in incidence, maternal a-fetoprotein (AFP)-serum screening for
low values may be a possibility. So far, avoidance, but not primary prevention, of
Down’s syndrome is available.
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Down’s syndrome is the most common single cause of mental retardation and thus it is a major
health problem and a burden to families and society. It has been known as a clinical entity since
Langdon Down described the syndrome in 1866, and since then research workers have looked
for exogenous factors (Down 1866).

Generally, the clinical diagnosis is easy and well-known to all medical workers. In premature
babies, however, the diagnosis may be difficult, but a chromosome study can give the final
diagnosis with few exceptions.

In Scandinavia, about 909, of the cases are regular trisomies, in about 39, mosaicism is
found and in about 69, translocations are observed. Double trisomies and rare aberrations are
found in less than 19, (Mikkelsen et al. 19776 ; Iselius & Lindsten 1986 ; Nielsen et al. 1987). The
distribution is different in countries with a different age distribution of child-bearing women
as, for example, in Northern Ireland, where translocations count for 39, only as they are
maternal-age independent and prenatal diagnosis is rarely done (Elwood & Darragh 1981).

POINT INCIDENCES OF DOWN’S SYNDROME

Incidences at birth and at week 16 of pregnancy (amniocentesis) have been well studied and
risk figures for maternal ages have been established (Trimble & Baird 1978; Hook 1981;
Lindsjo 1974; Lindsten ¢t al. 1981; Stene & Mikkelsen 1984; Iselius & Lindsten 1986;
Ferguson-Smith & Yates 1984). Of the cases diagnosed at the 16th week, 20-309%, end as a
spontaneous abortion or a miscarriage later in pregnancy (Hook 1983a). Figures from first
trimester chorionic villi sampling show an incidence of trisomy 21 at week 8-10 nearly double
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that at week 16 (Mikkelsen & Aymé 1987). Spontaneous abortions in the first trimester have
a ten times higher incidence than birth incidence (Hassold et al. 1980). These figures indicate
an unknown, but certainly high, mutation rate at conception and a continuous fetal loss
throughout gestation.

FACTORS INCREASING THE INCIDENCE oF DOWN’S SYNDROME

Factors include advanced maternal age, earlier diagnosis, survival of small-for-date infants
and an increased mutation rate.

Advanced maternal age

Advanced maternal age as an important factor in Down’s syndrome has been known for
more than 50 years (Jenkins 1933; Penrose 1933).

We followed the incidence of Down’s syndrome in Denmark throughout the period
1980-1985 and compared these data with the incidence found in Copenhagen from 1960-1971
in a study with nearly complete ascertainment (Mikkelsen ¢t al. 1976). In table 1 the differences
in the maternal-age distributions between the two studies are shown. More than half of the
births were given by mothers of 24 years and younger in the first period, whereas there was a
decrease for this age group in the 1980s, a considerable increase in the number of mothers in
the age groups between 25 and 35, and only a slight increase for the over 35 years old. In the
same periods, the percentage of Down’s syndrome mothers decreased for the youngest age
group and increased for the age group 25-35 (table 2). For those over 35 there was a
considerable decrease in Down’s syndrome cases, reflecting the high degree of utilization of
prenatal diagnosis in Denmark.

TABLE 1. MATERNAL-AGE DISTRIBUTION IN DENMARK

normal population Down’s syndrome

age 1960-71 1980-85 1960-71 1980-85
<25 51.7 34.3 34.5 26.2
2529 29.2 38.9 18.7 37.8
30-34 12.6 20.0 18.7 274
> 34 6.5 6.8 28.1 8.6

Age-related incidences for the two study periods are given in table 3. There were no
significant differences between the two periods for ages below 30, but a considerable decrease
for the age over 30 was found, as expected, reflecting the effect of the prenatal test.

Many hypotheses have been put forward to explain the association between advanced
maternal age and Down’s syndrome. Age-deterioration of the ovum was an accepted
explanation for a long time. Delayed fertilization due to decreased frequency of coitus (German
1968) has also been discussed for 20 years. Ingalls (1972) proposed that delayed fertilization
could be the consequence of endocrine function failures or of infections of the mother.
Matsunaga (1967) proposed relaxed uterine selection in elderly mothers as a possible cause of
the age effect. Advanced maternal age is also observed in cases of paternal failure (Mattei
et al. 1980). Aymé & Lippmann-Hand (1982) found on abortion data that relaxed selection
may play a role in the age effect. This could not be confirmed by Hook (1983 5). Recently,
Stein et al. (1986) suggested that the association of trisomy 21 with maternal age is based on
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TABLE 2. LIvE-BORNS WITH DOWN’s SYNDROME (DS) AND TOTAL NUMBER OF LIVE-BIRTHS (LB)
IN DENMARK, 1980-1985

liveborns
maternal age distribution... < 25 25-29 30-34 >34 unknown total
1980
no. of
DS 13 16 9 7 — 45
LB 21614 21498 10830 3351 — 57293
1981
no. of
DS 13 10 10 2 — 35
LB 19498 20199 10040 3352 — 53089
1982
no. of
DS 11 19 10 5 — 45
LB 18376 20546 10205 3531 — 52658
1983
no. of
DS 15 15 14 4 — 48
LB 16860 20236 10214 3531 — 50821
1984
no. of
DS 9 20 17 3 1 50
LB 16601 20473 10783 3943 — 51800
1985
no. of
DS 12 25 16 2 — 55
LB 16579 21369 11630 4171 — 53749
total
DS 73 105 76 23 1 278
LB 109528 124321 63702 21859 — 319410

TABLE 3. DOWN’S SYNDROME : AGE RELATED INCIDENCES PER 1000 LIVE-BIRTHS

maternal age 1960—71’ 1980-85
<25 0.77 0.67
25-29 0.73 0.85
30-34 1.71 1.19
> 34 5.13 1.05

a failure of the screening process between fertilization and recognition of pregnancy. The
difference in prevalence rates of trisomy 21 in spontaneous abortion from young and old
mothers indicates the amount of attrition that takes place in the pre-recognition phase at young
maternal age. In women of age 40, trisomy 21 constitutes as much as 10 %, of all miscarriages
(Stein et al. 1986). As the incidence of Down’s syndrome strongly depends on the age
distribution of child-bearing women in a population, the restriction of family size observed in
developed countries and the decreasing number of women giving birth at higher maternal ages
should have produced a decrease in the birth incidence of Down’s syndrome. However, the
same incidence as reported earlier before family size restriction was observed in several studies
from Canada, Denmark, Great Britain and Finland (Lowry et al. 1976 ; Mikkelsen et al. 1976
Holloway & Emery 1977; Evans ef al. 1978; Leisti et al. 1985) and a certain increase in
incidence was observed in Sweden and in studies of the 25-34 age group (Iselius & Lindsten
1986; Nielsen ¢t al. 1987).
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Earlier diagnosis

Most likely, the unchanged total incidence figures reflect a better ascertainment throughout
the 1970 and 1980s, where most Down’s syndrome infants were diagnosed in the first week of
life. Previously, a number of Down’s syndrome infants will have died before the diagnosis was
registered, or sometimes the diagnosis was deliberately not given on the birth certificate. Iselius
& Lindsten (1986) followed the Down’s syndrome incidence from 1967 to 1982 and found a
slight increase throughout the period in both sexes, but also a possible cyclical variation limited
to boys. They considered the degree of ascertainment to be high and unchanged throughout
the period, and also the perinatal mortality to be unchanged.

Survival of small-for-date infants

There was a rise in total incidence throughout the period 19801985 (table 4). This increase
was observed in newborns as well as in amniocentesis data. In the same period, the number of
newborns with Down’s syndrome born prematurely or light-for-date increased from 26.7 % to
43.6%. A comparison between the figures from the normal population and Down’s syndrome
figures for birth weight below 2500 g, preterm births and Caesarian section showed
considerably higher figures for the Down’s syndrome population (table 5). A slight increase in
the survival of low weight infants or premature babies will show as an increase in the incidence
of Down’s syndrome and is an important factor concerning morbidity and mortality in Down’s
syndrome.

TaBLE 4. INCIDENCES OF DowN’s syNDROME, DENMARK 1980-1985

no. of live-borns no. of fetuses
period with Down’s syndrome  no./1000  with Down’s syndrome total incidence
1980-81 80 0.72 36 1.05
1982-83 93 0.90 * 63 1.51
1984-85 105 0.99 54 1.51
1980-85 278 0.87 153 1.35

TABLE 5. PERCENTAGES OF BIRTH WEIGHT BELOW 2500 g, PREMATURITY AND CAESARIAN

SECTION
normal population Down’s syndrome population
birth weight below 2500 g 5.6%, 19.49,
pre-term 4.49, 10.19,
Caesarean section 11.09, 18.19,

Infant mortality

Mortality in Down’s syndrome throughout the first two years is still very high. In the early
1970s 22 %, of newborns with Down’s syndrome died in their first year (Mikkelsen & Nielsen
1976). In the period 1980-85 15 %, died before one year of life and 22 9, were dead before the
end of the second year. An early diagnosis will be reflected in higher incidences at birth as 4.7 %,
of the Down’s syndrome cases in the 1980-1985 period died perinatally (Nielsen et al.
1987).
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Mutation rate

Finally, there might be a real rise in the mutation rate of Down’s syndrome. One way to
follow mutation rates is to compare de novo translocation incidences with free trisomy rates
(Hook 1981). When 1970 data were compared with the findings in the 1980s a slight increase
was observed: 16/252 = 0.063 compared with 5/160 = 0.031 in the 1960-1971 period.

Paternal factors

That paternal non-disjunction can occur in Down’s syndrome was shown in 1973
simultaneously by Uchida (1973) and Sasaki & Hara (1973). Larger studies have shown that
209, of the meiotic failures are of paternal origin (Mazo et al. 1982; Mikkelsen 1982).

A possible paternal-age effect has been disputed for a long time. Stene et al. (1977) proposed
a paternal-age effect for the age group over 55 on data from Copenhagen, and for paternal age
over 41 on German amniocentesis data (Stene ef al. 1981). A few studies confirmed a weak
paternal-age effect (Matsunaga et al. 1978; Stene & Mikkelsen 1984), but most studies could
not demonstrate a paternal-age effect (Hook & Cross 1982; Ferguson-Smith & Yates 1984).
To elucidate the question further a European collaborative effort was made to compare
maternal and paternal meiotic failures and age distribution of the parents (Aymé ¢t al. 1986).
In paternal failures a matérnal-age effect was observed, as also previously shown by Mattei
et al. (1980). This finding is unexplained so far but possibly related to relaxed selection in the
pre-recognition phase of pregnancy in elderly women carrying a trisomic fetus (Stein e al. 1986).
When paternal cases were matched for maternal age, a weak paternal-age effect could be
shown for first meiotic division error in the father. Second division failure in the father was
negatively associated with paternal age (Aymé et al. 1986) and mean maternal age was lower
than in the three other division failure groups.

Sex ratio in Down’s syndrome

It has previously been shown that more males with Down’s syndrome are born than females
(Hug 1951; Bernhein ef al. 1979; Nielsen et al. 1981, Iselius & Lindsten 1986). Also, in
spontaneous abortuses more males than females with trisomy 21 are observed (Hassold e al.
1983). ’

The increased male:female sex ratio was also observed in our 1980-1985 study: 156 males
and 117 females with trisomy 21. A positive sex ratio was also observed in translocation Down’s
syndrome, with 17 males and 3 females. This is different from the findings by Iselius & Lindsten
(1986) and Lindsten ef al. (1981). They did not find a deviation from the expected sex ratio
in translocation trisomies. When correlated to meiotic failure a sex ratio of 3.40 was found when
the meiotic failure had occurred in the first meiotic division of the father. However, the sex ratio
was positive in all types of failure, with the exception of paternal meiosis II, when it was 1:1
(table 6), but figures are small. No difference was observed between first and second division
failures. The collaborative European study, where part of this study was included, did not show
an increased sex ratio for paternal meiosis I failures. The excess of males in Down’s syndrome
newborns, prenatally diagnosed fetuses, and spontaneous abortions is still not understood. A
similar sex ratio was observed in children of carriers of hepatitis associated antigen (Drew e al.
1978).

Other factors studied, which might influence mutation rates, were infectious diseases,
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TABLE 6. SEX RATIO AND MEIOTIC FAILURE

type of division male female male:female ratio
maternal I 63 59 1.07
maternal II 16 11 1.45
paternal I 17 5 3.40
paternal II 8 8 1.00
total 104 83 1.25

thyroid disease, type of contraception, gonadal irradiation, medication, place of residence, or
social class. A possible association between maternal gonadal irradiation and maternal meiotic
I and II division failures was observed. Obviously this association should be studied further as
low-dose irradiation was shown to be associated with Down’s syndrome by Uchida ¢t al. (1968).
The reactor accident in Chernobyl might elucidate the question about Down’s syndrome and
low-dose irradiation. The incidence of Down’s syndrome should be followed in areas with large
and small doses of fallout, and the type of failure of division studied with the sex ratio and last
menstrual period of the mother.

FACTORS DECREASING THE BIRTH PREVALENCE OF DOWN’S SYNDROME

Factors were: concentration of births at maternal ages 20-30; voluntary abortions; and
prenatal diagnosis.

The limitation of family size and reduction of births in the maternal age-groups over 35 has
made the greatest impact on the incidence of Down’s syndrome in developed countries.
Compared with the 1960s and the early 1970s, in 19791980 birth rates for those aged 35-39
fell by 58.89, and for those aged 40—44 by 78 %, (Mikkelsen et al. 1983).

Voluntary abortions accounted for 52 %, of the pregnancies in the age group 35-39, and
79 %, of the pregnancies in women over 40 ended with an induced abortion (Mikkelsen et al.
1983). More cases were avoided by induced abortion than by prenatal diagnosis. However, the
prenatal test has made a great impact on the incidence of Down’s syndrome in the age groups
over 35 in Denmark.

Prenatal diagnosis

In the period 1980-1985 in Denmark, 15333 pregnancies in women 35 and older have been
screened for Down’s syndrome and 123 fetuses with Down’s syndrome aborted. The total
number of cases found by the prenatal test were 147, more than one third of 425 Down’s
syndrome cases (prenatally and postnatally diagnosed) (table 7). All prenatally detected cases
were voluntarily aborted. A utilization rate of 709, for prenatal diagnoses for the whole
country and 75-85 9, for the Copenhagen area and certain areas in Jutland are the highest
utilization rates reported ; they are much higher than data reported by Luthy et al. (1980) or
data from New York State (Hook e al. 1981) or Australia (Mulcahy & Michael 1983). A much
higher utilization rate than the Danish one for advanced maternal age cannot be expected, and
the percentage has also kept nearly constant for the past 3 years.

With the main indication groups for the prenatal test used in Denmark (maternal age over
35, recurrence risk and recurrent miscarriages), 359, of the affected fetuses can be detected.

The causes of non-disjunction leading to Down’s syndrome are still unknown. The large
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TABLE 7. FETUsEs WITH DOWN’s SYNDROME (DS) PRENATALLY DIAGNOSED, AND TOTAL
NUMBER OF LIVE-BIRTHS (LB) IN DENMARK, 19801985

maternal age distribution... >34 <35 total
1980
no. of :
DS 11 3 14
LB 3351 53942 57293
1981
no. of
DS 16 4 20
LB 3352 49737 53089
1982
no. of
DS 28 1 29
LB 3531 49127 52658
1983
no. of
DS 25 6 31
LB 3511 47310 50821
1984
no. of
DS 22 5 27
LB 3943 47857 51800
1985
no. of
DS 21 5 26
LB 4171 49578 53749
total
DS 123 24 147
LB 21859 297551 319410

maternal-age effect is still a riddle. The European collaborative pilot study looking for causal
factors in non-disjunction has not given clear results (Aymé et al. 1986). We are far from the
prevention of Down’s syndrome but have been able to avoid a certain number of cases.

Maternal serum arp and Down’s syndrome

Screening for low AFP values in serum of pregnant women might be a possibility for a further
reduction in the number of Down’s syndrome cases.

Merkatz et al. (1984) demonstrated a significant association between low serum Arp and the
finding of trisomy 21 and trisomy 18 in the fetus. Since then several studies (Cuckle ¢t al. 1984;
Murday & Slack 1985) have shown the association of low aAFp and trisomy 21. It has been
proposed that a combination of maternal age and Arp values could reduce the number of
amniocenteses in the higher maternal age group, so reducing the number of miscarriages by
amniocenteses and, in addition, defining a risk group among younger pregnant women (Tabor
etal. 1984, 1987; Davis et al. 1985 ; Hershey et al. 1986). In many countries women are already
screened for high serum ArFP in programmes for detection of neural-tube defects (Brock
1984).

Ashwood ¢t al. (1987), in a retrospective study, found decreased AFp levels in maternal serum
and amniotic fluid in pregnancies with a trisomy 21 fetus. They constructed a risk table for
maternal ages 14-45 based on age risk and serum arp level, under the assumption that serum
AFP levels are similar in women over and under 35 years of age carrying a fetus with trisomy

22 [ 111 ] Vol. 319. B
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21. Also, Tabor et al. (1987) constructed an iso-risk curve for pregnant women based on age
and serum AFP level in 1980-1985 data from Denmark.

Before major screening programmes for low arp for the population of pregnant women are
implemented, prospective evaluation of low serum AFp values in well-established programmes
is absolutely necessary. It has to be considered that many women have to be offered
amniocentesis at week 17-19 of pregnancy, with considerable stress on the women (and
possibly the fetus) and the necessity of a late pregnancy interruption in cases of Down’s
syndrome, with a risk of miscarriage because of the procedure. A screening programme for low
and high serum-arp levels has to be debated in public when enough prospective data are
available and risks can be evaluated.

Brambati et al. (1986) showed an association between low maternal serum Arp levels and
fetuses with trisomy 21 in the first trimester of pregnancy. It is possible that more sensitive

assays in the low range and in early pregnancy will be available in the future. Research along
that line would be worthwhile.

In conclusion, the avoidance of several Down’s syndrome cases is possible by prenatal
diagnosis, restriction of family size and voluntary abortion, but primary prevention is still
not possible.
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Discussion

UrsurLa MrttwocH (University College London, U.K.). One factor that Professor Mikkelsen did
not mention as a cause of Down’s syndrome is the inheritance of the extra chromosome from
an affected mother by secondary non-disjunction. Would she give us the reason for this low
frequency? Are women with Down’s syndrome very infertile, or are they otherwise being
prevented from having children?

MARGARETA MIKKELSEN. I did not mention secondary non-disjunction because Down’s
syndrome women giving birth are extremely rare. I have never seen a case myself. There are
32 cases of Down’s syndrome women giving birth in the literature, and studies of the ovaries
of Down’s syndrome females have shown that there are follicles, but the frequency is
considerably reduced. The fertility of Down’s syndrome women is certainly reduced, but not
completely inhibited.

A. E. H. EMERY (The Medical School, University of Edinburgh, U.K.). The problem of Down’s
syndrome points up the distinction between prevention and avoidance. True prevention would
be the ideal whereby prenatal diagnosis would no longer be the entire answer. One solution
might be to encourage mothers to have their children at an earlier age, yet in some studies the
relation with maternal age is J-shaped, indicating that there may be an increased risk at
younger maternal ages also. Would Professor Mikkelsen comment on this, in particular in
relation to J. German’s theory of delayed fertilization as a result of sexual behaviour?

MARGARETA MIKKELSEN. I fully agree that prenatal diagnosis and voluntary abortion are
measures to avoid Down’s syndrome and not true prevention. True prevention would be
possible if environmental factors could be identified with certainty. There is also a risk of
Down’s syndrome in young mothers and an even higher risk in the very young. In our
1960-1971 study the risk of the age group 19 years and younger was higher than the risk in
the age group 20-30 (Mikkelsen et al. 19776). This could depend on the sexual habits of the
teenagers, with a risk of delayed fertilization, or be the result of hormonal disturbance in the
very young females. We had very few pregnancies in females younger than 18 years in our
1980-1985 study because of free abortion. The J-shaped curve for maternal ages was not

refound in the later study.
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