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Background

To arrive at an understanding of the epidemiology of mongolism and
to be able to consider its future research potential requires some
familiarity with the general concepts of mongolism and epidemiology,
as well as with the technical terminology associated with both. Ob-
viously it would be neither possible nor necessary to review these in
detail here, and therefore the general references include several re-
cently published books and papers to which the interested reader is
referred. However, it does appear worth-while and desirable to re-
view selectively those areas having special relevance to the particular
1ssues and problems discussed in this book.

Mongolism

“Furfuraceous idiocy” was a description given by Séquin in 1846
to a specific type of mental retardation. Many today still consider this
a most accurate description of the physical characteristics of the
mongoloid growth deficiency. In 1867, J. Langdon Down, influenced
by the racial hypothesis, described this mental deficiency syndrome as
“mongolism.” Through the years the racial implication of the term
mongolism has been responsible for suggestions to adopt such terms
as Down’s syndrome or Down’s anomaly. In spite of these efforts, the
term mongolism continues to be used extensively in the literature and
has been selected for use in this review. From 1846 until 1959 count-
less etiological hypotheses had been considered and examined but
almost all were eventually rejected when, in 1959, Lejeune, Gautier,

1



2 EPIDEMIOLOGY OF MONGOLISM

and Turpin (1959b) demonstrated what had been suspected earlier,
that mongols usually have a chromosomal anomaly (Bleyer; Penrose,
1939; Waardenburg). These investigators observed that most of the
cells of the examined patients had 47 chromosomes instead of the
usual 46 (Figure 1-1, Figure 1-2). This extra chromosome is
found in what is classified as chromosome pair 21 and has therefore
been responsible for the descriptive term trisomy 21 for this condition.
Observations from chromosomal studies in other species have dem-
onstrated that such trisomies develop as a result of nondisjunction, a
failure of homologous chromosomes to separate during the anaphase
stage of cell division (Bridges; Sturtevant). Nondisjunction occurring
during the first or second meiotic division is illustrated in Figures 1-3
and 1-4 in contrast to normal meiosis (Figure 1-5).

Shortly after the discovery of trisomy 21 it became evident that not
all cases of mongolism were characterized by trisomy. In 1960,
Polani, Ford, Briggs, and Clarke observed a mongol girl with only 46
chromosomes. It was postulated that a reciprocal translocation had
occurred between 2 chromosomal groups, one of which was probably
group 21. Specifically a break had occurred in one of the chromo-
somes and the broken part was transferred and fused with one of the
chromosomes of another group. The fertilized ovum containing an
extra piece of chromosome number 21 attached to another chromo-
some produces the same clinical consequence of mongolism as in
trisomy 21; this mechanism is illustrated in Figure 1-6. Other ways
by which translocations can occur have been postulated, and from
various cytogenetic surveys of mongols it has been estimated that
about 2 to 3 per cent of mongols are translocation mongols (Bregger,
Mohr, et al.; Cowie, 1966; Hamerton; Penrose & Smith).

The importance of translocation mongolism is that the translocated
chromosome is carried by a normal person and passed through several
generations (offspring number 3 in Figure 1-6); this is one of the
major reasons for the familial occurrence of mongolism.

A third cytological type of mongolism is mosaic mongolism. In this
condition certain types of cells contain the extra chromosome but the
remaining cells have the normal number of chromosomes. Thus, the
organism is composed of a mixture of cells with different numbers of
chromosomes. Mosaics can arise from a normal zygote with 46
chromosomes as a result of nondisjunction during mitosis (Figure
1-7), or they can arise from an abnormal zygote with trisomy due to
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BACKGROUND 9

(Figure 1-6 Continued)

Note: This diagram was originally presented by Polani in 1960, Chromosome 22 in the original
diagram is now classified as 21 and it is now recognized that the small fusion product is lost soon
after the translocation occurs. For illustration, the translocation is shown as having occurred
in a spermatogonium or oogonium. In the latter case, only one of the meiotic products becomes
a functional gamete; the others become polar bodies. If the translocation originated earlier in
development, the change would be propagated at each mitosis and more gonia would be affected
in the same way. The exact positions of breakage cannot be defined and the points indicated
have been chosen arbitrarily,

Offspring: 1 is a chromosomally unbalanced and presumably inviable zygote; 2 is normal,
phenotypically and chromosomally; 3 is a chromosomally balaneed phenotypically normal carrier;
he is chromosomally distinct and will produce the same tyvpes of gametes and offspring as the
affected parent: 4 is a mongol.

the loss of the extra chromosome during mitosis (Figure 1-8). The
available surveys indicate that about 2 per cent of mongols are
chromosomal mosaics (Cowie, 1966; Smith).

The importance of mosaicism in the total picture of mongolism is
probably greater than this frequency indicates. It is theoretically pos-
sible that normal mothers of trisomic mongols may be chromosomal
mosaics and that the abnormal chromosomal cells are in the ovarian
tissue. Thus, the ova produced by such individuals contain trisomic
cells and result in trisomic offspring. This type of mosaicism would
not be detectable by cytological studies of the usual somatic tissues.
Penrose and Smith, using dermatoglyphic surveys, estimated that
about 10 per cent of normal-appearing mothers of mongols are
chromosomal mosaics; they state that this could also occur in the
fathers of the mongols and estimate this frequency at about 1 per cent.

Epidemiology

Epidemiology is defined as the study of the distribution of a disease
in a population and of the factors influencing this distribution. Thus,
the epidemiologist is interested in the distribution of disease by age,
sex, race, urban-rural areas, geography, season, occupation, and other
population characteristics. Essentially, he is concerned with 2 aspects:
(1) differences in the frequency of the disease in different situations,
and (2) characteristics of those who have the disease as compared to
those who do not. This information is helpful both in suggesting
etiological hypotheses and in testing etiological hypotheses developed
from other scientific disciplines.

In describing the frequency of disease, 2 general types of rates are
used, incidence and prevalence rates, which are defined as follows:
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Number of cases of
mongolism that oc-
cur during a certain
period of time

(a) Incidence rate per 1,000 births = % 1,000
Number of births

These incidence rates can also be expressed in per cent, i.e., per 100
births. Reports in the literature show that investigators select and use
different denominators, such as total births (live and stillbirths) or
live births only and therefore the rates vary slightly depending on the
type of denominator.

Number of cases of
mongols existing at a
specified time
(b) Prevalence rate per 1,000 = > 1,000
Average number of
persons in population
at a specified time

It is important to note that the incidence rate provides a direct
measure of the probability of developing a disease and therefore is
the preferred type of measure. Prevalence rates are particularly useful
in assessing the need for services; however, differences or changes in
these rates may also provide a lead for further studies. The useful-
ness of prevalence rates is limited however, because they are related
not only to the incidence but also to the duration of the disease.
Prevalence is an indication of the balance between the development
of new cases in the population and the withdrawal of cases because of
death. In view of the relatively high death rates among mongols,
prevalence of mongols at any given time is a distorted reflection of
incidence.,

These rates—incidence and prevalence—can be computed sepa-
rately for the various forms of mongolism, for each sex, for different
age groups, for separate maternal age groups, order of birth, urban
and rural sections of the population, different countries, or for any
population group or subgroup where the appropriate numerator and
denominator figures are known.
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(0)
2l Trisomic Zygo&es—-\

(Standard Trisomic  (Mosaic Mongol)
Mongol )
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There are 2 types of epidemiological studies which will be referred
to here—retrospective and prospective studies. In retrospective stud-
ies, the investigator selects those with a disease and determines the
frequency of past events in which he is interested. This frequency is
compared with that of a control group of individuals for whom infor-
mation is obtained in a similar manner. If the frequency of selected
events is higher in the case than in the control group, an association
is said to exist between the disease and the selected past events. An .
example of this type of approach is the study of histories of lifetime
exposure to ionizing radiation among mothers of mongols as com-
pared to a control group (Sigler, Lilienfeld, et al., 1965a).

In a prospective study, the investigator selects persons who have the
characteristic of etiological interest and a group which does not. He
then follows these 2 groups and determines the frequency of the dis-
ease that develops. For example, if one is interested in studying the
relationship between ionizing radiation and mongolism in this man-
ner, one could select a group of women who have been exposed to
therapeutic radiation for various reasons and a group which has not.
One would then follow these women through their subsequent preg-
nancies to determine the incidence of mongol births. More detailed
descriptions of these 2 types of studies, as well as a discussion of their
advantages and disadvantages, can be found in publications by Mac-
Mahon, Pugh, and Ipsen; and Lilienfeld, Pedersen, and Dowd.
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Incidence

General

There has been a prolific accumulation of reports on the incidence
of mongolism among the newborn and a summary of these reports
representing some 34 studies is presented in Table 2-1. It includes
the year of study, geographical area, method of ascertainment of
mongols, and the number of births and mongols upon which the
incidence rates are based.

The methods used to determine the number of newborn mongols
have ranged from a retrospective review of hospital records to an ac-
tual examination of the newborn during a prescribed period of time.
We note in viewing Table 2-1 that the majority of the studies repre-
sent a retrospective review of hospital records. The errors inherent in
this approach are obvious; hospitals with pediatricians who have a
particular interest in mongolism would be more sensitive to such a
diagnosis and would probably be more disposed to record it on rou-
tine records. In addition, a large proportion of the reports come from
individual hospitals, where selective admission policies might have
inadvertently favored mothers with certain characteristics affecting the
incidence of mongolism, e.g., if a hospital selectively admits younger
mothers the incidence will be low, for as will be demonstrated later,
maternal age is significantly related to incidence. The reported rates
range from 0.32 to 3.4 per 1,000 births; the frequency distribution of
these rates is presented in Table 2-2.

15
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including local
health authorities.

Table 2-1. Summary of Studies on Incidence of Mongolism (per 1,000 Births), 1923-66
Investigator Number Num- Incidence
and year of Years of Geographical Method of of ber of rate per
report study area ascertainment births mongols 1,000
Malpas 1923-32 Liverpool, England Obstetrical records 13,964 1% 1.29
(1937 and guestionnaire (total)
10 parents.
Pster 1923-49 Rigshospitalet, See- Traced through 84,072 T 0.84
(1953) land Neighbouring diagnosis, card- {live)
Islands, Denmark indices and birth
records in 2 depart-
ments.
Jenkins 192631  Preshyterian Hos-  All newborns ex- 3,818 6 1.6
(1933) pital, Chicago amined and diag-
nosed by physician.
Beidelman 1930-44  Boston Lying-In Haospital records. about 42 3.4
(1945) (7 Hospital 12,352
Stevenson, 1930—41  Boston Lying-In Obstetric records. 29,024 15 0.52
Worcester, Hospital (total)
& Rice
(1950)
Hug 1930-49  Ziirich 5t. Gallen, Not reported. 67,645 130 1.9
{1951) Switzerland (total)
Parker 1939-48  Gallinger Munmicipal Obstetric records 27,931 i 1.15
(1950) Hospital, Washing- with pediatric (live)
ton, D.C. follow-up.
Record &  1942-52 Birmingham, Eng- Records of Mater- 231,619 252 1.09
Smith land nity Hospital, (total)
(1955) Children's Hospital,
Public Health Dept.
records, local health
authority, and data
from other study
Beolchini, 1942-57  Provincial Maternal Not reported. 54,482 91 1.7
Bariatti, & Institute of Milan (total)
Morganti
(1962)
Collmann & 1942-57 Victoria, Australia  All available medi- 780,168 1,134 1.45
Stoller cal and educational  (live)
(1963a) facilities contacted
by personal visits or
letters, review of
death certificates.
Harris & 1944-50  St. Marys Hospital, Physical examina- 8,716 11 1.26
Steinberg Rochester, Minn, tion during first 6 (live)
(1954) days of life, majority
of examinations by
authors.
Pleydell 1944-55 Northamptonshire, All medical and 52,729 86 1.63
(1957) England educational facilities (total)
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Table 2-1. Continued
Investigator MNumber Num- Incidence
and year of Years of Geographical Method of of ber of rate per
report study area ascertainment births mongols 1,000
Landtman 1945-48  University College  Obstetric and pedi- 3,593 4 1.11
(1948) Hospital, London atrie records, (total)
Carter & Varving London, England Hospital records of 71,521 107 1.5
MacCarthy periods in 12 maternity units (total)
(1951) different and hospitals.
hospitals.
Kurland 1945-54 Rochester, Minn. Diagnosed at birth 14,200 14 1.0
(1958) and subsequently (live)
confirmed at later
examination.
MeclIntosh, 1946-53  Sloane Hospital Each infant had 5,964 11 1.8
Merrit, for Women, careful examination  (total)
ef al. N.Y. City by pediatrician;
(1954) 6 and 12 months
follow-up examina-
tion.
Gentry, 1948-55 N.Y. State (exclu-  Birth and death 1,242,744 392 0.32
Parkhurst, sive of N.Y. City)  certificates. (live)
& Bulin
(1959
Buchan 1948-59 Newcastle-upon- Review of pediatric 61,821 52 1.48
(1962) Tyne, England notes, register of (total)
defective children
death certificates,
hospital records.
Stark & 1950-64 Lower Michigan Birth certificates, 2,722,774 2,432 0.89
Mantel state institutions, (live)
(1967T) hospitals, and
public schools,
Leck 1950-65 Birmingham, Birth records, hos- 316,954 513 1.62
(1966) England pital admission re- (live)
turns, death certifi-
cates, necropsy
reports, local
healih authorities.
McDonald 1952-55 Watford, England  Examination of 3,179 6 1.9
(1961) newborn by physi- (live)
cian,
Lunn 1953-58 Glasgow, Scotland Mot reported. 128,000 130 1.02
(1959) (approx.
total)
Hedberg, 1954-58 Gothenberg, Follow-up of preg- 3,000 4 1.33
Holmdahl, Sweden nant women who (total)
el al. visited a prenatal
(1963) care center in

Gothenberg and
pediatric records.
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Table 2-1, Concluded
Investigator MNumber MNum- Incidence
and year of Years of Geographical Method of of ber of rate per
report study area ascertainment births mongols 1,000

Renwick, 1955 British Columbia, Registry for handi- 34,138 50 1.46
Miller, & Canada capped children (live)
Paterson and vital records.
(1964)
Babbott & 1955-60 Pennsylvania Review of hospital 25,760 26 1.01
Ingalls records of new- (live)
(1962) borns.
Brewis, 1955-61 Carlisle, Cumber-  Review of all medi- 8,528 10 1.2
Poskanzer, land, England cal records in com- (live)
et al. munity, including
(1966) physician records.
Halewvi 1959-60  Israel Review of obstetric 90,792 97 1.07
(1967) records in hospitals.  (total)
Turner 1960 Pennsylvania Estimation from 243,118 304 1.25
(1963) death certificates (live)

and records of

mongols in insti-

tutions.
Hall 1961-62 Southern Sweden Pediatrician's re- 25,038 38 1.52
(1964) ports of all suspect (total)

cases of mongolism

and cytological

follow-up of 90 per

cent and climical

examination.
Stevenson, Approxi- 24 hospitals in 16 Study from a fixed 416,695 347 0.83
Johnston, mately countries date in each hospi-  (total)
er al, 1961-64 tal, information and
(1966) detailed description

by physician ab-

tained on each mal-

formation in every

still and live birth

over 28 weeks of

gestation. Physician

described each mal-

formation.
Spellman 1962-63 Cork City and Survey of physi- 15,517 27 1.7
(1966) County, Ireland cians and midwives (total)

and maternity hos-

pitals.
Robinson  1962-66 Denver, Colo. Chromosomal anal- 11,646 13 1.12
& Puck (2 hospitals) ysiz of newborn in (total)
(1967) whom mongolism

was clinically sus-

pected.
Daviden- Mot re- Leningrad Mot reported. 131,634 134 1.02
kova, ported (total)
Shiil'bans,
et al, (1964)
Brochier Mot re-  Hospital of Croix-  Not reported. 15, 600 18 1.15
(1947) ported Rousse (total)

Nete: Total includes live births and stillbirths.
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Table 2-2. Frequency Distribution of Reports of Incidence Rates of Mongolism (per 1,000

Births)
Incidence rate
(per 1,000 births) Number of reports

<1.0 5
1.0-1.4 18
1.51.9 10
2.04 1
Total 34

When one considers the element of variability in the diagnostic cri-
teria, in the record keeping, in maternal characteristics, etc., in these
reported studies, it is surprising to find that the incidence rates show
as high a degree of uniformity as they do. The two reports where the
incidence of mongolism was determined concurrently were by Hall
and by Mclntosh, Merrit, Richards, Samuels, and Bellows; the first
showed an incidence rate of 1.5 and the latter, 1.8 per 1,000.

The reports are arranged as nearly as possible in chronological
sequence in an attempt to provide some idea of possible frequency
changes in mongolism over time. Although these data may well be
too crude and variable to discern any trend (if one exists), it was felt
that any marked changes in incidence would be apparent. These data
do not suggest such a trend, but do not rule out the possibility that
slight or moderate changes in incidence rates have occurred.

The reported incidence rates are based on the determination of the
presence of mongolism at the time of birth. In evaluating incidence
rates, either in general or in terms of specific subgroups of the popula-
tion, there are other considerations that must be taken into account.
Over the past several years, the results of chromosomal studies of
abortions, both spontaneous and induced, have been reported
(Makino, Kikuchi, ef al.) and in general have shown a high frequency
of chromosomal changes. The examination of about 261 spontane-
ously aborted fetuses reveals that about 28 per cent had chromosomal
abnormalities, which is much greater than the frequency observed
among live-born infants. A review of these papers indicates that
about 4 per cent (10 out of 261) of the spontaneous abortions have
trisomy 21 (Table 2-3); this proportion is obviously higher than the
frequency of mongolism among newborn,
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Table 2-3. Summary of Reports on Chromosomal Studies of Spontaneous and Induced
Abortions, 1960-66
Abortions
Mumber
Investigator  Years Number Number other
and year of  of exam- of  trisomic
report study Study method Total ined trisomy 2l types
Makino, 1960-61 Random samplings from dif- 135 127 (i 0
Kikuchi, ferent organs of legally
et al. aborted fetuses from several
(1962) hospitals of private facilities
located in different districts
in the city of Sapporo.
Szulman 1961-62  All available material from 75 25 3 E-2
(1965) spontaneous abortions except C=1
infected ones, Department of
Pathology, Boston Lying-In
Hospital and Harvard Medi-
cal School (amnion chosen to
grow in culture).
Carr 1962 Chromosome studies in cells 35 35 1 E-1
(1963) grown from tissue obtained D-3
from 35 spontaneous abor-
tions, 6 stillborn infants.
Aborted specimens were un-
selected except if there was
good reason to doubt spon-
taneity.
Carr 196265 South Western Ontario: col- 400 227 [ A-1
(1967) lected in 214 vears (1) spon- {1 with B-1
taneously aborted embryos, abnormal C-2
fetuses, and sacs which were G) D-6
successfully grown in culture; E-%
(2) spontancous abortions F-1
which failed to grow in cul-
ture; (3) induced abortions,
ectopic pregnancies, and
stillborn infanits.
Clendenin 1963 Department of Obstetrics 140 con- 10 0 E-1
& and Gynecology and De- clusions
Benirschke partment of Pathology, of preg-
(1963) Mary Hitchcock Memorial  nancy
Hospital, Hanover, N.H. All
tissue from spontancous 18 spon-
abortions and previable taneous
deliveries treated in the abor-
hospital. Usually these were  tions
incomplete abortions,
Waxman, 1964-66 All consecutive abortions 149 25 0 E-4
Arakaki, from a large maternity hos- F-1
& Smith pital were examined for
(1967) chromosome abnormalities

(Hawaii). Specimens screened
by pathologist. 149 were
spontaneous abortions.

=
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Table 2-3, Continued

Abortions
Number
Investigator Years Number MNumber other
and year of of exam- of trisomic
report study Study method Total ined trisomy 21 types
Thiede & Mot re- 51 specimens came from emer- 72 20 1 E-1
Salm ported gency department or
(1964) gynecological floor — gesta-
tional tissue lying free
in vagina or specimen
from operating room. 21
were acquired at time of
therapeutic abortion (18-
month period).
Hall & Mot re- Aborted placental tissue Mot re- B 0 A-2
Killen ported where no remnants of fe- ported
(1964) tuses were found, Material

is part of a collection for a
systematic investigation of
fetal wastage and malforma-
tion. Lund, Sweden, Depart-
ment of Genetics and De-
partment of Embryology.

To estimate the incidence of trisomy 21 in terms of conceptions, let
us assume that 15 per cent of conceptions terminate in a fetal death,
4 per cent of which have trisomy 21, and that 1.5 per 1,000 live-born
have trisomy 21. The relationships which result would be as follows:

000 Conceptions

/ N

850 Live Births 1SO Fetal Deaths
Trisomy 2l Trisomy 2|
1.3 6

Thus, the incidence rate per 1,000 conceptions would be 7.3. In
order to obtain a more acceptable estimate, one should adjust for
maternal age and take into account the variations in the frequency of
abortions by maternal age, for there is the possibility that the fre-
quency of trisomy 21 among abortions may vary with maternal age.
Unfortunately, there are no data available to do this adequately.
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From this computation, one can estimate that about 80 per cent of
conceptions with trisomy 21 terminate in abortions and about 20 per
cent go on to be live-born. This implies that in epidemiological studies
of mongol births we are merely studying the “top of the iceberg.” The
restriction of epidemiological studies to cases of mongolism exclu-
sively, limits the potential inferences regarding etiological factors of
trisomy 21. It is quite possible that factors causing trisomy 21 are
confounded with other factors that cause the fetus with trisomy 21 to
abort or to survive the fetal period.

It would appear profitable to pursue these chromosomal studies of
abortions further and to integrate them with other epidemiological
studies of mongolism. There are, of course, technical problems in
such studies which have been recently discussed by Carr (1967) and
participants at the Geneva Conference (WHO).

Racial and Ethnic Groups

Epidemiologists and geneticists are interested in determining
whether there are differences in the frequency of disease in different
racial and ethnic groups, since they may reflect differences in environ-
ment, living habits, or possibly the genetic composition of the groups.
A lead to possible specific etiological factors may be forthcoming
from such observations.

For many years, it was believed that mongolism occurred only in
the white (i.e., Caucasian) race. However, through the years, reports
of mongols from practically every racial group and country have ap-
peared, indicating that mongolism does occur in all races and ethnic
groups. Despite these reports, very little definitive information is
available on actual incidence rates for the many racial groups.

For Negroes, there are 3 reports of incidence rates. Parker re-
ported an incidence rate of 1.16 per 1,000 Negro births in the U.S.,
which is not significantly different from that of 1.03 per 1,000 Cauca-
sian births. Kahn reported a rate of 1 per 1,000 African live births in
South Africa; however, it is difficult to evaluate this rate in the ab-
sence of information on the method of case ascertainment. The third
report is from Babbott and Ingalls who analyzed the cases of mon-
golism stated on Pennsylvania birth certificates in 1960 and found an
incidence of 0.43 per 1,000 white and 0.12 per 1,000 Negro live
births. In view of the high degree of underreporting of mongolism on
birth certificates, the racial difference may merely reflect differences
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in degree of diagnosis and reporting; therefore, caution must be
exercised in judging this comparison.

For the Egyptians, Hashem and Sakr reported an incidence of 1.25
per 1,000 total births from one sector of Cairo.

Of interest are the observations by Davies in Israel. He was able to
study 100 per cent of the pregnant residents of western Jerusalem
during 1964-66, including the outcome of their pregnancies. The
migration of Jews to Israel from different areas during the past several
years enabled Davies to determine the frequency of mongolism among
the different migrant groups according to continents of origin (Table
2-4).

The higher rates among migrants from Africa (essentially North
Africa) are of interest, as well as the fact that the rates for all of the
groups are generally higher than those reported in other series (Table
2-1). The differences may reflect differences in the maternal age dis-
tribution of the live births, although the maternal ages for the Asian
group are higher than those for the Africans. Granted these results
are preliminary and the number of cases studied small, further study
appears worth-while. It should be noted that Davies’s results are in
contrast to those of Halevi, who reported a rate of 1.21 per 1,000 in
Israel in 1959-60 among Ashkenazim (European origin) in contrast
to 0.94 for those of Middle East origin; these rates were based on a
retrospective review of obstetric records which would underestimate
the rate.

The most extensive data recently became available from an investi-
gation conducted under the auspices of the World Health Organiza-
tion. This study involving 16 countries was conducted in 24 centers
to ascertain the incidence of congenital malformations among births
(Stevenson, Johnston, et al.). Information was obtained on 421,781
pregnancies in these areas during the period 1961-64 covering at least
10,000 births in each center; included among the malformations was

Table 2-4. Incidence of Mongolism (per 1,000 Live Births) by Continent of Origin, Western
Jerusalem, Israel, 1964-66

Continent of origin

Europe or  Israel Israel
Asia Africa America (Jews) (Mon-Jews) Total
Number 13 16 5 18 1 53
Rate per 1,000 live births 3.0 3.7 2.2 2.9 2.3 3.0

Source: Davies, A, M. 1968, Personal communication.
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mongolism. Table 2-5 presents the incidence rates, standardized for
maternal age, for the individual centers. Many of the differences in
the reported incidence rates may represent sampling fluctuation, since
the rates in many centers are based on small numbers of cases. In
evaluating these differences, it is also necessary to take into account
the differences in diagnostic criteria and sensitivity in recognition of
mongolism that most certainly exist in these centers. These factors
make it impossible to determine whether these reported differences
represent real differences in incidence in these populations. Nonethe-
less, they do indicate the need for more definitive studies in selected
countries.

It is of special interest that no cases of mongolism were reported
from Alexandria, from the 2 centers in India, or among the 4,141
births to Indian mothers in Kuala Lumpur, and that only one case was
reported among 3,119 births to Indian mothers in Singapore. The

Table 2-5. Incidence Rates of Mongolism Standardized for Maternal Age for Selected Centers
in Various Countries

Maternal age-
standardized incidence

Total number MNumber of rate per
Country single births mongols 1,000 total births

Melbourne, Australia—center 4 7,844 8 0.93
Melbourne, Australia—center B 3,921 ] 2,00
Sao Paulo, Brazil 14,421 11 0.86
Santiago, Chile 23,720 37 1.34
Bogota, Colombia 18,812 10 0.57
Medellin, Colombia 20,459 18 0.81
Czechoslovakia 20,074 27 2.02
Alexandria, Egypt 9,598 i 0. 00
Hong Kong 9, 872 1 0.17
Bombay, India 39, 498 0 0.00
Calcutta, India 19,191 0 0,00
Kuala Lumpur, Malaysia 15,937 3 0.16
Singapore, Malaysia 39,683 17 0.37
Mexico City, Mexico—center A 24,700 46 1.97
Mexico City, Mexico—center B 14,083 22 1.72
Belfast, Northern Ireland 28,001 28 1.07
Panama City, Panama 15,852 17 1.44
Manila, Philippines 29, 669 17 0.54
Cape Town, South Africa 3,051 0 0.00
Johannesburg, South Africa 11,176 ] 0,83
Pretoria, South Africa 10,025 [ 0.59
Madrid, Spain 19,714 39 1.75
Ljubljana, Yugoslavia 8,888 20 3.89
Zagreb, Yugoslavia 8,416 6 2.47

Total 416,695 47 0.83

* Source: Stevenson, A. C., Johnston, H. A., Stewart, M. I. P., & Golding, D. R. 1966. “Con-
genital malformations: A report of a study of series of consecutive births in 24 centres." Bull.
WHO, Suppl. 34, 9-127,
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analysis of the total experience among Indian mothers in all of these
areas indicates that only one mongol birth was reported among nearly
66,000 births. Although this low rate may reflect a low degree of
sensitivity in the recognition of mongolism in these centers, it is diffi-
cult to believe that the 66 cases expected, if a rate of 1 per 1,000
births had prevailed, would have gone unnoticed. The authors of the
report indicate that correspondence with several of the local or-
ganizers of the study suggested that specific difficulties in their respec-
tive centers may have been responsible for missed cases.

This set of data on incidence rates in these countries is of con-
siderable value, for it suggests geographical areas where potentially
fruitful and more definitive studies can be conducted. For example, it
would appear worth-while to carry out chromosomal surveys of all
newborn in the countries with high and low rates, such as Yugoslavia
and India. If these rates are confirmed by more definitive studies, it
would then be desirable to proceed with appropriate epidemiological
studies to determine the possible reasons for the differences.

An aspect of the possible influence of race that has captured the
interest of several investigators is the relative frequency of different
chromosomal types of mongols. Starkman and Shaw summarized the
literature on the frequency of translocation among Negro mongols
and found that of 31 Negro mongols, 6, or 20 per cent, had trans-
locations, which is higher than the approximate 3 per cent reported in
Caucasian populations (Table 2-6). However, in their own study of
the chromosomes of 20 Negro mongols from 3 large state institutions
in Michigan, they found no translocations. It is possible that the re-

Table 2-6. MNegro Mongols Found in Literature Survey

Number of Negro mongols

With With
Investigator and year of report Total trisomy 21 translocation
Hayashi (1962) 3 2 1
Migeon, Kaufmann, & Young (1962) 1 1
Sherz (1962) 1 1
Dekaban, Bender, & Economos (1963) 6 [
Mercer, Keller, & Lansdale (1963) 1 1
Walker, Carr, et al. (1963) 2 1 1
Tompkins (1964) 2 2
Wilton (1964) fi 6
Migeon (1965) 1 1
Weinstein, Rucknagel, & Shaw (1965) 8 6 2

Source: Starkman, M, N. & Shaw M. W. 1957. ""Atypical acrocentric chromosomes in Negro
and Caucasian mongols." Amer.J. Hum. Gener. 19: 162-73.



26 EPIDEMIOLOGY OF MONGOLISM

ports in the literature represent biased reporting. Investigators tend to
report the unusual or less frequent types of chromosomal mongols,
which would therefore result in a higher frequency of translocation
mongols.

Among the Japanese, Tonomura, Oishi, Matsunaga, and Kurita
reported finding 6 translocations among 127 mongols, about 5 per
cent, which is not too different from that observed in Caucasian
populations.

Most recently, Huang, Emanuel, Lo, Liao, and Hsu summarized
the reports of studies on the frequency of different chromosomal types
of mongols in different countries, including Caucasian, Japanese, and
Chinese populations. Limiting his summary to those series which
contained 20 or more cases, the results clearly fail to show any
differences in frequencies (Table 2-7).

From this review of available data, it becomes quite evident that
more definitive information on the incidence rates of mongols from
the different racial and ethnic groups in the countries throughout the
world would be useful, but must be obtained in as uniform and
systematic a manner as is possible in order to be of value in the search
for etiological factors.

Table 2-7. Percentage Frequencies of the Major Chromosomal Anomalies in Down's Syndrome

e e = = ————

Chromosomal anomalies

D/G G/G  Trisomy

Investigator and Trisomy Trans- Trans- G,/ MNormal
Country year of report Mumber G location location mosaic
United States Hayashi (1963) 78 93,59 3.85 0.00 2.56
Canada Sergovich, Soltan,
& Carr (1964) 96 97.92 0.00 2.08 0.00
United Kingdom Chitham & Maclver
(1965) 103 03.20 2.91 0.97 2.91
Hamerton, Giannelli,
& Polani (1965) 155 92.90 1.29 2.58 3.23
Richards, Stewart, er al.
(1965) 224 95.09 0.89 1.34 2.68
Sweden Hall (1964) 58 08.28 1.72 0.00 0. 00
Gustavson (1964) 99 92.93 1.0 4.04 2.02
Finland Aula & Hjelt (1964) 23 91.30 4.35 0.00 4.35
Edgren, De La Chapelle,
& Kiaridien (1966) 72 98.61 0.00 0.00 1.39
Japan Makino (1964) a5 98.95 1.05 0.00 0.00
Taiwan Huang, Emanuel, e al.
(1967) 77 o4, 81 2.60 1.30 1.30
Total All studies 1,080 95.19 1.48 1.39 1.94

Source: Huang, S. W., Emanuel, I, Lo, J., Liao, S. K., & Hsu, C-C. 1967. “A cytogenetic
study of 77 Chinese children with Down’s syndrome.” J. Ment. Defic. Res. 11: 147-52.
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Maternal Age

One of the well-substantiated observations concerning mongolism
is its increased incidence with advancing maternal age. Table 2-8
summarizes most of the studies which provide incidence rates for
mongolism in the various maternal age groups, and Figure 2-1 pre-
sents the data in terms of logarithms of incidence rates. Despite
differences in methods of ascertainment in these studies (Table 2-1),
there is a notable consistency in the findings.

Some investigators have used a different approach to study the
effect of maternal age, an indirect one; the maternal age distribution
of a group of mongols is compared to a similar distribution of con-
trols, or to a population of births, and a relative incidence by age
group is computed by calculating the ratio of the per cent of mongols
to the per cent of controls. The results of several of these studies are
summarized in Table 2-9 and Figure 2-2. It is noteworthy that the
shapes of the curves in Figures 2-1 and 2-2 are similar.

In general these data indicate that the risk of mongolism remains
practically constant up to 30 years, after which it continues to increase
during the remainder of the reproductive period; the curve of the
logarithms of the rates from the 30 through 35 year age group onward
is almost linear, although a slight decrease in the rate of increase
appears after 45 years of age. It is also noteworthy that the same
general pattern of the relationship between mongolism and maternal
age persists during different time periods and in different countries.

Table 2-8. Summary of Selected Studies on Incidence Rates of Mongolism (per 1,000 Births)
by Maternal Age, 1923-64

Investigator, year of report, and years of study

Renwick, Daviden-
Collmann Carter Stark Miller, Stevenson, kova,
& & & & Johnston, Shtil'bans,
@ster Stoller MacCarthy Mantel Patterson Halevi et al. ef al.
Maternal (1956) (1962) (1951) (1966) (1964) (1967) (1966) (1964)
age 192344 1942-57 1943-49 1950-64 1955 1959-60 1961-64 Notreported
<15 - S— - — — - 0.30 -—
15-19 — — — — - — 0.50 —
<20 0.61 0.43 0,00 0.43 0.36 0.37 —_ 0.17
20-24 0.69 0.62 0.28 0.43 0.36 0.45 0.32 .48
25-29 0.70 0.83 0.29 0. 51 0.43 0.46 0.38 0.46
30-34 1.14 1.15 1.72 0.87 0.61 1.07 1.63 0.80
315-39 3.58 3.50 3.52 2.64 1.89 2.74 2.11 2.66
40-44 10.30 9.93 14.18 - 7.80 T.53 6.34 9. 60
40+ - — —_ 8.59 — — — —_
454 17.80 22.00 26.32 —_— 11,44 3.19 16.65 9.61
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Figure 2-1. Incidence Rates of Mongolism by Maternal Age from Selected Studies, 1923-64.

In interpreting this relationship of mongolism with maternal age, it
is necessary to determine if it is primary or a reflection in whole or in
part, of a relationship with birth order or paternal age or both, since
maternal age, paternal age, and birth order are all interrelated. It is
of historical interest that one of the early observations was that mon-
gols were frequently born last (Shuttleworth), leading clinicians to
believe that mongolism was due to the exhaustion of maternal repro-
ductive powers from frequent childbearing. The confounding in-
fluence of these 3 related factors made it essential to distinguish be-
tween their respective effects. Penrose (1939), in a series of papers
in the 1930s, developed some statistical analytical methods which in-
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Table 2-9, Summary of Selected Studies of Relative Frequency of Mongolism
(per cent Mongols/per cent Controls) by Maternal Age

Akesson & Akesson & Tonomura,

Chitham & Forssman Forssman Oishi,

Maternal Matsunaga MaclIver (1966) {1966) et al.
age (1963) (1965) A B (1966)
<20 0.46 0.44 0.33 0.30 e
15-24 — — — - 0.42
20-24 0.53 0.56 0.40 0.33 -
25-29 0.52 0.55 0.39 0.44 0,88
30-34 0.85 0.62 0.69 0.72 1.38
35-39 2.48 2.30 1.85 2.26 3.35
4044 5.31 6.01 5.73 7.20 —
404 — — — — 4,20
454 18.73 10.71 10.32 16.71 —_

Note: Akesson & Forssman (1966), A = Swedish patients, B = English patients.

dicated that maternal age was the principal variable and paternal age
and order of birth had no effect. The methods used by Penrose were
indirect ones, particularly the one differentiating between the effects of
maternal and paternal age. More recently, Sigler, Lilienfeld, Cohen,
and Westlake (1965b) used a more direct approach in evaluating the
relative importance of maternal and paternal ages in a study in Balti-
more. The results of their study will be described in more detail later.
At this point in our discussion it is sufficient to mention that this
analysis did not indicate any paternal age effect.

In analyzing the maternal age distributions of mongol children,
several investigators have called attention to bimodality in the curve—
that is, a smaller peak in the maternal age distribution for the younger
and a larger peak for the older mothers of mongols (Figure 2-3).
This observation, Penrose (1939) postulated to mean that there are
essentially 2 components, one which he termed class A4, age-inde-
pendent, and the other class B, age-dependent. The latter curve essen-
tially consists of an exponential increase of incidence with advancing
maternal age. He went on to estimate the relative proportion of these
2 components by comparing the maternal age per cent distribution of
mongol cases with that of total births in the population. Originally,
Penrose had estimated that 22 per cent of the mongols were age-
independent cases; however, in a more recent analysis of a series of
maternal age distributions of cases collected in 11 countries, he esti-
mated that 33 to 50 per cent are in the age-independent class A, the
per cent varying with the maternal age distribution of the selected cases.

Before proceeding to consider the issue of 2 components, it would
be well to consider the question of the bimodality of the age distribu-
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tion. It has been pointed out by Sigler, Lilienfeld, Cohen, and West-
lake (1965b) that this early peak in the age distribution may repre-
sent a statistical artifact, reflecting the relatively larger number of
births between the ages of 20 and 29 in the general population. This
can be demonstrated as follows: 2 theoretical populations of births
have been developed and their maternal age distributions, similar to
those found in actual populations, are shown in Table 2-10. In Popu-
lation A, the peak in the maternal age distribution for total births has
been placed in the 25 to 29 year age group, and in Population B in
the 20 to 24 year age group. By applying the same age-specific inci-
dence rates for Down’s syndrome to each of these theoretical popula-
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Figure 2-2. Relative Frequency of Mongolism (per cent Mongols /per cent Controls) by Maternal
Age,



INCIDENCE 31

36 ALL BIRTHS

3 : - === MONGOLOID BIRTHS
":E 28 E
- —
@ - !f' "‘xx

4
m 2 i 5 *
W !
o 20F / \

1 A
w ra "h-.._. ll
w |6 ‘,"' \
= = / ".1||
Z 2k
w [ » \
/

EI 8 I / \
o I; 7 H\

4 / s

l— &
0 " e | I I 1 1

10-14 15-19 20-24 25-29 30-34 35-39 40-44 45and
over

QUINQUENNIAL AGE GROUPS

Figure 2-3. Distribution of All Births and Mongol Births by Maternal Age, Victoria, Australia
1942-57 (from: Collmann & Sroller, 1962).

tions, the expected number of cases for each maternal age group can
be calculated. In each population, peaks are found in the maternal
age distribution of mongolism which correspond exactly to the peaks
in the theoretical populations of births. The effect of changing the
peak of the birth distribution has been the movement of the sec-
ondary maternal age peak among mongols from age group 25 through
29 up to group 20 through 24 (Table 2-10 and Figure 2—4). In addi-
tion, it is clear from the age-specific incidence rates (Figure 2-1) that
the risk of mongolism does not increase in the 20 to 29 year maternal
age group.

Despite the possible interpretation of bimodality, it would be help-
ful to think in terms of separating mongols into 2 components based
on maternal age-specific incidence rates. Examination of Figures 2—1
and 2-2, which present these data, indicates that prior to 35 years of
age, the rate is relatively stable. If one assumes, as did Penrose, that
the rate at the youngest age is almost entirely age-independent, a not
too unreasonable assumption, one could subtract this rate from all
subsequent rates and then determine the rates for age-dependent
mongolism.
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Table 2-10. Theoretical Maternal Age Distributions of 2 Populations, Demonstrating the
Movement of the Early Down's Maternal Age Peak with Actual Age-Specific
Incidence Rates Held Constant

—

Number and per cent of cases of

Age- Mumber of births in Down's syndrome expected
specific general populations
incidence {theoretical) Population A Population B
Maternal per 1,000 —_——————
age births Population 4 Population B Number Per céent Number Per cent
15-19 0.00 10,000 10, 000 ] 00.0 0 00.0
20-24 0.28 11,428 | 103,448 20 12,5 (29 ] 18.1
25-29 0.29 [ 103,448 71,428 | 30 18.8 21 13.1
30-34 1.72 15,116 15,116 26 16.2 26 16.2
35-39% 3.52 12,500 12,500 44 27.5 44 27.5
4044 14.18 2,397 2,397 34 21.2 34 21.3
454 26.32 227 227 6 3.8 6 3.8
Total 1.51 215,116 215,116 160 100 160 100

Note: These theoretical populations are similar in shape to actual populations and are similar
to one another except for a reversal between the 20-24 and 25-29 age groups in regard to number
of births. Age-specific incidence rates from Carter & MacCarthy (1951).

Source: Sigler, A. T., Lilienfeld, A. M., Cohen, B. H., & Westlake, J. E. 1965b. *Parental age
in Down's syndrome (mongolism).” J. Pediar. 67: 63142,

Computations of this type are presented in Table 2-11 using
@ster’s (1956) incidence rates. Thus, if one assumes a rate of 0.6
per 1,000 as the age-independent rate, this represents 9 per cent of the
cases where maternal age is under 20 years. Subtraction of these
rates from the total rates is presented in column 3 and the proportion
of the total rate in each maternal age group that is age-independent
is presented in column 4.

To estimate the actual proportion of cases in both of these groups
from a realistic viewpoint, the maternal age distribution of live births
in the U.S. was used to compute the expected number of total mon-
gols, number of age-dependent and age-independent mongols using
Oster’s (1956) maternal age-specific incidence rates (Table 2-12).
We note that with these incidence rates, we would expect a total of
5,220 mongols, of which about 50 per cent would be maternal age-
independent.

It should be pointed out that the proportion of mongols that is esti-
mated to be independent of maternal age will vary depending upon
the maternal age distribution of live births. Thus, if all births were
among mothers under 30 years of age, clearly a larger proportion
would be maternal age-independent, and the converse would be true
if a large proportion of births were among mothers over 40 years
of age. It is important to remember the distinction when inter-
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Figure 2—4, Theoretical Distributions of General Populations 4 and B with Corresponding
Distributions of Cases of Down's Syndrome Using the Same Age-Specific Incidence Rates on
Each Population ( from: Sigler, Lilienfeld, et al., 19658).

preting any data on the proportions of mongols that are age-dependent
or age-independent.

One interesting aspect of the maternal age-mongolism relationship
relates to the possible control of mongolism through family planning.
Thus, it would be of interest to speculate on what proportion of mon-
gol births would be prevented if reproduction ceased at specified ages.
This is illustrated in Table 2-13 which presents the cumulative ex-
pected number and per cent of mongols starting at the older ages
using the data on number of births and incidence rates of mongolism
from Table 2-12. One finds that about 20 per cent of mongol births
would be born to mothers 40 years of age and over. This suggests
that a relatively simple means of decreasing the number of mongols is
available by limiting the number of pregnancies among older mothers.
One would expect a decrease of between 20 to 45 per cent in the
frequency of mongolism if family limitation was practiced by mothers
35 to 40 years of age.

Cytological Types of Mongols and Maternal Age. There has
been considerable interest in determining whether there is any differen-
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Table 2-11. Estimation of the Proportion of Maternal Age-Independent and Age-Dependent

Mongols
Incidence rates (per 1,000)
Proportion of
Age-independent Age-dependent age-independent
Maternal Total A B mongols
age (1) (2) (3) (4) = (2/1)

< 20 0.61 0.6 0.01 0.98
20-24 0.69 0.6 0.09 0.87
25-29 0.70 0.6 0. 10 0.36
30-34 1.14 0.6 0. 54 D.53
3539 3.58 0.6 2.98 0.17
4044 10,30 0.6 9.70 0.06
454 17,80 0.6 17.20 0.03

—— e — e

|
1
|

tial frequency in the different forms of mongolism by maternal age.
Most recently Wright, Day, Muller, and Weinhouse summarized 19
reports on 1,302 patients (Tables 2-14 and 2-15). It is clear from
Table 2-14 that translocations are more frequent at young maternal
ages; 8.9 per cent of mongols born to mothers under 30 years of age
are translocation mongols, as compared to 2.1 per cent over 30 years
of age. Subdividing the translocations into the different types—
sporadic and inherited—we note that at younger maternal ages, about
41 per cent of the D/G 21 translocations are inherited and 59 per cent
are sporadic, i.e., the parents have normal chromosomal patterns. On
the other hand, only 8 per cent of the G/G 21 translocations are in-
herited and 92 per cent are sporadic. Viewing the matter in terms of
the frequency of sporadic translocation of both types by maternal age,
we note that among the young mothers 75 per cent are sporadic as

Table 2-12. Estimation of the Expected Number of Total and Maternal Age-Independent and
Age-Dependent Mongols

Expected number of mongols

Maternal Live births A B [ 4
age U.8. 1960 Total Age-independent Age-dependent
< 20 593,746 362.1 356.2 5.9
20-24 1,426,912 984.5 £56.1 128.4
25-29 1,002,816 765.0 655.7 109.3
30-34 687,722 T84.0 412.6 371.4
35-39 359,908 1,288.4 215.9 1,072.5
4044 a1, 564 943.1 54.9 888.2
454 5,182 92,2 3.1 89.1

Note: Columns A, B, and C based on rates in column (1), (2), and (3) respectively, of Table
2-11.

Source: U.S. Department of Health, Education, and Welfare. 1962. Public Health Service.
Vital Statistics of the United States, 1960, Vol. 1, Natality, U.S. Government Printing Office.
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Table 2-13. The Cumulative Expected Number and Per Cent of Mongol Births (from Older
to Younger Maternal Ages) by Maternal Age Estimated for U.5. Live Births, 1960

Cumulative expected number of mongols

Maternal age Number Per cent

<20 5,219 100, 0
20-24 4, 857 93.1
25-29 3,873 74.2
30-34 3,108 50.6
35-39 2,324 44.6
40-44 1,035 19.9
1.8

45+ 92

compared to 8§35 per cent among the older mothers. These differences
are not statistically significant and may be the result of the small
number of cases in these groups.

Interpretation of the Maternal Age Effect. The increasing in-
cidence of mongolism with increasing maternal age is probably the
most striking epidemiological characteristic of mongolism. It reflects
an increase in the frequency of nondisjunction with advancing mater-
nal age, and several hypotheses have been offered to explain this
phenomenon.

One hypothesis is that of uterine selection. This states that the
frequency of nondisjunction is equal at all ages but that the “ac-
ceptability” for uterine implantation of the trisomic fertilized ovum
varies with age, i.e., the uterus becoming less selective with increasing
age. This would presuppose less of an interval between marriage and
a first affected child, but not of a normal first-born among younger
mothers. Matsunaga (1967a) presented some data that were con-
sistent with this hypothesis, but they were not statistically significant
(Table 2-16). Although this might not appear to be a biologically
reasonable hypothesis, it should be tested further using new data from

Table 2-14. Chromosomal Findings on Patients with Down's Syndrome—Pooled Data from
Several Studies

— - —

D/G21 translocation G/ G21 translocation
Mumber Trisomy Translo-
Maternal of 21 and Spo- Inher- Un- Spo- Inher- Un- cations
age patients mosaics radic ited known Total radic ited known Total (per cent)
= 30 T2 658 16 11 6 33 23 2 6 i1 8.9

30 660 646 5 2 - 7 6 = 1 T 2.1

Total 1,382 1,304 21 13 6 40 29 2 7 38

Source: Wright, S. W_.,_Day, R. W,, Muller, H., & Weinhouse, R. 1967. “The frequency of
trisomy and translocation in Down's syndrome." J. Pediar. T0: 420-24,
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Table 2-15. Frequencies and Proportions of Inherited and Sporadic Translocations

D/G21 translocation G/ G21 translocation
Sporadic Inherited Sporadic Inherited
Maternal age <30 . -
MNumber 16 11 23 2
Per cent 59 41 92 8

Sporadic translocations
Inherited translocations
Maternal age 304
Number ] 2 6 0
Per cent 71 29 100 0
Sporadic translocations = 11/13 = 84.6 per cent
Inherited translocations = 2/13 = 15.4 per cent

Note: Data from Table 2-14.
Source: Wright, S. W,, Day, R. W,, Muller, H., & Weinhouse, R. 1967. “*The frequency of
trisomy and translocation in Down's syndrome.” J. Pediat. 70: 420-24.

39/52 = 75 per cent
13/52 = 25 per cent

other sources, particularly since it has been shown experimentally that
fertilized ova transferred from young to old hamsters had a poorer sur-
vival rate than those implanted in young hamsters (Blaha). From this
it was concluded that the uterine environment in older animals pre-
vented normal nidation.

Laboratory experiments have also demonstrated that delayed fer-
tilization of the mammalian ovum produces an increase in the fre-
quency of abnormal and unsuccessful cleavages, structurally abnormal
embryos, and embryonic resorption or abortions (Blandau; Fugo &
Butcher). An increased frequency of chromosomal abnormalities has
also appeared following delayed fertilization (Austin; Butcher &
Fugo). It would seem reasonable therefore to assume that delayed
fertilization might be of etiological importance in mongolism.

Table 2-16. Mean Interval between Marriage and First Birth for 96 Mothers of Children with
Down's Syndrome, Grouped According to Whether the First-born Child Is Affected

or Not
Maternal age at time Status of Mean interval + S.D.
of first birth first child Number (vears)

19-24 Affected 9 1.61 & 0.78
WNormal 12 1.83 = 0.89

25=29 Affected 34 1.59 & 1.14
MNormal 15 1.97 += 1.43

30-34 Affected 12 3.25 <4 2. 49
MNormal 8 2.50 + 2.00

35-41 Affected ] 3.20 = 2.05
MNormal 1 2.5

k ;Source.' Matsunaga, E. 1967a. “General discussion,” in: Ciba Foundation Study Group Neo.
25, Mongolism (Boston: Little Brown and Company).
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Recently German postulated that the maternal age effect was a
reflection of decreasing frequency of coitus with increasing duration
of marriage, thereby decreasing the proportion of time during which
spermatozoa are deposited in the uterus. In older women, therefore,
oocytes will be fertilized after several hours, in contrast to an imme-
diate fertilization of oocytes in younger women. He attempted to test
this hypothesis by determining the duration of marriage of 201
mothers by age at birth of mongols. He compared the distribution of
durations of marriage for those 35 years of age and over with that for
mothers age 39 through 45 of all births at the New York Hospital.
German noted a bimodal distribution of durations of marriage among
the mothers of all births, with a prominent mode for women of short
marriage durations which was not present among mothers of mongol
births of the same age group.

Subsequent to the publication of this paper, Penrose and Berg re-
ported on similar data for a group of 988 mongols and 1,146 controls,
but found no differences in duration of marriage (Table 2-17).
Cannings and Cannings, using an indirect approach with a statistical
model, concluded that German’s “hypothesis is not sufficient to ex-
plain the change in incidence of mongolism with maternal age.” An
analysis similar to that of German’s was carried out on the material
collected by Sigler, Lilienfeld, Cohen, and Westlake (1965a) in Balti-
more, which has more adequate controls. The results were not con-
sistent with German’s hypothesis.

A third possible explanation has been proposed by Penrose (1965)
and Penrose and Smith. Penrose points out that the incidence of
mongolism increases with the power of age and suggests that the error
in the ovum, leading to nondisjunction, depends upon a succession of

Table 2-17. Duration of Marriage in Years by Age of Mother at Birth of Child

Mongols Controls

Difference Standard

Maternal Mean Mean of error of

age MNumber duration S§.D. MNumber duration 5.D. MEeans difference
15-24 96 2,13 1.18 282 2.06 1.13 +0.07 0,14
25-209 152 4.32 2.58 364 4,35 2.59 —0.03 40,25
30-34 147 6. 84 3.82 271 7.11 3.78 —0.27 +0.39
35-39 281 11.04 5.30 166 10.52 5.08 +0.52 +0.51
40-49 312 14.28 6.25 63 13.15 6.03 +1.13 =0.91
All 988 9.54 6.45 1,146 5.82 4. 66 +3.72 =0, 25

Source: Penrose, L. 5. & Berg, J. M. 1968, “*Mongolism and duration of marriage.” Nature
218: 300,
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independent accidents, either chemical or physical processes asso-
ciated with age. After an accumulation of “accidents,” the meiotic
division becomes irregular due to degeneration of the spindle mech-
anism. He has determined that the relative incidence figures by mater-
nal age agree with the estimated number of 17 or more “breaks”
causing nondisjunction. This hypothesis essentially states that aging
per se increases the frequency of errors in meiotic division, such as
nondisjunction. If this is an aging effect, one would expect it to
operate in other types of chromosomal abnormalities. It is of special
interest that the frequency of Klinefelter’'s syndrome also increases
with maternal age. In addition, Jacobs, Brunton, Court-Brown, Doll,
and Goldstein and Hamerton, Taylor, Angell, and McGuire have re-
ported an increased frequency of chromosomal abnormalities in
leucocytes with advancing age and suggest that one of the effects of
aging is a generalized lowering of mitotic efficiency leading to non-
disjunction.

A fourth explanation, which is similar to the aging hypothesis, goes
on to suggest that the increase with age reflects the cumulative effects
of exposure to environmental agents during a lifetime. It differs from
the general aging hypothesis in that the events producing the damage
to the spindle mechanism are not “accidental” but due to environ-
mental factors including viruses, radiation, chemicals, etc. Data on
many of these environmental agents are presented and discussed in
appropriate sections of this book.

Of course, if one is willing to speculate, it is just possible that both
a general aging effect and environmental exposures interact to pro-
duce the same end-result, the maternal age effect.

Paternal Age

It has been stated in this review that several of the studies do not
show any relationship between paternal age and mongolism. At this
point we shall attempt to document this statement with the more
recently published data.

Milham and Gittelsohn analyzed birth certificates in New York
State for the period, 1950-62; their data, showing incidence rates by
maternal and paternal ages, are presented in Table 2-18. Tonomura,
Oishi, Matsunaga, and Kurita analyzed the paternal age distribution
of 127 patients born in Japan during 1951-65 and adjusted for
maternal age, using the maternal-paternal age distributions of live
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births in Japan for 1952-63 (Table 2-19). No paternal age effect is
apparent in either of these studies. There are other investigators who
have studied the paternal age distribution of a series of mongols and
concur with the reported absence of a paternal age effect, including
Beolchini, Bariatti, and Morganti; Stark; and Greenberg,

For their study, referred to earlier, Sigler, Lilienfeld, Cohen, and
Westlake (1965b) selected 216 cases of mongols born in Baltimore
and a control group of births matched for hospital of birth, sex, date
of birth, and maternal age at time of birth and compared the paternal
age distributions of the cases and the controls (Table 2-20). No sig-
nificant differences were noted, although an interesting pattern did
emerge in the younger maternal ages (under 35), the mongol group
fathers were younger than the controls, whereas among the older
mothers (35 and over), the case fathers were older than the controls.
This finding was not statistically significant, but if any similar observa-
tions are made in the future it should be more thoroughly investigated.

The possible influence of paternal age was again proposed by Pen-
rose in 1962, while summarizing the paternal and maternal ages of
mongols with a 21/22 translocation. Penrose and Smith have recently

Table 2-18. Mongolism Cases by Parental Ages, Upstate New York, 1950-62

Maternal age

Paternal e s —
age Total 15-1% 20-24 25-29 30-34 35-39 40-44 454+

Mumber of mongols

1519 T (i1 |

20-24 an 24 59 6 1

25-29 142 [ 47 69 15 4 1

30-34 183 10 58 84 26 5

35-39 214 4 8 54 124 21 3

4044 199 2 12 87 92 6

45-49 a1 1 3 25 56 6

50+ 35 2 2 [ 15 10
Mot stated 20 3 L] 3 7 2

Total 981 39 128 147 178 274 190 25

Cases per 10,000 births

15-19 1.8 1.9 2.1

20-24 2.0 2.0 2.4 2.5 5.6

25-29 1.9 2.4 1.5 2.0 4.5 12.8 20.9

30-34 2.9 1.5 2.0 3.5 10.1 28.6

35-39 5.8 3.2 1.3 3.2 10.6 25.2

40-44 P27 1.5 2.9 12.3 33.4 127.9

45-49 18.0 2.6 2.9 13.0 38.1 45 8

504 17.5 5.0 8.6 27.4 120.6

Total 3.9 2.0 1.7 1.9 i4 11.2 32.6 89.4

Source; Milham, §., Ir. & Gittelsohn, A, M. 1965. *Parental age and malformations.” Hum.
Biol. 37: 13-22.
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Table 2-19. Paternal Age Distribution and Relative Incidence, after Exclusion of Maternal

Age Effect
Relative
Number of mongols MNumber incidence
Paternal observed observed,
age Observed Expected minus expected X expected
15-19 0 0. 04
20-24 4 4.47 } =0.51 0.06 0. 887
25-29 6 36.99 —0,.99 0.03 0.973
30-34 50 47.27 4-2.73 0.16 1.058
35-39 27 22,83 44,17 0.76 1.183
4044 3 9.74 —4.74 2.31 0.513
45-49 5 4,08
S0-54 0 1.16
55 _zq 0 0.31 —0.66 0.08 0.883
60+ 0 0.11
Total 127 127.00 3.40 1.000
Mean age 32.39 32.60
5.D. 5.62 6.01

Source: Tonomura, A., Qishi, H., Matsunaga, E., & Kurita, T. 1966. “Down’s syndrome: A
cytogenetic and statistical survey of 127 Japanese patients.” Jap. J. Hum. Genet. 11: 1-16.

reviewed and summarized the case reports for this particular trans-
location which suggests a paternal age effect. Since these are pooled
case reports without any controls, evaluation of the data becomes
very difficult. In addition, these case reports represent a highly select
group which may have a bias toward older fathers. If the paternal age
is present only in this group of translocation mongols, it will be ex-
tremely difficult to confirm these observations in a systematic survey,
for this particular type of mongol only represents about 1 per cent of
all mongols.

Table 2-=20. Matched Pair Analysis of Paternal Age with Maternal Age Controlled
(Paired t Test)

e

Down’s paternal age minus control paternal age

Maternal MNumber of Mean
age fathers difference s5.D. ! P Value

15-19 [i] 0 2.8 0 NS

20-24 34 0 4.3 0 NS

25-29 30 =0.07 5.9 0.07 NS

30-34 46 —3.07 5.5 am < 0.001

35-39 62 +0.45 7.6 0.66 NS

404 a7 +1.1 6.4 1.05 NS
Al cases 215 —0.34 6.3 0.79 NS

Source: Sigler, A. T., Lilienfeld, A. M., Cohen, B. H., & Westlake, J. E. 1965b. “Parental
age in Down's syndrome (mongolism)."” J. Pediat. 67: 631-42.
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Mantel and Stark have recently stated that, for various statistical
reasons, the question of a paternal age effect in mongolism has not yet
been resolved. In light of this comment, a recent report by Matsunaga
(1967b) is of interest. He presented data on 331 cases of mongols
born in Japan during 1952-57, and used the paternal and maternal
age distributions of all births in Japan to adjust for maternal age and
year of birth in order to study the possible influence of paternal age
(Table 2-21). It is clear that the mean paternal age for mongols did
not differ significantly from that in the general population. However,
the relative incidence appeared to increase slightly with advancing
paternal age, but Matsunaga did not find the regressions of relative
incidence on paternal age to be statistically significant.

The data presented in this review, collected from several recent
studies, all adequately controlled in contrast to some of the earlier
studies, also fail to show any marked paternal age effect. The in-
herent limitations of these studies cannot, however, rule out com-
pletely a small or perhaps a moderate effect of paternal age. To ac-
complish this successfully would require a large-scale study of several
thousand mongols, particularly because it would be essential to do
chromosomal analyses of the mongols to determine whether paternal
age effects are present in specific types of mongols.

Table 2-21. Relative Incidence of Down's Syndrome According to Paternal Age, with Maternal
Age Controlled

Paternal Relative
age at Mumber Number incidence
birth of observed observed/

mongols Observed Expected minus expected At expected

<25 14 21.2 -T.2 2.45 0.66
25-29 77 79.7 =2.7 0.09 0.97
30-34 75 71.5 +3.5 0.17 1.05
35-39 73 65.1 +71.9 0.97 1.12
40-44 47 56.3 e 1.55 0.83
45-49 32 27.0 +5.0 0.94 1.19
S0 13 10.2 +2.8 0.75 1.27
Total 331 331.0 0 6.92 1.00
Mean age 35.3 34.7 df. = 6
Variance 62.15 59.95 P>0.3

Source: Matsunaga, E. 19676, “Parental age, livebirth order and pregnancy-free interval in
Down’s syndrome in Japan,” in: Ciba Foundation Study Group Wo. 25, Mongolism (Boston:
Little, Brown and Company).
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Grandparents’ Age

Several investigators have been interested in the grandmother’s age
at the time of the birth of a mongol's mother. The underlying reason
is that the mother of a mongol may be a chromosomal mosaic in-
fluenced by her mother’s age (the grandmother of the mongol) at the
time of her birth. Greenberg collected information in 1958 on all
mongol children born during 1953-57 in Essex County, England, and
compared this with information obtained on a sample of children
born during 1953-57. Using the combined data, he estimated the
probabilities of having a mongol child for the various combinations of
young and old mothers and young and old grandmothers. From a
summary of his data (Table 2-22), we note that young mothers
(under 35) appear to have twice the risk of having a mongol child if
their mothers (grandmothers of the mongol child) were 35 years of
age and over at the time of their birth.

Stark examined grandparents’ age in a study of the families of 117
mongols and compared them with a group of families of control
births selected from birth certificates matched by maternal age. The
maternal and paternal grandparents of the mongols and control chil-
dren had similar age distributions. He did not separately examine
grandparents’ age in relation to maternal age at birth of the mongols.
In a recent report, Forssman and Akesson (1967) compared the
grandmother’s age at the time of birth of mothers for different mater-
nal ages at birth for 1,282 mongols and found no differences (Table
2-23).

The latter 2 reports do not agree with that of Greenberg, although
it is clear that Forssman and Akesson’s results would be more accept-
able if they had had a control group for comparison. Greenberg’s
observation is an interesting one and appears worthy of further study.

Table 2-22. Probability of a Mongol (per 1,000 Births) by Mother's Age at Birth of Mongol
and Grandmother’s Age at Birth of the Mother

Grandmother's age Mother's age at Probability of a mongol per 1,000
at mother’s hirth birth of mongol births (95 per cent confidence interval)
<35 <35 0.46 (0.42-0.50)
=35 <35 0.920 (0.71-1.10)
<135 =35 4,47 (3.13-5.82)
=35 =35 4.70 (2.40-7.00)

_S_a_urc_f_ (-“;n_b_cnbr:rg. R C. 1963. “Two factors influencing the births of mongols to younger
mothers,” Med. Of. 109: 62-64.
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Birth Order

Early workers in this field eliminated the probability of an inde-
pendent relationship between birth order and mongolism. However,
in response to chromosomal studies, there has been renewed interest
in the possible relationship of mongolism and birth order, and several
studies have recently been published.

Beolchini, Bariatti, and Morganti compared a group of 421 mon-
gols, born in Milan during 1940-60, with a randomly selected sample
of 2,801 births. For each maternal age group he compared the mon-
gol cases and controls with respect to birth order and found no sig-
nificant difference. Stark and Mantel (1966) did a similar study for
2,432 mongol children born in southern Michigan during 1950-64.
They obtained the maternal age and birth order distribution of all live
births in this area and computed specific rates (Table 2-24). It seems
quite clear that there is no birth order effect that is independent of a
maternal age effect.

In contrast are the findings of Smith and Record (19554) and
Tonomura, Oishi, Matsunaga, and Kurita, who found an excess fre-
quency of first-order births among mongols, although the latter points
out the possibility of a bias in the selection of the children they
studied (Table 2-25). For example, it is possible that large teaching
centers and hospitals may attract first-born mongols more often than
those of higher birth orders, and, of course, birth control may have an
effect; after having a first-born mongol, a mother may decide not to

Table 2-23. Maternal Age at Birth of 1,282 Patients with Down’s Syndrome, by Grandmaternal
Age at Birth of Mothers

— - R —

Grand- Maternal age
maternal = -
age <20 20-24 25-29 30-34 35-319 40—44 454
<20 2 4 il 2 1 T 1
20-24 4 21 26 32 48 66 16
25-29 8 32 38 45 92 101 21
30-34 (] 22 40 50 77 104 22
35-39 17 23 33 68 78 12
40-44 14 19 19 27 50 13
454 1 1 5 4 4
Total 20 111 153 181 118 410 89
Mean 30.2 31.0 31.3
5.D, 6.7 6.3 6.7

Source: Forssman, H. & Akesson, H. O. 1967. ““Consanguineous marriages and mongolism,”
in: Ciba Foundation Study Group No. 25, Mongolism (Boston: Little, Brown and Company).
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Table 2-24. Mongolism Occurrence Hates per 1,000 Live Births by Age of Mother and Birth
Order, Lower Michigan, 1950-64

Birth order
Total
Maternal
age 1 2 3 4 S+ Crude  Adjusted
<20 46.9 36.0 (20.T) (45.3) (00 . 0) 43,2 31.3
20-24 42.6 47.1 40,2 39.3 23.7 42 8 9.9
25-29 53.3 51.3 51.7 48.6 51.3 51.2 51.6
30-34 102.6 101.1 84.1 87.7 75.5 86.6 92.4
35-39 270.5 269 .2 242.2 242 .2 246.5 263.8 272.1
404 850.9 T753.6 864.6 940.1 #51.7 858.9 £39.9
Total

Crude 56.7 68.5 81.4 114.4 165.6 89.1
Adjusted 093.2 92.9 83.7 92.4 74.4

Noie: Rates in parentheses are based on fewer than 10 cases.
Source: Stark, C. R. & Mantel, N, 1966, “Effects of maternal age and birth order on the risk
of mongolism and leukemia." J. Nat. Cancer Inst. 37: 687-98.

have any additional children. This is suggested by the results of a
study by Matsunaga (1967b) where he analyzed the birth order dis-
tribution of a series of mongols in Japan by determining the expected
number of cases in each birth order from the vital statistics data on
all live births and found a higher observed-expected ratio for mongols;
but he also found a similar pattern for other types of mental defectives
(Table 2-26).

It is clear that most of the studies do not show a birth order effect,
but some do suggest a higher risk for first-order births after maternal
age is taken into account. This may reflect a biased selection of cases,
or possibly the effects of the practice of birth control. However, before
completely dismissing any possible effect of birth order, which ad-

Table 2-25. Distribution of Live-Birth Rank, after Exclusion of Maternal Age Effect

Mumber
Live-hirth MNumber observed
rank Observed Expected minus expected X

1 71 42.24 +28.76 19.58
2 35 42,37 —T7.37 1.28
3 15 20.80 —5.80 1.62
4 4 9.33 —15.59 10. 84
5+ 2 12.26

Total 127 127. 00 0 33.12

(df. = 3, P < 0,001)

Source: Tonomura, A., Oishi, H., Matsunaga, E., & Kurita, T. 1966, “Down’s syndrome: A
cytogenetic and statistical survey of 127 Japanese patients.” Jap.J. Hum. Genet 11: 1-16.
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mittedly would be a small one at best, more carefully planned, large-
scale population studies would be in order.

One of the difficulties in studying the influence of birth order in
mongolism is that the birth order may in fact be influenced by the
effect of the birth of the mongol on the mother’s reproductive per-
formance. To adequately study the effect of birth order, it would be
necessary to compare the birth order distributions of mongols and
controls for each maternal age group, as well as for family size. This
would take into account both possible confounding effects, maternal
age, and the effect of reproductive performance. It would be of
interest to thoroughly clarify the effect of birth order, although the
present impression is that its effect, if any, must be a modest one.

Table 2-26. Relative Incidence of Down's Syndrome and Other Mental Defects for Each Rank
in the Live-Birth Order, with Maternal Age Controlled

Down’s syndrome

—

Number of cases from institutions

Category A Categories B and C All cases

Ranks in
live-birth Observed,/ Observed/ Observed/
order Observed Expected Expected Observed Expected Expected Expected
1 116 93.5 1.24 g5 59.5 1.43 1.31
2 122 26.1 1.42 76 57.6 1.32 1.38
3 23 72.6 1.14 62 50,2 1.24 1.18
4 55 61.7 0.89 34 39.7 0.86 0,88
5 50 52.6 0.95 29 20 8 0.97 0.96
i} 3z 45.5 0,70 10 23.7 0.42 0.61
T4 62 108.0 0. 57 18 53.6 0.34 0.50
Total 520 520.0 1.00 3i4 3i4.1 1.00 1.00
Mental defects other than Down’s syndrome
MNumber of cases from institutions
Category A Categories Band C All cases
Ranks in - ————
live-birth Observed/ Observed/ Observed/
order Observed Expected Expected Observed Expected Expected Expected
1 148 115.9 1.28 97 £1.0 1.20 1.24
2 128 105.3 1.22 g1 T1.4 1.13 1.18
3 74 80.3 0.92 56 50.6 1.11 0.99
4 50 53.5 0.94 16 28.7 0.56 0,80
5 20 3.7 .59 7 15,2 0.40 0.55
6 16 21.9 0.73 7 8.5 0.82 0.76
T+ 13 38.3 0.34 5 13.6 0.37 0.35
Total 449 44%.9 1

.00 269 269.0 1.00 1.00

N —

Source: Matsunaga, E. 1967h. “Parental age, live-birth order and pregnancy-free interval in
Down's syndrome in Japan,” in: Ciba Foundation Study Group No. 25, Mongolism (Boston:
Little, Brown and Company).






Distribution in Time and Space

Clustering

One distinguishing characteristic of the distribution of a disease in a
population is the occurrence of the disease in “clusters,” i.e., the
aggregation of cases of the disease close together in space and/or
time. The term “clustering” can be used broadly to define aggregation
in space alone, time alone, or in both time and space. If used in a
very broad sense, practically every epidemiological aspect of a disease
can be considered in terms of clusters. For example, if there is a
difference in incidence rates in different countries or in different geo-
graphical areas, such as urban-rural areas, this can be considered
clustering in space; familial aggregation similarly may be regarded as
a form of clustering. Temporal clustering can be sufficiently encom-
passing to include trends of incidence rates over time, as well as
seasonal fluctuation.

Each different form of clustering leads to the development of differ-
ent etiological hypotheses, and sudden changes in time may be sugges-
tive of temporal changes in exposure to environmental factors.
Clustering of cases in both time and space may suggest that a com-
municable, possibly infectious agent, is operative while seasonal varia-
tion may also suggest infectious agents. The demonstration of certain
types of clusters can be relatively straightforward, whereas others may
be more subtle and more difficult to isolate or differentiate. The con-
centration of disease in a specific locality may be revealed by an in-
creased incidence rate and temporal variation by changes in incidence

47
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rates over time. A low order of temporo-spatial clustering poses many
statistical problems which have been recently reviewed by Mantel, who
presents some rather detailed statistical tests for evaluating the
occurrence of disease clusters.

In the literature on mongolism, the term “clusters” has been applied
broadly, i.e., including temporal alone, spatial alone, and temporo-
spatial clustering. We would prefer a more restricted use of the term
“clusters” to indicate temporo-spatial clustering and to use terms such
as temporal trends, seasonal trends, etc., for the more explicit type of
observations. We will try to differentiate between these different types
although there will always be some overlapping.

Table 3-1 summarizes 11 studies on the temporo-spatial clustering
of mongolism. Many of these studies pose methodological problems
and most of them consist of retrospective analyses of cases reported
from a variety of sources. No doubt there has been variability in the
criteria used in the diagnosis of mongolism and also in the ascertain-
ment of cases; from this viewpoint these studies are not comparable.
In addition the results are not consistent with each other and in some
instances it is not even clear whether the results are statistically
significant. Recently several of these studies were reviewed by Day.

The first report suggesting temporo-spatial clustering was by Pley-
dell. Upon noticing that mongol children in Northamptonshire, Eng-
land, appeared to be born in groups, he ascertained from all possible
sources all cases of mongolism born during 1944-55, as well as other
congenital malformations, including congenital heart disease, harelip,
and cleft palate. He judged that about two-thirds of the mongol births
had occurred in small groups, with the remainder occurring sporad-
ically. Pleydell noted no differences in frequency in urban and rural
areas but did indicate that the “clusters” were present in the rural
areas. The absence of a statistical analysis makes it difficult to de-
termine whether any statistical significance can be ascribed to his
observations. However, he does speculate on the possible role of
streptococcal infections during pregnancy in the etiology of mon-
golism.

Collmann and Stoller (1962), as part of an epidemiological survey
of mental deficiency in Victoria, Australia, compiled a register of
mongols born during 1942-57, using every available source, and
analyzed the trend of incidence rates and seasonal and geographical
distributions. They reported the occurrence of a 5- to 6-year peri-
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Table 3-1. Summary of Studies on Temporo-Spatial Clustering of Mongolism in Different
Geographical Areas
Investigator Incidence of
and year of Time Geographical mongols per
report period area Method of study 1,000 births Results
Lander, 1911-58 Sweden Survey of all institu- Mot Fewer cases of
Forssman, tions for the mentally reported mongols born in
& Akesson deficient in Sweden. September.
(1964)
Collmann  1942-5T7 Victoria, Australia Retrospective evalua- 1.45 Inferred cluster-
& Stoller tion of maternal age- ing in time and
(1962) adjusted incidence space and sug-
rates, gested relation-
ship with disease,
Mo seasonal
variation.
Pleydell 1944-45 Northamptonshire, Retrospective evalua- 1.63 Inferred cluster-
(1957) England tion of clusters of ing in time and
cases in time and space and sug-
space: no statistical gested relation-
analysis. ship to strepto-
coccal infection.
Stark & 1950-64 Michigan, U.S. Statistical analysis of 0,89 Unable to dem-
Mantel annual and seasonal onstrate cluster-
{1967) incidence, ing by years, sea-
sons or months
within seasons.
Leck 1950-65 Birmingham, Retrospective statis- 1.62 If non-random
(1966) England tical analysis of resi- clustering occurs,
dence of births by it is of low in-
determining the space tensity and con-
and time distribution tributes little to
of pairing of mongol total incidence.
births. Incidence lower
in July-Decem-
ber.
Greenberg 1953-57  Essex County, Not reported. 1.19 No seasonal vari-
(1963) England ation for mothers
over 35 years of
age. For those
under 35 years,
higher frequency
in May, August,
and October.
Lunn 1953-58 Glasgow, Scotland Survey to find every 1.02 Geographical
(1959) mongol child born in grouping of

city area of Glasgow.

homes of mon-
gols on city map
showed no sig-
nificant grouping
—no seasonal
variation.
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Table 3-1. Continued

Investigator Incidence of
and vear of Time Geographical mongols per

report period area Method of study 1,000 births Results
Slater, 1954-60 England and Survey of members Mot  No seasonal
Watson, & Wales and associates of reported wvariation.
McDonald College of General
(1964) Practitioners of

United Kingdom and
Eire regarding con-
genital defects. Let-
ters sent to 4,000
practitioners and

1,373 replied.
Heinrichs, 1954-63 South Dakota, Review of hospital 2.88  Secular variation
Allan, & U.s. records supplemented every 314 to 4
Melson by interrogations and VEears,
(1963) guestionnaires.
Halevi 1959-60 Israel Reports of all con- 1.01 Higher frequency
(1967) genital malformations in October—
from maternity de- December.

partments. Records
were also reviewed.

Robinson  1962-66 Denver, U.5. Chromosome analysis  1.12  Small tendency

& Puck in newborns in whom for clustering of

{1967) mongol diagnosis was cases during
suspected in 2 hospi- April-October
tals in Denver. (not significant).

odicity for the cities in Victoria. A similar pattern was observed for
the rural areas, although the peaks in the rural areas lagged one year
behind those in the urban areas (Figure 3-1). They also reported a
higher incidence in the urban than in the rural areas. Defining a
“cluster” as a “group of from two to twenty-five mongols, the cases
in each group having been born in a restricted area . . . and within
twelve months of each other,” they found that clusters accounted for
40 per cent of the mongol births. The authors interpreted these find-
ings as suggestive of an etiological influence of an infective agent,
probably infectious hepatitis. The survey was then extended to in-
clude the period 1958-62 and the same pattern was again noted.
Stoller and Collmann (1965a; 1965b; 1965¢) then matched the
periodic occurrence of mongolism with the annual incidence of re-
ported infectious diseases during 1952-64 and found that for infec-
tious hepatitis, the incidence showed concordance with a 9-month lag.
The 9-month lag was accepted since these investigators postulated that
the virus infected the ovum prior to or about the time of conception
(Figure 3-2).
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Figure 3-1. Annual Incidence of Mongol Births Adjusted for Annual Variations in the Quin-
quennial Age Distribution of All Parturient Mothers in the General Population, Victoria,
Australia, 1942-57 (from: Collmann & Stoller, 1962).

Stoller and Collmann (1966) then attempted a more detailed
analysis by dividing metropolitan Melbourne into 2 sections, a western
and an eastern part; the western section was more densely populated
than the eastern and more clusters of mongol births were observed in
the east than in the west. They then determined the annual incidence
of infectious hepatitis and mongolism in these 2 sections; these are
presented in Table 3-2. The eastern section had a higher incidence
of both infectious hepatitis and mongolism than the west, although
the differences were statistically significant only for infectious hepa-
titis for each year but not for mongolism. In addition, they noted that
the large increase of infectious hepatitis in the eastern part for 1956
was followed the next year by a high incidence of mongolism. How-
ever, it should be pointed out that this pattern was not present in the
western part of the city (Table 3-2). The authors suggest that the
higher incidence of mongolism in the eastern section may have been
due to the inadequate sanitary facilities of this newly developed area,
which was therefore more vulnerable to infectious hepatitis.
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Figure 3-2. Annual Incidence of Infective Hepatitis (per Million) Followed 9 Months Later by
Births (per 100,000 Live Births) of Children with Down's Syndrome, Victoria, Australia, 1952-64
(from: Stoller & Collmann, 1965a).

Collmann and Stoller’s findings stimulated other investigators to
confirm their results in other geographical areas. In 1963, Heinrichs,
Allen, and Nelson reported that a retrospective review of hospital
records showed 2 temporal clusters of mongol births during the
period 195460 in South Dakota. Their data are presented in Table
3-3, together with computed annual incidence rates, as well as the
incidence rate for the total time period. Using the incidence rate for
the total period, expected numbers of mongols were computed for
each year; the last column of the table indicates whether the observed
numbers are greater than, less than or equal to the expected. In addi-
tion, 95 per cent confidence limits for the total incidence rate were
computed; these are 1.77-4.47. This crude analysis does demonstrate
the difficulty in inferring more than a random distribution from these
data. However, this may simply be a reflection of the small number
of cases. It is also noteworthy that the total incidence rate of mon-
golism is quite high, which may reflect an older maternal age dis-
tribution of total births.

Leck also conducted a retrospective survey in Birmingham, Eng-
land for the period 1950-65, using data collected during a continuing
study of malformations among children; the cases were ascertained by
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Table 3-2. Numbers of Cases and Incidences of Infectious Hepatitis (per 100,000 of Population)
and of Births of Children 9 Months Later with Down’s Syndrome (per 100,000 Live
Births) for the Eastern and Western Areas of Melbourne, Australia

Infectious hepatitis Down’s syndrome
East West East West
Inci- Inci- Inci- Ingci-
Year MNumber dence Number dence Year WNumber dence Number dence
1953-54 g0 20,7 131 12.2 1954 11 119.3 24 110.1
1954-55 472 114.4 698 61.7 1955 17 172.2 36 159.8
1955-56 819 210.0 1,272 109.9 1956 30 285.1 26 115.1
1956-57 337 72.0 693 58.7 1957 21 185.5 33 137.1
Total 1,808 106.1 2,794 61.5 Total 79 193.0 119 130.8

Source: Stoller, A. & Collmann, R. D. 1966. **Area relationship between incidences of infec-
tious hepatitis and of the births of children with Down’'s syndrome nine months later.” J. Ment.
Defic. Res. 10: 84-88.

a survey of all medical sources. He first compared, as did Collmann
and Stoller, the annual trends of reported infectious hepatitis cases
with those of mongolism; no relationship was found. He then analyzed
the temporo-spatial distribution of cases of mongolism using a sta-
tistical method developed by Knox (1963). The authors’ tabulation
of the distribution of differences in time between all possible pairs of
mongol births and in distance between residences is presented in Table
3—4 for two time periods 1950-54 and 1955-64. Leck interpreted
these data as indicating that “if non-random clustering occurs, it is of
low intensity and contributes little to total incidence.” His general

Table 3-3. Annual Incidence Rate (per 1,000 Births) for Mongols and Expected Numbers Based
on Total Rate for Births, South Dakota, 1954-61

Incidence Expected Observed
Number rate number of minus
per 1,000 mongols based  expected
Year Deliveries Mongols (observed) on total rate rates
1954 817 1 1.22 2.36 —
1955 817 4 4.90 2.36 -+
1956 832 2 2.40 2.40 =
1957 847 1 1.18 2.45 -
1958 72T 3 4.13 2.10 =+
1959 ToR 3 3.9 2.22 +
1960 691 2 2.89 2.00 =
1961 Ti1 1 1.41 2.05 -
1962 617 2 3.24 1.78 -
1963
(First 2 months) 102 1 9.80 0.29 =
Total 6,929 20 2.89

Source: Adapted from Heinrichs, E. H,, Allen, 5. W., & Nelson, P, S. 1963, “Simultaneous
18-trisomy and 21-trisomy cluster.” Lancer 2: 468,
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comment on Pleydell and Collmann and Stoller’s results was, “The
suggestion of these authors that Down’s Syndrome is caused by an
infection may be correct in some cases; but it seems likely that the
etiological importance of this type of influence has been exaggerated.”

These reports were followed by one by Stark and Fraumeni in
which a comparison was made between the annual incidence rates of
infectious hepatitis and mongolism in Michigan for the period, 1952-
64; Collmann and Stoller’s observations were not confirmed. Cecca-
relli and Torbidoni also did a similar analysis in Italy for the period
1959-65, and they too were unable to confirm Collmann and Stoller’s
observations. Finally, Kogon, Kronmal, and Peterson did not succeed
in confirming these relationships in Seattle and King County, Wash-
ington, U.S., for the period 1952-64. They also subjected Collmann
and Stoller’s data on clustering to a detailed statistical analysis using
Monte Carlo methods and showed that the frequency of clusters
reported could arise by chance alone.

However, Collmann and Stoller’s observations did stimulate some
experimental studies. Mella and Lang studied the effect of infectious
hepatitis on the chromosomes of cells in peripheral blood by directly
observing the leukocytes of patients with infectious hepatitis and also
indirectly by adding the serum obtained from patients with infectious
hepatitis to leukocyte cultures of healthy individuals. The chromo-
somes of leukocytes of patients with hepatitis had an increased inci-

Table 3-4. Proportion of Pairs of Cases of Mongolism Not More Than 4 Kilometers Apart,
1950-54 and 1955-64

Years of mongols births

1950-54 1955-64

Time Number  Per cent Number Per cent
apart Total 0-4 km, 0-4 km, Total 04 km. 0-4 km.
(days) number apart apart number apart apart
0-50 650 207 31.8 1,531 408 26.6
51-100 579 161 27.8 1,480 329 22,2
101-150 486 139 28.6 1,468 373 25.4
151-200 483 136 28.2 1,503 342 22.8
201250 528 179 33.9 1,445 366 25.3
251-300 497 166 33,4 1,404 329 23.4
301-350 515 156 30.3 1,386 325 231.4
351-400 523 129 24.7 1,373 6 23.0
Over 400 6,617 1,953 29.5 44,021 10,456 23.8
All pairs 10,878 3,226 29.7 55,611 13,244 23.8

Source: Leck, 1. 1966, “Incidence and epidemicity of Down's syndrome." Lancer 2: 457-60.
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dence of breaks, stickiness, abnormal numbers, deletions, and addi-
tions that had not been previously present. They also found that the
serum of infectious hepatitis patients repeatedly inhibited leukocytic
mitosis in culture. These findings are not totally unexpected since
they have also been found in rubella. Of special interest is the report
that mothers of mongol children have higher levels of thyroid anti-
bodies than mothers of normal children and that patients with
infectious hepatitis have an increase in thyroid antibodies (Dallaire &
Kings-mill Flynn, 1967a).

The most recent analysis of temporo-spatial distribution was re-
ported by Stark and Mantel (1967). They ascertained from a variety
of medical sources that 2,431 mongol children were born during
1950-64 in the counties of the lower peninsula of Michigan. Their
study reported the frequency distribution of mongol births in the
counties as well as the annual and seasonal incidence rates (Table
3-5). Using relatively detailed and refined statistical methods, they
too analyzed the temporo-spatial distribution; however, they were
unable “to demonstrate any important aggregations of Down’s Syn-
drome within the state of Michigan.”

Table 3-5. Annual and Over-all Monthly Incidence of Down's Syndrome (per 100,000 Live
Births) for the Lower Peninsula of Michigan, 1950-64

Annual data Monthly data, 15 yvears combined
Mumber Down's MNumber Down's
of MNumber syndrome of MNumber syndrome
Down's of births per Down’s of births per
syndrome live 100,000 live syndrome live 100,000 live
Year births births births Month births births hirths
1950 136 154,261 88.2 January 178 219,584 81.1
1951 113 166, 590 67.8 February 184 208,524 88.2
1952 151 171,628 B8.0 March 212 229,020 92,6
1953 147 175,946 B4.7 April 202 215,966 93.5
1954 150 185,094 81.0 May 187 227, 511 B2.2
1955 180 189,585 949 June 229 225,425 101.6
1956 202 199,184 101.4 July 228 239,100 95 4
1957 213 201,654 105.6 August 207 240,956 85.9
1958 186 195,756 95.0 September 205 237,912 86.2
1959 184 191, 566 96.1 October 186 234,073 79.5
1960 164 188,342 87.1 November 215 219,812 97.8
1961 187 185,944 100.6 December 198 224,891 88.0
1962 177 175,772 100.7
1963 134 172,202 77.8
1964 105 169,250 62.0

 89.3 2.431 2,722,774  89.3

Total 2,431 2,722,774

Source: Stark, C. R. & Mantel, N. 1967. “Lack of seasonal or temporal-spatial r:.lu.ste-riﬂg of
Down's syndrome births in Michigan." Amer. J. Epid. 86: 199-213.
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In evaluating Stark and Mantel’s negative findings, one should note
that they reported an incidence of mongolism of 0.89 per 1,000 births.
This appears to be rather low and it is possible that there may have
been incomplete ascertainment of cases with possible selective biases.
This could create the appearance of no clustering, while clustering
may actually be present.

In their discussion, Stark and Mantel raise several issues with re-
gard to Collmann and Stoller’s analysis. Their comments are worth
quoting:

Using a similar approach to interpret the data of Stoller and Collmann,
we see several points which should be considered. The variety of
notifiable infectious diseases to which Stoller and Collmann initially
attempted to relate Down’s syndrome, as well as the variety of statis-
tical manipulations to which they subjected their data would readily
have resulted in some formally significant results on the basis of chance
alone. We note, also, that the 1953-64 data of Stoller and Collmann
show a range of 6 to 20 cases of Down’s syndrome per year, with an
average of 12.7 per year. This range is consistent with simple Poisson
variation. Further, the bulk of the hepatitis-Down’s syndrome correla-
tion reported by Stoller and Collmann appears to derive from the sharp
rise in the 1952-55 portion of the hepatitis curve, a rise which could be
related to the 1952 initiation of infectious hepatitis reporting in Aus-
tralia.

Seasonal Distribution

Investigators for a long time have been interested in a possible
correlation between all congenital malformations and season of birth,
since many teratogenic factors do have a seasonal pattern. The re-
ports of studies on congenital malformations other than mongolism
have recently been reviewed by Bailar and Gurian, who commented
on the many important questions that remain unanswered in this area.

In most of the reports on clusters reviewed in this chapter, the in-
vestigators have also reported on the seasonal distribution of mongol
births, with varying results. Collmann and Stoller, and Stark and
Mantel found none. Leck observed a lower incidence of mongols in
July through December, but explained this as the result of under-
ascertainment among undiagnosed children who died in infancy.

There have been several additional reports on the seasonal dis-
tribution of mongolism which are included in the summary in Table
3-1. Slater, Watson, and McDonald conducted a survey on con-
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genital malformations among the members and associates of the
College of General Practitioners of England and Ireland; of 4,000
practitioners, 1,373 replied. They found no seasonal variation; how-
ever, the low response rate in the survey may have resulted in a bias.
On the other hand, Halevi, in his study of congenital malformations
in Israel, reported a higher frequency of mongol births in the winter,
October—December.

Lander, Forssman, and Akesson studied 1,192 mongol children,
born in Sweden during 1911 to 1958, who were residents in institu-
tions for the mentally retarded. They compared the month of birth
of the cases with a weighted series of births in Sweden for the same
time period and found significantly fewer births of mongol children in
September. This report is of particular interest because it contains
a rather complete discussion of the various nonbiological factors that
can influence the seasonal distribution of births. In weighing these
factors, they conclude that it was probably impossible to get a satis-
factory control series from official statistics and that one should thus
regard any report that a certain group differed from the normal in
season of birth with skepticism.”

Greenberg studied a group of 148 mongols born during 1953-57
in a county in England. For the total group of mongol births and for
the subgroup consisting of those born of mothers over 35 years of
age no seasonal variation was observed. However, for those under 35
years of age, he noted a deficiency of mongol births in the first 4
months of the year and an excess in May, August, and October. His
analysis suggested a possible relationship between the incidence of
mongols and low temperatures, 7 to 8 calendar months before birth
(Table 3-6). He hypothesized that atmospheric temperature would
alter the distribution of body fluids and increase the viscosity of the
protoplasm and “stickiness” of the chromosomes, which would in-
fluence the frequency of nondisjunction. This is an attractive hypoth-
esis, but it is based on a small number of cases and, if true, one would
expect greater differences in frequency of mongol births in different
geographical areas than appear to be present.

An interesting study was conducted by Robinson and Puck in 2
hospitals in Denver during 1962-66. Virtually every baby born in
these hospitals was examined for the possible presence of mongolism
and chromosomal analysis was performed on every newborn with a
suspect diagnosis. There was a slight suggestion of possible clustering
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Table 3-6. Relationship between Monthly Temperature 8 Months before Birth and Frequency
of Mongol Births

Number
Average monthly temperature Mongols Mongols Excess over
8 calendar months before birth born expected expectation
Under 40° F. 16 9.0 +7.0
Owver 40° and under 45°F, 13 10,3 +2.7
Over 45° and under 60°F, 31 34.9 =3.0
Over 60°F. 3 £.8 -5.8
Total 63 63.0

Source: Greenberg, R. C. 1963, "Two factors influencing the births of mongols to younger
mothers.” Med. Of. 109: 62-64.

of cases during April-October, but it was minimal and could well
have been the result of chance alone, particularly since there were
only 14 cases, 13 of which were trisomy 21, and one, a translocation.
Additional observations in these populations are necessary before any
firm conclusions can be drawn. It is of interest that the 2 hospitals
had approximately the same incidence of mongolism, even though the
mothers in these 2 hospitals differed with respect to socioeconomic
status and in the incidence of sex chromatin anomalies.

General Comments

From this review of many studies conducted and reported on in
the past 10 years, no clear, consistent pattern of temporo-spatial
clustering or of seasonal distribution emerges. Perhaps differences in
the methods of study, in the ascertainment of cases, and in the selec-
tive reporting of an unusual series of chance circumstances in a par-
ticular locality, or the combination of all are responsible for the
suggestive presence of clusters. But more extensive population studies
in which data are obtained in a systematic, uniform manner from sev-
eral geographical areas will have to be carried out in order to insure
the proper evaluation of these hypotheses, which is not possible at
present. The desirability of conducting these studies is indicated by
the many observations on the role of viruses in the production of
chromosomal abnormalities, a subject recently reviewed by Nichols.
Several different types of viruses have been found to produce single
chromosomal breaks, pulverization of chromosomes, cell fusions and
spindle abnormalities.



Maternal and Prenatal Factors

As a result of the marked association of mongolism with maternal age
and the demonstrated relationships between prenatal events and con-
genital malformations in general, interest has been focused on the role
of these factors in the etiology of mongolism. Maternal health, re-
productive, hormonal, and constitutional factors, as well as prenatal
events, have all been studied.

Menstrual History

@ster (1953) reported an earlier age of menarche and a later age
of menopause in a group of mothers of mongols. However, for com-
parative purposes, he used data collected by other investigators sev-
eral years before his study of mongols, which of course immediately
raises the issue of data comparability. Smith and Record (1955b), in
a fairly well controlled study, did not confirm these results. More
recently, Sigler, Cohen, Lilienfeld, Westlake, and Hetznecker also
failed to show any differences between the mothers of mongols and a
comparable control group in many of the aspects of menstrual history
(Table 4-1).

Reproductive Performance

Several studies have been conducted on the maternal reproductive
performance prior to the birth of the mongol child. These are of
special interest because it is possible that there is a group of mothers
who have a high risk for meiotic nondisjunction. In view of the high
frequency of chromosomal abnormalities found among abortions

59
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Table 4-1. Menstrual History of Mothers of Children with Down's Syndrome and of Control

Children
Down's
syndrome Controls
MNumber MNumber P

Menstrual history (216) (216) value
Mean age at menarche (years) 13.56 13.44 412
Mean age at menopause (years) 45.21 45,93 276
Still menstruating (per cent) 70,60 77.60 101
Operative menopause (per cent) 39.30 38.30 907
Always regular period (per cent) 87.50 87.00 .B78
Consulting physician for menstrual difficulty (per cent) 17.10 10.70 060
Mean duration of menstrual period (days) 5.72 5.54 204
Mean interval between periods (days) 28.96 28.90 741

Source: Sigler, A. T., Cohen, ‘B. H., Lilienfeld, A, M., Westlake, J., & Hetznecker, W. H,
1967. “Reproductive and marital experience of parents of children with Down's syndrome
{mongolism)." J. Pediar. 70: 60814,

(Chapter 2), this high-risk group should show an increased frequency
of monosomic and trisomic conceptions, either by reduced fertility or
by increased frequency of fetal loss.

Oster (1953), in his study of 526 mongol families, reported a
greater frequency of “abortions” (16.5 per cent) after the birth of
the mongol child than before (9.7 per cent). He also demonstrated
a longer interval between marriage and the birth of the first child, a
mongol, as compared to a first-born who was normal, and a longer
pregnancy-free interval before the birth of a mongol as compared
with the interval between normal births preceding a mongol birth,
taking into account birth order. However, Oster had no control group
for comparison and, therefore, it is impossible to evaluate his results.

In 1955, Smith and Record (1955b) critically reviewed all of the
sublished literature on this subject and concluded that all of the
previous studies had been inadequately controlled. They, in turn,
studied a group of 252 mongol children born during 1942-52 in Bir-
mingham, England. Information on mothers’ reproductive histories
was completed for 217 cases, which was then compared with that for
136 control mothers matched by maternal age. The 136 were all of
the mothers who could be traced and interviewed from a matched
group of 216 births; this problem created a deficiency in the “40 and
over” maternal age group. No differences in fertility experience were
noted between marriage and the conception of, or after the concep-
tion of, a mongol child. The incidence of abortions was found to be
more frequent among mothers of the mongol group when compared
with the controls (10.7 per cent as compared to 6.7 per cent). Un-
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fortunately, despite a rather careful statistical analysis of the data, it is
difficult to evaluate the results because of the differential ascertain-
ment of the mongol and control mothers as previously noted; this may
have introduced a bias in the results.

Ingalls, Babbott, and Philbrook reviewed the obstetric records of
mothers of mongol births during the period 1935-54 at one hospital
in Boston and compared them with those of a control group, matched
for age of the mother of the mongol (Table 4-2). Clearly, there are
no differences in fertility between the cases and controls. However, it
is of interest that the interval between the birth of a mongol child and
a live-born sibling was longer for the cases than for the controls; this
results from the fact that 12 of the 31 older mothers of mongol babies
had miscarriages prior to the birth of the mongol, as compared to 5 of
the 31 age-matched controls. Ingalls, Babbott, and Philbrook also
reported that of the total pregnancies prior to the mongol birth, the
case mothers had 15.5 per cent terminating in miscarriages or still-
births and the controls only 9.4 per cent; and 22.1 per cent of multi-
parous mothers of mongols gave a history of a miscarriage in the first
pregnancy, as compared to 10 per cent of the controls.

Lunn, in a survey of 117 mongol children and controls in Glasgow,
also obtained information on the reproductive experience of the
mothers. He noted that the mothers of the mongols had a total of 509
pregnancies, as compared to 462 in the control group. No difference
in frequency of abortions was noted—9.6 per cent as compared to
11.7 per cent.

Table 4-2. Interval between Birth of Mongoloid or Control and Preceding Birth, by 2 Age

Groups
Age group
33 years or younger 34 vears or older
Interval to Interval to
preceding live preceding live
birth, still- Interval to birth, still- Interval to
birth, or preceding birth, or preceding
miscarriage live birth miscarriage live birth
(years) (years)
Mothers of mongols 3.0 4.5 3.6 4.9
Mothers of comparison group 3.0 3.0 4.3 4.5

Source: Ingalls, T. H., Babbott, J., & Philbrook, R. 1957, " The mothers of mongoloid babies:
A retrospective appraisal of their health during pregnancy.’” Amer. J. Obsrer. Gynee. 74: 572-81,



62 EPIDEMIOLOGY OF MONGOLISM

Coppen and Cowie analyzed the abortion histories of 55 mothers of
mongols and reported an unusually high rate of fetal loss among con-
ceptions prior to the birth of the mongol (31 per cent); unfortunately,
there was no control group for comparison. Cowie and Slater ob-
served a higher rate of miscarriages after age 35 among mothers who
gave birth to a mongol after 37 years of age, as compared to those
who gave birth to mongols before the age of 37 years. Again, no
comparison group was used except an internal one and, therefore, one
hesitates to evaluate these results. Beolchini, Bariatti, and Morganti,
in their study of mongol children and controls, also analyzed the re-
productive performance of the mothers and found no difference be-
tween the case and control groups with respect to (1) average num-
ber of conceptions, (2) interval between marriage and birth of mon-
gol or control child, (3) interval between previous pregnancy and
birth of mongol or control. However, they did observe a higher fre-
quency of abortions prior to the birth of the mongol child—17.2 per
cent as compared to 13.7 per cent among controls. When the mothers
were subdivided by maternal age at the time of birth of the index
child, the significant differences were observed for those mothers
under 40 years of age; no differences were noted for those 40 years of
age and over. These results are in direct contrast to those of Cowie
and Slater. Stark, in his study of mongol and control children, re-
ported an excess frequency of miscarriages among the mothers of
mongols (47 per cent), as compared to control mothers (27 per cent).
When maternal age was considered, this difference was essentially
found among the mothers who were over 35 years of age at the time
of birth of the mongol.

The results of these 3 studies are interesting in light of the suggested
relationship with abortion frequency. However, it is necessary in
studies of abortion frequencies to take into account the age when the
abortions occur, i.e., to determine the maternal age-specific abortion
rate. Recently, this has been done in several well-controlled studies.
Buck, Valentine, and Hamilton reported on the reproductive per-
formance of mothers of 110 mongol families and 100 control families
who were friends of the parents of the mongols and had no retarded
children of their own. They analyzed the fertility and fetal-loss rate
among these families in considerable detail and compared the preg-
nancy rates of mothers of mongols and controls within specified age
periods because of the relation between age and fertility. The authors
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also considered the number of years of exposure to conception dur-
ing specified age periods, and age at marriage was accounted for in
the analysis. They calculated the expected number of pregnancies
among mothers of mongols, specific for age at marriage and duration
of pregnancy exposure in each age period, based on the experience of
the control mothers.

Table 4-3 shows their comparison of the observed and expected
numbers of pregnancies. The similarity between observed and ex-
pected numbers is apparent throughout and in the specific age
groups. They noted that among the mothers who had the mongol at
38 years or more, the total fertility considerably exceeds the expected;
a result primarily of the greater than expected number of pregnancies
in the oldest maternal age group. Apparently, the mongol child of
the mother of advanced age is the result of an extra pregnancy rather
than of a delayed pregnancy, an observation also made by Ingalls,
Babbott, and Philbrook.

Table 4-4 presents the fetal-loss rates as a per cent of the number
of pregnancies occurring during 3 specified periods of reproductive
life. In the control mothers, 13.2 per cent of pregnancies occurring
between the ages of 17 and 27 resulted in fetal loss. For the age
groups 28 through 37 and 38 and over, the loss rates were 15.8 per
cent and 12.5 per cent, respectively. In this table, fetal-loss rates in
each period of life have been subdivided according to the age at which
the mongol was born. Buck, Valentine, and Hamilton point out that,
“The comparison of the rates of fetal loss in mothers of mongols and
control women offers no evidence that the former have, throughout
their reproductive period, an abnormal risk of non-disjunction.” How-

Table 4-3. Observed and Expected Numbers of Pregnancies for Mothers of Mongols in Specific
Maternal Age Periods by Age at Birth of Mongol

Age at birth of mongol

—.

17=27 28-37 38+

Age period Observed Expected Observed Expected Observed Expected
17-27 T0 61 59 69 19 26
28-37 24 £Y | 114 98 69 55
RhES 2 2 16 15 61 20
Total 96 94 189 182 149 101

Source: Buck, C., Yalentine, G. H., & Hamilton, K. 1966. “Reprﬂd-u;f..';‘,i'-'e performance of
mothers of mongols.” Amer. J. Ment, Defic. 70; 886-94,
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Table 4-4. Fetal Losses per 100 Pregnancies in Mothers of Mongols and in Control Mothers

Mothers of mongols by age at
birth of mongol

Maternal —  Control
age period 17-27 28-37 B+ mothers
17-27 Pregnancies 40 59 19 190
Losses 8 7 0 25
Per cent loss 20.0 11.9 0.0 13.2
28-37 Pregnancies 24 66 69 139
Losses 4 13 11 22
Per cent loss 16.7 19.7 15.9 15.8
EHE Pregnancies 2 16 29 ]
Losses 0 2 ] 1
Per cent loss 0.0 12.5 27.6 12.5

Note: Pregnancies exclude the mongol birth.
Source: Buck, C., Valentine, G. H., & Hamilton, K. 1966. “Reproductive performance of
mothers of mongols." Amer. J. Ment. Defic. 70: 886-94,

ever, upon closer examination of this table an interesting observation
does emerge. The fetal loss rates are highest in the maternal age
periods during which the mongols were born; the rates are highest
along the diagonals of the table. A suggestive explanation for this
observation is that the mother may be exposed to an etiological agent
for both mongolism and fetal loss during the same time period.

There is apparently an excessive rate of fetal loss at ages 38 and
over among mothers whose mongol was born while in that age group.
However, the small numbers in the control group and the discrepancy
between their fetal-loss rate and that found by Shapiro, Jones, and
Densen support the possibility that this difference may be an over-
estimate.

Sigler, Cohen, Lilienfeld, Westlake, and Hetznecker, in their study
of 216 mongols and controls, also analyzed the reproductive history
of the mothers. No significant differences were found in the number
of pregnancies, abortions or stillbirths either before or after the birth
of the index mongol or control child (Table 4-5). No important
differences were noted in the interval of time between the preceding
pregnancy and the birth of the index child, or in the interval of time
following the index child’s birth and subsequent pregnancies. In addi-
tion, the number of neonatal and childhood deaths in the siblings of
the mongol children and controls was very similar: 95.6 per cent of
the siblings with mongolism and 95.2 per cent of the controls were
alive at the time of the study.

Matsunaga (1967b) reported on the pregnancy-free interval prior
to the birth of 223 mongol children, as compared to a group of con-
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Table 4-5. Pregnancy Wastage in Mothers of Children with Down's Syndrome and in Mothers
of Controls by Maternal Age and by Time Relationship to Index Child

Prior to index child Subsequent to index child
Abortions and Abortions and
Total stillbirths Total stillbirths
Maternal pregnancies (per cent) pregnancies (per cent)

.

age —_— -
groups Down's Controls Down's Controls Down's Controls Down's Controls

15-19 1 4 100.0 0 10 16 10.0 0
20-24 32 36 25.0 19.9 52 64 11.5 18.8
25-29 43 5 16.3 17.6 41 47 9.7 23.4
30-34 127 105 15.8 14.3 44 32 20,5 9.4
35-39 185 167 15.7 14.4 28 24 28.6 12.5
40-44 135 148 13.3 13.6 1 5 0 40.0
45-49 4 0 25.0 0 ] 0 0 0
50+ 0 0 0 0 0 0 1] 0
Total 527 517 15.9 14.7 176 188 15.9 16.5

Note: For prior to index child, P value > .30 for stillbirths and abortions. Subsequent to index
child, P value >, 80 for stillbirths and abortions.

Source: Sigler, A. T., Cohen, B. H., Lilienfeld, A. M., Westlake, 1., & Hetznecker, W. H.
1967. “Reproductive and marital experience of parents of children with Down's syndrome
(mongolism)." J. Pediat. 70: 608-14.

trols matched for sex, year of birth, maternal age, and live-birth order
(Table 4-6). No differences are noted even after a more sensitive
analysis of paired differences: the mean difference of pairs of cases
and controls was 0.005 years with a standard deviation of 0.097.

It would appear that in those studies which have been adequately
controlled, no differences in fertility and fetal loss are found between
the mothers of mongol children and control mothers. Admittedly, in
each of these studies the number of cases may be inadequate to detect
small differences and, therefore, if differences do exist they probably
are modest. Since all of these studies are of surviving mongols, and
if, as Buck, Valentine, and Hamilton suggested, there is a relationship
between early death of a mongol and prior reproductive performance
of the mother of a mongol, there is a real need for a more intensive
investigation of this issue; one requiring a study of newborn mongols.

Exposure to Ionizing Radiation

In view of the well-established relationship between ionizing radia-
tion and chromosomal abnormalities in humans, the relationship of
ionizing radiation and leukemia, and the experimental production of
nondisjunction by radiation, investigators became especially interested
in determining whether parents of mongols had had an excessive ex-
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Table 4-6. Distribution of the Interval Free from Pregnancy before the Births of Infants with
Down’s Syndrome and Controls Matched by Sex, Year of Birth, Maternal Age,
and Live-Birth Rank

_I.‘Eases Controls

Pregnancy-free

interval (months) MNumber Per cent MNumber Per cent
Very brief (0-12) 30 13.5 33 14.8
Brief (13-24) 90 40.4 g2 36.8
Intermediate (25-48) 75 3.6 84 37.7
Long (49 and over) 28 12.6 24 10.8
Total 223 1001 223 100.1
Mean interval (months) 31.0 31.0

Source; Matsunaga, E. 1967b. “*Parental age, live-birth order, and pregnancy-free interval in
Down's syndrome in Japan,” in: Ciba Foundation Study Group MNo. 25, Mongolism, pp. 6=22
(Boston: Little, Brown and Company).

posure to radiation (Schmickel; Cantolino, Schmickel, et al.; Mavor;
Lilienfeld). Lunn in 1959 reported that the per cent of “significant”
histories of X-ray exposure of mothers of 117 mongols did not differ
from that of mothers of controls. In 1961, Uchida and Curtis re-
ported that 28 per cent of the mothers of 49 mongols were exposed to
4 or more abdominal X-rays or fluoroscopings as compared to 4 per
cent of the mothers of 66 cleft-lip children and 14 per cent of mothers
of 44 neighbors. Carter, Evans, and Stewart did not confirm Uchida’s
results in their study of 51 mongols and 51 matched controls with
other congenital malformations. Schull and Neel presented some data
from Hiroshima and Nagasaki which failed to indicate any excess in
the frequency of mongolism among those exposed to the atomic
bombs. Except for the Japanese experience, each of these studies was
either primarily concerned with diagnostic radiation experience or did
not distinguish between diagnostic and other types of radiation. In
addition, each study has limitations of a methodological nature im-
posed either by the method of control selection, or, as in the study
with negative findings, by the number of cases selected, which was not
sufficient to adequately test the hypothesis of a small to moderate
effect of radiation. The latter objection can also be raised with respect
to the Hiroshima—Nagasaki experience.

With these objections in mind, Sigler, Lilienfeld, Cohen, and West-
lake (1965a) conducted a well-controlled study in Baltimore, where
they compared the parents of 216 mongol children with the parents of
a “control group” of normal children carefully matched for hospital
of birth (or birth at home), date of birth, sex, and maternal age at
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birth. The parents of both groups were interviewed (those who re-
fused, about an equal number in each group, were excluded from the
study) and the questions were phrased to omit any reference to the
child. The parents’ names were submitted to all Baltimore hospitals
in an effort to locate existing medical records which (if found) were
thoroughly scrutinized.

There were no significant differences between the groups in their
residential history, the number of hospital admissions, or the place
where they had received the radiation. Most of the exposures had
taken place in private clinics or doctors’ offices, rather than in hos-
pitals, and the hospital records were primarily used as a check on the
comparability of the groups.

Radiation exposures were divided into diagnostic (excluding flu-
oroscopy), fluoroscopic, therapeutic, and occupational; the 2 groups
did not differ significantly except for fluoroscopic and therapeutic ex-
posures (Table 4-7). Among the mothers of mongol children, 17.7
per cent had had one or more fluoroscopic exposures before the child
was born, but only 8.1 per cent of the control mothers; 14.5 per cent
of the mothers of mongol children had been exposed to radiotherapy

Table 4-7. Summary of Parental Diagnostic, Fluoroscopic and Therapeutic Radiation {One or
More Exposures), Interview, and Medical Records Prior to Birth of the Index Child

Maothers Fathers
Mongols Controls Mongols Controls
Per Per Per Per
Type of exposure Number cent MNumber cent Number cent Number cent
No Radiation 104 50.0 124 59.9 86 43.7 102 50.0
Radiation
Diagnostic only 50 24.0 56 27.1 62 31.5 52 25.5
Fluoroscopic only 10 4.8 T 3.4 11 5.6 11 5.4
Therapeutic only 8 3.5 3 1.4 4 2.0 4 1.9
Diagnostic and
flucroscopic 14 6.7 8 3.9 17 8.6 21 10.3
Diagnostic and
therapeutic T 3.4 i} 2.9 11 5.6 10 4.9
Fluoroscopic and
therapeutic 2 1.0 1 0.5 2 1.0 2 1.0
Diagnostic, fluoroscopic
and therapeutic 13 6.3 2 0.9 4 2.0 2 1.0
Total known 208 207 197 204
Unknown ] 3.7 9 4.2 19 £.8 12 5.6
Total 216 216 216 216

Source: Sigler, A. T., Lilienfeld, A, M., Cohen, B. H., & Westlake, J. E. 19654, “Radiation
exposure in parents of children with mongolism (Down's syndrome).” Bull. Johns Hopkins Hosp.
117: 37499,
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(8.8 per cent for skin conditions), compared with 5.1 per cent of the
control mothers (2.3 per cent for skin conditions). The skin condi-
tions treated in many of the first group were acne and eczema, but
none of the control mothers were treated for these—an unexplained
finding.

Though no difference was found between the groups in occupa-
tional exposure to ionizing radiation, 2 interesting differences did
emerge: (1) 7.9 per cent of the mothers of mongols had been em-
ployed in the medical field, compared with 3.3 per cent of the con-
trols, and exposure was possible; and (2) a slight difference in the
military history of the fathers in the 2 groups led to the finding that
8.7 per cent of the fathers of the mongols had worked with radar, as
compared to 3.2 per cent in the control group; this was the only sig-
nificant difference between the 2 groups of fathers. This study
showed that for all kinds of ionizing radiation, 50 per cent of the
mothers in the mongol group had never been exposed at all, compared
with 60 per cent of those in the control group; while 13 mothers in the
mongol group, but only 2 in the control group, had been exposed to
more than one kind (diagnostic, fluoroscopic, therapeutic) of radia-
tion. All these differences are significant, at the 5 per cent level at
least.

The results reported by Sigler, Lilienfeld, Cohen, and Westlake
(1965a), as well as the experimental data, are suggestive of a rela-
tionship between radiation and mongolism. Confirmation of these
results, however, for both ionizing radiation and radar exposure is
necessary.

Maternal Ill Health during Pregnancy

For reasons already mentioned, several investigators have studied
the possible relationship of mongolism to different states of maternal
ill health during pregnancy. This was reviewed by Ingalls in a series
of reports published during 1947-57 (Ingalls, Babbott, & Philbrook;
Ingalls & Gordon; Ingalls, 1947b). A seemingly high frequency of
bleeding during pregnancy has been reported by several authors
(Biedleman; Benda, 1946; Ingalls, Babbott, & Philbrook). Typical
of the results was that of Ingalls, Babbott, and Philbrook, who re-
ported a 20 per cent frequency of bleeding during the first trimester
as compared to 10 per cent in a control group. Many of these studies
were inadequately controlled, particularly with regard to maternal
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age. Smith and Record (1955b), in a better controlled study, found
no statistically significant difference in the frequency of uterine
bleeding.

Some investigators have also suggested that gynecological disorders
are more frequent among mothers of mongols than among those of
controls (Ingalls, Babbott, & Philbrook). Smith and Record (1955b)
found no such relationship in their study. Ingalls, Babbott, and Phil-
brook also reported a higher frequency of organic heart disease among
the mothers of mongols than among controls (30 per cent versus 10
per cent).

Related to these studies are the reports by Stott and Drillien and
Wilkinson indicating a higher frequency of history of emotional shock
among mothers during the mongol pregnancies as compared to preg-
nancies of non-mongol mental defectives. These studies are open to
criticism, since the information was obtained retrospectively and no
doubt there is a considerable degree of error in this type of data.
However, in view of the possible existence of a relationship between
the nervous and endocrine systems and the possible influence of the
latter on mongolism, the potential role of emotional factors should
not be dismissed. A thorough investigation of this factor requires a
prospective study.

Many of these findings should now be reinterpreted in the light of
the cytogenetic findings which indicate essentially that any influence on
nondisjunction should occur prior to, or at about, the time of concep-
tion, or at the very latest, shortly after conception. In addition, since
most of these studies have not been adequately controlled for mater-
nal age, it is quite possible that many of the findings merely reflect the
increased frequency of these conditions with maternal age, or some
may even be a result, rather than a cause, of the mongol pregnancy.

Maternal Exposure to Fluorides in the Water Supply

Based on the clinical observations of a paucity of dental caries
among mongol children, Rapaport hypothesized that an increased
fluoride concentration in the water supply was of etiological impor-
tance in mongolism (Benda, 1960; Rapaport). To test this hypoth-
esis, he collected data on the frequency of mongol births in cities in
Illinois, selected on the basis of the fluoride concentration of the water
supply. Using birth and death certificates and “registries of specialized
medical schools in the state,” he ascertained all of the cases of mon-
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golism born from January 1, 1950 to December 31, 1956 for mothers
who had resided before the birth of the mongol in cities of from
10,000 to 100,000 population in Illinois. He then determined the fre-
quency of mongolism for groups of cities, according to the fluoride
concentration of their water supply. The results are presented in
Table 4-8.

The data in this table are interpreted by Rapaport as suggesting an
increase in the incidence rate of mongolism with increasing fluoride
concentration. Unfortunately, the data are difficult to evaluate since
the total frequency of mongolism is 0.44 per 1,000 births, a much
lower rate than those presented in Chapter 2. This low rate suggests
a relatively high degree of incomplete ascertainment of cases, which
in turn raises additional questions. There is the possible influence of
bias in the ascertainment of cases and, of course, there may well have
been a differential and biased ascertainment in cities with different
fluoride concentrations in their water supply. Although fluorides in
the water supply may be of etiological significance, the results of
Rapaport’s analysis are inadequate to substantiate that hypothesis.

Other Maternal Factors

Cowie (1961), in a small series of mothers, reported that mothers
of mongols who were under 27 years of age had higher androgyny
scores and higher biacromial diameters than mothers over 27 years of
age. They also found that these young mothers had an increased
output of urinary dehydroepiandrostrone; more than that of both a
control group and older mothers (Rundle, Coppen, & Cowie). This
confirmed previous findings of Ek and Jensen and suggests that endo-
crinological abnormalities may be characteristic of mothers of mon-
gols. Clearly this should be studied in a larger series of cases.

Table 4-8. Frequency of Mongolism in Cities of 10,000-100,000 Population, Illinois, January 1,
1950=-December 31, 1956

Concentration Cases of mongolism
of fluoride =
in water supply Number Mumber Incidence rate
(mg./lit.) of cities of births Mumber (per 100,000 births)
0.0 15 63,521 15 23.561
0.1-0.2 24 132,665 52 39,20
0.3-0.7 17 70,111 33 47.07

1.0-2.6 12 67,053 48 71.59

" Note: Statistical significance: X* = 16.29, P < .001. J
Source: Rapaport, I. 1963, “Mongolian oligophrenia and dental caries.” Rev. Stomat. 64:
207-18.

-
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For many years there has been suggestive and conflicting evidence
on the frequency of thyroid abnormalities among mothers of mongols.
Clinico-epidemiological studies of this relationship were reviewed by
Ek; unfortunately, most of the studies were inadequately controlled.
Ek studied 41 mothers of mongols during 1956-57; these women
were examined and had blood samples collected for protein blood
iodine (PBI) determinations. He reported a mean value for this group
of women that was significantly higher than the normal values in his
laboratory. In addition, he reported a high frequency of goiter in
these women (29 per cent), which was higher than the normal ex-
pectancy (1.1 per cent). Unfortunately, here too there was no
control group.

Reflecting this interest in the relationship of thyroid disease to mon-
golism and the more recent emerging interest in autoimmunity in the
etiology of disease, Fialkow (1967) reported that 29 per cent of 242
mothers of mongol patients showed evidence of thyroid antibodies, as
compared to 16 per cent of a group of controls who were age and sex
matched. Additional analysis indicated that the difference is essen-
tially limited to mothers under 35 years of age (Table 4-9). This
suggests that this relationship might be more significant in the more
unusual type of chromosomal abnormalities in mongolism—mosaic,
translocation, and familial trisomy 21 and has been supported by some
incomplete data on 4 mosaic mongols, 3 of whom had mothers with
evidence of thyroid disease.

Table 4-9. Observed and Expected Positive Thyroid Antibody Tests in Mothers of Children
with Down's Syndrome in Relation to Maternal Age at Birth of the Propositus

Maternal age

At test (years) 18-32 3345 46-T0 All ages
Expectation of Number of positive
positive test 0.030 0.144 0.291 0.161 reactions
Number of mothers tested — —

At birth (number positive) Expected Observed
15-19 5(1) 2 (1) 0 (0) 7 0.438 2
20-24 23 (4) 1 (0 1 (D) 25 1.125 4
25-19 25 (9) 18 (4) 1 (0 44 3.633 13
30-34 13 () 21 (8) 10 (3) 44 6.324 15
35-39 31 (7) 24 (5) 55 11.448 12
4044 12 (7) 29 (11) 51 11.607 18
4549 2 (0 14 (5) 16 4.362 3
Total 66 97 9 242 38.937 69

Source: Fialkow, P. J. 1967. “Thyroid antibodies, Down's syndrome, and maternal age."”
Nature 214: 1253-54,
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However, similar observations were made by Dallaire and Flynn
(1967bh) in a study of 44 mothers of trisomy 21 children and several
comparison groups, including 51 mothers of children with multiple
malformations but normal chromosomal patterns, 50 mothers of nor-
mal children; a group of 120 women between 19 and 69 years of age
who had no children; and 6 mothers of children with chromosomal
abnormalities other than trisomy 21 (Table 4-10). From these data,
it is quite clear that there is a significant increase in the per cent of
positive sera (for thyroglobulin) among mothers of mongols, as com-
pared to the other groups of mothers.

Interpretation of these data is not clear at present. The following
hypotheses can be entertained to explain these observations: (1) an
increase in antibodies produces an increase in the risk of chromosomal
abnormalities resulting in mongolism; (2) the mongol fetus stimulates
the mother to develop antibodies; and (3) both mongolism and in-
creased antibodies may be a result of a common factor. Evaluation of
these hypotheses would require a prospective study, which will be
discussed later in recommending further epidemiologic research.

In addition, Allison and Paton have suggested that maternal infec-
tion with Mycoplasma hominis type 1 may be of etiologic importance
in mongolism (Allison). They point out that the frequency of anti-
bodies to this mycoplasma increases with increasing age, mycoplasma
infects the entire genital tract from the ovary to the vagina and produces
hydrogen peroxide which can cause chromosomal abnormalities. In
tissue culture the Mycoplasma hominis type 1 produces endoduplica-

Table 4-10. Freguency of Positive Test for Thyroid Antibody and Other Characteristics of
Mothers of Aneuploid Children and Controls

Mean

Mumber Mean number Positive age
of Mean tanned red cell (at pro- Mean
women Preg- Miscar- Normal birth — — band's age
Group tested nancies riages siblings order Number Per cent birth) (at test)

Down's
syndrome 44 3. 77 0.54 2.13 3.45 12 27.3  33.25 M. 9
All aneuploid 50 3.86 0.50 2.28 3.55 13 26,0 33.08 34.70

Multiple mal-

formations 51 4.05 0.45 2.78 3.60 6 11.7 28.47 31.80
MNormal

controls 50 .10 0 2.10 3.10 6 12,0 20.60 34.24
Gravida-0

women 120 0 0 0 0 3 2.3 = a1.32

Sowrce: Dallaire, L. & Flynn, D. 1967b. “Frequency of antibodies to thyroglobulin in relation
to gravidity and to Down’s syndrome.” Canad. Med. Assoc. J. 97; 209-12.
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tions and chromosomal abnormalities. Studies are now in progress
comparing the antibody status of mothers of mongols and controls
and their results will be of interest.

Of some interest is the finding of Sigler, Cohen, Lilienfeld, West-
lake, and Hetznecker of a significantly greater number of multiple
marriages before the birth of a mongol child than that in a normal
control group (16.2 per cent of multiple marriages as compared to
6.9 per cent). Other aspects of marital history did not differ in the

2 groups (Table 4-11). These results are puzzling and require
confirmation.

Table 4-11. Marital and Reproductive History of Mothers of Children with Down's Syndrome
and of Control Children

Down's
syndrome Controls
MNumber Number P
Marital and reproductive history (216) (216) value
Married twice or more before birth of index child (per cent) 16.2 6.9 <.01
Married once or more following birth of index child (per cent) 1.4 0.5 >.30
Median number of years married before birth of index child B.13 B.48 >.30
Median number of years married before first pregnancy ended 1.93 1.99 > .50
Median interval between previous pregnancy and birth of

index child 2.93 3.21 =50

Source: Sigler, A. T., Cohen, B. H,, Lilienfeld, A. M., Westlake, J., & Hetznecker, W. H.
1967. “Reproductive and marital experience of parents of children with Down's syndrome
(mongolism).” J. Pediat. 70: 605-14.
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Familial Aggregation and Twin Studies

Familial Aggregation of Mongolism

Before chromosomal abnormalities were implicated in mongolism,
familial occurrence was a major area of research interest. Two aspects
of familial aggregation held particular interest for the investigators—
the frequency of mongolism among sibs of mongols and the risk of
the birth of a second mongol; the latter attracted attention because of
the practicality of genetic counseling. Bodk and Reed, recalculating
data presented earlier by Penrose (1934-35), found that among the
814 siblings of 217 persons with mongolism, 7, or 0.85 per cent, were
mongoloid. Later, Penrose (1939) reported a frequency of 1.47 per
cent among 271 siblings of mongols; these risks did not appear to be
excessive. Additional computations of the Penrose data show that
among 153 children born alive subsequent to the first mongol child,
6, or 3.9 per cent, were also mongoloid.

By 1956, Oster had collected from the literature approximately 30
well-documented cases of multiple occurrence of mongolism in sib-
lings. In an analysis of his own data, he reported that the mothers of
526 mongols had 343 additional live births, 4 of whom were mongols;
a contrast to the expected number of 1.4, which was not statistically
significant.

In 1961, Carter and Evans reviewed some of the methodological
problems that had not been considered in earlier studies but which
may well have been responsible for some bias in the estimates. They
collected family data on 642 patients of a hospital in London, during

75
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the period 1944-55, and combined these data with those of @ster
(1956). They analyzed the frequency of mongolism among sibs who
were younger and older than the index mongol child by maternal age,
and it became clear that there was a significant increase in the risk of
having a second mongol child (Table 5-1). There were 9 affected
younger sibs as compared to an expectancy of less than 3. One also
notes from this table that among younger mothers, the observed/
expected ratio is quite high, with a gradual decrease in ratio as the
maternal age increases. In judging the risks in terms of the mother’s
age at the time of birth of the index child, one recognizes that a higher
risk prevails among younger mothers (Table 5-2). In the same year,
1961, Berg and Kirman reported similar results from a survey of
families of 778 mongols with 367 children born after the birth of the
mongol child, who was either living at home or institutionalized in
London. A summary of their results is presented in Table 5-3. Note
the markedly excessive risk of a second mongol among the younger
mothers.

Lejeune, Gautier, and Turpin’s (1959a) report of trisomy in mon-
gols in 1959 stimulated a great deal of interest in the chromosomal
patterns in familial mongolism. Penrose, Ellis, and Delhanty reported
on a cytological study of several members of a family with 2 mongol
sibs where the patients’ mother, maternal grandmother, and sister had
45 chromosomes; this was interpreted as a reciprocal translocation, an
interpretation suggested by Snell and Picken’s experimental work on
hereditary malformations in mice. Carter, Hamerton, Polani, Gunalp,
and Weller and Polani, Ford, Briggs, and Clarke reported similar
types of families. Finally, Hamerton, Briggs, Giannelli, and Carter
performed chromosomal studies on the families of 9 index patients

Table 5-1. Relative Prevalence of Down's Syndrome in Sibs of Index Patients and in General

Population
y Matn:rnal age at birth of sib
15-24 25-29 30-34 354 Total
Y ounger sibs affected 2 4 2 1 ]
Expected number affected 0.039 0.112 0.176 1.988 2.315
Observed /expected 51.3 5.7 11.4 0.5 1.9
Older sibs affected 2 2 1 2 )
Expected number affected 0.370 0.578 0.730 1.850 3.527
Observed /expected 5.4 3.5 1.4 i.1 2.0

Narte: Carter and Evans' series and @ster's series combined.
Source: Carter, C. 0. & Evans, K. A. 1951. “Risk of parents who have had one child with
Down's syndrome {(mongolism) having another child similarly affected.” Lancer 2: 785-88.
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Table 5-2. Comparison of Observed and Expected Number of Affected Sibs According to
Mother's Age at Birth of Index Patient

Maternal age group

15-24 25-34 35+ Total
Observed affected sibs 4 3 2 9
Expected affected sibs
A 0.068 0.606 1.741 2.415
B 0.108 0.602 1.646 2.356
Observed /expected
A 58.8 5.0 1.1 3.7
5.0 1.2 3.8

B 37.0

Note: A, estimated from the incidence of mongolism reported by Carter & MacCarthy (1951).
B, estimated by comparing the maternal age distribution for the cases with that for England and
Wales.

Source: Carter, C. O. & Evans, K. A, 1961. *Risk of parents who have had one child with
Down's syndrome (mongolism) having another child similarly affected.” Lancer 2: T85-88.

with an affected sib using the series of cases reported on earlier by
Carter and Evans. In 3 of these families translocations were found,
and in all of these families the mother was under 25 years of age at
the birth of the index patient. Investigators seem to agree that the
chromosomal composition of these families accounted for most of the
increased risk for young mothers of a mongol child to have a second
affected child.

Gradually one saw the development of the concept that familial
translocation represented the principal source of multiple cases of
mongolism in a family. Many investigators began to study the
chromosomes of families where there was a familial occurrence of
mongolism, and in light of the previously determined maternal age
relationships, many of the studies were limited to families of young
mothers (Atkins, O'Sullivan, et al.; Dekaban, Bender, & Economos;
Breg, Miller, & Schmickel; Shaw; Forssman & Lehmann). A detailed
consideration of these problems would require detailed cytological

Table 5-3. Increased Risk of Having a Second Child with Mongolism

Expected incidence

Maternal age of mongolism Incidence of
at birth of Mumber of live in subsequent  mongolism in Risk
subsequent child births after births if risk subsequent increased
(years) birth of mongol  is not increased hirths by
<40 286 0. 56 4 T. 1%
40+ gl 1.34 3 2.2
Total 367 1.90 T 1.7T%

Source: Berg, J. M. & Kirman, B, H. 1961. “Risk of dual occurrence of mongolism in sibships.™
Arch. Dis. Child, 36: 645-48.
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descriptions and there are several excellent recently published reviews
in this area; therefore, it did not seem appropriate to present the de-
tailed genetic and cytological data in a discussion of the epidemiology
of mongolism (Penrose & Smith; Hamerton). However, to provide
an over-all idea of the relative magnitude of these types of mongols,
we have reproduced a table from a paper by Day and Wright sum-
marizing the types of data obtained in a series of such studies (Table
5-4). We note that in these young mothers, only 11 per cent of the
mongols are due to translocations and of the 12 cases reported, 3, or
25 per cent, can be said to be inherited, that is, a parent has been
identified as a translocation carrier; the inherited group represents
about 3 per cent of all the mongols in these series. In summarizing
these data, the authors indicate that

the value of chromosomal studies in Down’s syndrome can be illustrated
in the following way. By combining the 41 patients reported here with
those discussed in similar studies (Table 5-4), 3 of the 109 patients (1
in 36) are shown to have received their extra number 21 material from
a parent known to carry a translocation. In all 3 patients the transloca-
tion was of the D/G type, and the mother was the carrier. The risk of
recurrence in subsequent offspring of a D/G translocation carrier mother

Table 5-4. Distribution of Chromosomal Abnormalities in Several Series of Patients with
Down's Syndrome by Maternal Ages at Parturition and by Type and Frequency
of Translocation

S ——

Chromosomal abnormality
Translocation

Investigator Ma- Tri- Translocation Inherited frequency
and year of ternal somy translo- Total
report age 21 D/G G/G Total cations patients All  Inherited
Hayasha
(1963) < 30 28 3 0 3 1 3 D.10 0.33
Breg, Miller,
& Schmickel
(1962) <29 10 2 ] 2 1 12 0.17 0.50
Edwards,
Dent, &
Guli (1963) <30 21 2 2 4 0 25 0.16 0,00
Subtotal 59 7 2 o 2 68 0.13 0.22
Day & Wright
(1965) <20 k)] 1 2 3 1 41 0.07 0.33
Total 57 ] 4 iz 3 109 D.11 0.25

Note: Trisomy 21 includes mosaics, 46/47, 2-21/3-21. Inherited translocation frequency refers
to those inherited from an identified carrier parent.

Source: Day, B. W. & Wright, 5. W. 1965. “"Down's syndrome at young maternal ages:
Chromosomal and family studies.” J. Pediar. 66: 764-71.
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can be estimated at 1 in 3. If chromosomal studies are not performed,
the recurrence risk can be estimated by combining the 2 fractions, 14
(for the proportion of patients with an inherited translocation) times 4
(the recurrence risk to a D/G translocation carrier mother). The result,
1408, OF approximately 1 per cent, gives an estimate of the empiric risk
or chance that a mother less than 30 years old at the birth of her first
affected infant might have another child with Down’s syndrome in any
succeeding pregnancy.

When chromosomal studies have been performed, however, a patient
is identified as having either trisomy or a translocation. The recurrence
risk in the former is small, certainly much less than 1 per cent. If a
translocation is found, the recurrence risk is higher. However, a large
proportion (three-fourths in these data) of translocations arise de novo.
Demonstration of normal parental complements will provide evidence
on this point. Finally, if the patient has a D/G translocation shown to
be inherited from a carrier mother, the recurrence risk is probably
high, estimated here at 1 in 3.

The above calculations are based on a small sample of patients. It
must be reaffirmed that all these figures are open to modification, i.e.,
the risk changed according to the type of translocation and the sex of
the carrier parent. For instance, a sample which included inherited
G/G translocations or identified parental carriers might yield very
different risk figures (Lejeune). Further, none of the estimates given
should apply to families with a history of Down’s syndrome; here chro-
mosomal studies are strongly indicated. On the other hand, the relative
magnitude of differences in these estimated recurrence risks, according
to the type of chromosomal abnormality, suggests that such studies in
families where the maternal age at birth of the first affected child is less
than 30 years have considerable value.

An interesting computation was carried out by Petersen and Luz-
zatti using these familial data. Given that, (1) 1.8 per cent of mon-
gols born to mothers 15 to 29 years of age is due to the presence of a
D/21 translocation in the mothers, and (2) the expected proportion
of affected offspring born to such mothers is 0.33, and (3) the over-
all frequency of mongols in this maternal age group is about 0.7 per
1,000 births, they went on to estimate that in this age group, three-
quarters of the increased recurrence risk can be accounted for by a
D/21 translocation. In the 30 to 34 maternal age group, this esti-
mate becomes one-half, and for those over 35 there is no increase in
recurrence risk due to D/21 translocations. The authors admit that
there are certain statistical problems that have not been taken into ac-



80 EPIDEMIOLOGY OF MONGOLISM

count in making these estimates, such as the small series of cases on
which some of the frequencies are based, the problems associated
with the pooling of data, as well as those of ascertainment of cases.
However, it is an interesting approach since it does provide some idea
of the order of magnitude of the relative importance of certain
cytological types.

It is also clear that for the mongol population as a whole, consider-
ing the relatively smaller per cent of mongols born to mothers in the
younger ages, the contribution of this genetically determined type of
mongol, though small, is of great biological and genetic interest.

Familial aggregation of trisomy 21 has also been reported in all
maternal age groups. Zellweger indicated that 30 such sibships have
been reported and no doubt more exist but have probably escaped
recognition since familial studies have been concentrating on the
translocation mongols. Investigators have speculated on possible rea-
sons for familial aggregation which suggest familial aggregation of
nondisjunction. There is experimental evidence in drosophilia sim-
ulans that a rare recessive trait causes nondisjunction at oogenesis
(Sturtevant). Some investigators have therefore considered the possi-
bility that a recessive gene influences nondisjunction. If such a gene
is sufficiently rare in the population, one should then find a high fre-
quency of consanguineous marriages among parents and/or grand-
parents of mongols. Forssman and Akesson (1967) in Sweden found
that 9, or 0.8 per cent, of the parents of 1,079 cases were related, not
a very different frequency from that found in the Swedish population.
Analysis of paternal and maternal grandparents indicated that 1.7
per cent of the former and 1.5 per cent of the latter were consan-
guineous marriages—a frequency which was close to expectancy. The
finding of a higher frequency of consanguineous marriages among
grandparents than among the parents probably reflects the steadily
decreasing frequency of consanguineous marriages in Sweden. The
authors also reported on some data they obtained from Penrose in
England indicating that less than 1 per cent (5 out of 700) of the
parents were consanguineous, as well as the grandparents, a similar
order of magnitude. Matsunaga (1966), in a series of 104 Japanese
mongols, Berg, in a series of 302 mongols in London, and Polani, in
a series of 208 mongols, similarly did not find a higher frequency of
consanguineous marriages among parents of mongols. Additional evi-
dence on the influence of consanguinity is available from a study of
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the prevalence of mongolism in an inbred population. Kwiterovich,
Cross, and McKusick reported a prevalence (0.16 per cent) of mon-
golism in an inbred Old Order Amish community that is essentially
the same as that observed in outbred populations. These data suggest
that recessive genes are not involved in producing or predisposing to
nondisjunctional events leading to mongolism.

It has also been inferred that familial aggregation reflects the pres-
ence of undetected gonadal mosaicism of both normal and trisomy 21
cells in these parents. This hypothesis would be difficult to test,
although some efforts should be made to do so.

Viewing the matter from another perspective, some investigators
are inclined to think that familial aggregation of trisomy is a rela-
tively rare occurrence (Ingalls & Henry). Evaluating this degree of
rarity is difficult because of the possible influence the birth of a mon-
gol child may have on the parents’ decision to have additional chil-
dren, an area for which very little information is available.

Other Chromosomal Abnormalities in Families of Mongols

It is of interest from both epidemiological and genetic viewpoints
that over a period of many years investigators have reported series of
families where mongolism has occurred together with other chromo-
somal abnormalities. The types of chromosomal abnormalities among
sibs, offspring, first cousins, aunts, and nieces have included Turner’s
syndrome, Klinefelter’s syndrome, trisomy 17-18, XXXXY males,
XXX females, and others. About 20 such families have been reported
and summarized by Penrose and Smith and Hecht, Bryant, Motulsky,
and Giblett.

There has been considerable speculation that the familial aggrega-
tion of different forms of chromosomal aberrations is of etiological
significance and indicates the influence of genetic factors on nondis-
junction or of the influence of viral or other agents which aggregate in
families. One of the considerations in accepting such an interpretation
rests on whether or not the observed degree of familial aggregation is
a chance phenomenon. Several investigators have made efforts to
clarify this question. For example, Hecht, Bryant, Motulsky, and
Giblett surveyed 60 families with trisomy 13-15 or trisomy 18 and
found 3 mongol sibs. They estimated from the maternal age incidence
data of Carter and MacCarthy that 0.15 sibs would be expected, a
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difference from the observed number that was highly statistically
significant (P < 0.001).

However, one of the major difficulties in interpreting such data,
including those reported by Hecht, Bryant, Motulsky, and Giblett, is
that the problems of ascertainment were not resolved. Apparently,
because of the rarity of the condition, many of the families included
in these studies were collected from many cities throughout the U.S.
and Europe. It is quite possible that families with more than one child
affected with these different types of chromosomal abnormalities have
a higher probability of being brought to the investigators’ attention.
Such biased ascertainment would no doubt produce a higher degree of
familial aggregation than is actually present, and these data should
therefore be cautiously interpreted.

Offspring of Females with Mongolism

Benda, in 1946, stated that “as far as is known, no mongoloid girl
had ever become pregnant.” Since then there have been reports on
13 cases of mongol females with offspring. These have been sum-
marized by Johnston and Jaslow, and Tricomi, Valenti, and Hall.
According to genetic theory, 50 per cent of these children should be
mongols and the actual observations are in accord with theoretical
expectations.

Twin Studies

Prior to the cytological era, investigators were interested in twin
studies in attempting to distinguish between genetic and environmental
factors in the etiology of mongolism. The method most frequently
used in such studies was to select a group of mongols who are mem-
bers of a twin pair, determine which twins are monozygotic or dizy-
gotic, and for each of these types, determine the per cent concordance,
i.e., the per cent of twins, both members of whom have the disease.
If the disease is completely genetically determined, the per cent con-
cordance among monozygotic twins would be 100 per cent, whereas
the concordance for dizygotic twins would be of a much lower order
of magnitude. On the other hand, a completely environmentally de-
termined disease would result in concordance frequencies that are
approximately the same for both types of twins. If a strong genetic
component interacts with the environment to produce the disease, the
frequency among monozygotes should be less than 100 per cent, but
significantly higher than among dizygotes.
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The early literature on twin studies of mongolism consists of indi-
vidual case reports of concordant and discordant twin pairs. Several
interested investigators summarized all of the reported cases in the
literature and added several of their own cases with an analysis in
terms of concordance percentages. This procedure posed several
methodological problems. Many of the early individual case reports
diagnosed zygosity on a clinical basis, the validity of which is open to
question. This method could, of course, bias the results if the presence
of the same disease in both members of a twin pair influenced the in-
vestigator in making a monozygotic diagnosis. Another consideration
is the possibility that individual case reports are not a representative
sample of all cases of mongol twins in the population. The more
unusual cases, such as a monozygotic twin or concordant twins,
probably have a greater chance of being reported. The possibility of
such selective factors limits the inferences that may be derived from
such data.

The most recently reported summary of case reports in the litera-
ture is that of DeWolff, Schérer, and Lejeune in 1962 (Table 5-5).
This summary includes one monozygotic twin pair on whom a chro-
mosomal analysis was done; one member of the pair was a standard
mongol whereas the other was chromosomally and phenotypically
normal. This could occur from an abnormal division of the chromo-
somes during the early stages of development.

Allen and Baroff reported on a study of mentally defective twins;
ascertainment was from the New York State schools for mental de-
fectives where a twin reporting system had been established in 1937.
Among 645 twins so ascertained, 32 were mongols; they added several
twin pairs to the study who had been referred to clinics. The zygosity
of most of these twin pairs was diagnosed by blood group determina-
tions and other objective methods (Table 5-6). To these data one
can add the case reported by Dekaban, where one twin had a normal

Table 5-5. Distribution of Mongol Twins from Summary of Case Reporis

Dizygotic Same sex but
ey uncertainty
Mono- Both Different about zygotic
zygotic SAMe Sex SEX type Total
One affected (discordant) 1 46 79 43 169
Both affected (concordant) 18 1 1 12 iz
Total 19 47 80 55 201

Source: Penrose, L. 5. & Smith, G. F. 1966. Down's Anomaly (Boston: Little, Brown mﬁ
Company).
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Table 5-6. Summary of Index Cases in Terms of Zygosity and Concordance

Institutional series Special cases

Concordant Discordant Concordant Discordant Total

Eﬂnoz-:-.'gmic 2 0 4 0 6
Dizygotic: Same sex 0 6 0 2 8

Opposite sex 0 14 0 1 15
Unknown zygosity 6 3 0 (i} g
Total 8 23 4 3 38

_— — — e

Souwrce: Allen, G. & Baroff, G. 5. IQEE‘I;Mungulﬂid twins and their siblings.” Acta Genet,
Staf, Med. 5: 294-326.

chromosomal complement and the other was a mongol with 48
chromosomes. A complex series of chromosomal errors has to be
postulated to explain such an occurrence.

From the data presented, it appears fairly clear that among mono-
zygotic twins there is about a 90-95 per cent concordance in mongols
as compared to, at most, about 10 per cent concordance among
dizygotic twins, even if one includes those series with uncertain diag-
noses of zygosity. Probably the per cent concordance among dizygotes
is much less than this. Such results are consistent with what would be
expected from the chromosomal findings in mongolism.

Another feature of twin studies and their relation to mongolism was
considered by Allen and Kallmann, who were interested in the fre-
quency of twins among mongols. They determined this frequency
among the institutionalized mongols and found it to be 1.95 per cent,
which is what would be expected, but remains difficult to evaluate
because of the selection of twins, mongols, etc. from institutions, and
because of the excess mortality early in life for both twins and mon-
gols. It would certainly be of interest to determine if there is an asso-
ciation between mongolism and twinning, particularly since maternal
age affects the frequency of dizygotic twinning as it does mongolism.
Thus, there may be an etiological relationship between these 2 condi-
tions which should be investigated.



6:

The Association of Mongolism
with Other Diseases

Mongolism and Leukemia

One of the more firmly established epidemiological facts about mon-
golism is the frequently confirmed observation that mongols have
an increased risk of developing leukemia. The first case report
appeared in 1930, followed by several other case reports which stim-
ulated a statistical survey by Krivit and Good (Brewster & Cannon;
Ingalls, 1947a; Merritt & Harris; Bernhard, Gore, & Kilby). They
sent questionnaires to more than 300 medical centers in the United
States asking about the simultaneous occurrence of these 2 diseases.
The completed questionnaires of the 125 responding centers showed
that 34 cases of mongolism simultaneous with leukemia had occurred
in children under 5 years of age, during the period 1952-55. To de-
termine whether or not this was a chance occurrence, the investigators
estimated the number expected from previously determined incidence
rates of mongolism and of leukemia. The details of the computations
need not be presented here, but if chance alone were operating, 12.3
cases would be expected as a maximum. Since the observed number
(34) was probably a minimal estimate because of obvious under-
reporting of such cases, the data were highly suggestive of a relation-
ship between these 2 diseases.

Additional studies using the following 2 different study approaches
were then conducted by several investigators: (1) the determination
of the frequency of mongols among cases with leukemia, and (2) the

85
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determination of the frequency of, or mortality from, leukemia among
mongols.

In each study approach, various types of comparison groups were
selected, ranging from matched controls to estimated expected num-
bers of cases from national vital statistics data or conservative esti-
mates of incidence rates of each of the diseases obtained from other
investigations. It is unnecessary to describe these studies in detail; a
summary of the studies describing the methods of selection, the com-
parison groups, and the results is presented in Tables 6-1 and 6-2.
However, it should be noted that several of these studies were not
directly concerned with this relationship per se, but the finding of this
association was included in the general presentation of the study. For
example, in studies on the survivorship of mongols, reports on the
different causes of death of mongols which included leukemia, pro-
vided additional information on this relationship.

Table 6-1. Summary of Studies Showing Frequency of Mongols among Cases of Leukemia
and a Comparison Group

Leukemia cases

Investigator Years Mongols
and year of of Total
report study Methods of selection number Number Percent

Iverson (1960) 1946-57 Case records of patients under 15
vears admitted to hospitals for first
time with diagnosis of leukemia
throughout Denmark. 273 5 1.8

Knox (1964) 1951-60 Leukemia in children with onset
before 15th birthday in the North

of England. 185 9 4.9
Stewart, Webb, 1953-55 Deaths from leukemia or cancer in
& Hewitt (1958) children under 10 years of age in

England and Wales. 677 17 2.5
Ager, Schuman, 1953-57 Deaths under 5 years of age from
er al. (1965) leukemia in Minnesota. 124 9 T.2
Barber & 1953—60 Deaths from leukemia and other
Spiers (1964) childhood cancers in England and

Wales before age of 10 years, 1,795 49 2.7
Wald, Borges, 1955-59 Leukemia deaths in Pennsylvania,
et al. (1961) —_— 21 —

Miller (1963) 1958-61  Children with leukemia under 16
yvears of age in 12 medical groups
in U.S. (white children).

459 6 1.3
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Table 6-1 summarizes 7 studies reporting the frequency of mongols
among cases of leukemia. In these studies the frequency of mongols
ranged from 1.3 to 7.2 per cent as compared to 0.03 to 0.3 per cent
among the comparison groups. The excess of mongols among leu-
kemic children ranged from 6 to 100 times. Variations in the esti-
mates of excess frequency of mongols are probably a result of differ-
ences in diagnostic criteria, as well as differences in methods of
selection of comparison groups. Table 6-2 summarizes those studies
on the frequency of leukemia among mongols, as compared to the
observed frequency in a comparison group, or that expected on the
basis of mortality experience. In general the frequency of leukemia
is about 8 to 19 times greater among mongols than generally ex-
pected. Again, the variations no doubt reflect variation in the diag-
nostic criteria of leukemia and differences in the frequency of leu-
kemia in the different geographical areas where the studies were

Table 6-1. Continued

Comparison group

Mongols Degree
Total of
Type number Number Per cent excess
Expected on basis of mongolism incidence of
1,/600.
— 0.5 — 10
None.
@. Deaths from other cancers of childhood. 739 1 0.1 25
b. Live children matched for sex, age, locality. 1,416 0 0.0 —_
Highest recorded incidence of mongolism.
— — 0.3 21
a. Deaths from other cancers of childhood. 1,985 3 0.2 10-100
b. Live children matched for sex, age, locality, 3,718 1 0.03 —
Expected on basis of mongolism incidence of
1.5 per 1,000. — 2 — 10
Meighborhood controls matched by age, 1 (ex-
birth order, family size, and race. pected
based on
incidence
data)

459 0 0 6
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Table 6-2. Summary of Studies Showing Frequency of Leukemia among Mongols and a Com-
parison Group or Expected Frequency Based on Mortality Experience

Mongols
Investigator Years Leukemia
and year of of Total
report study Methods of selection number Number Per cent
Merrit & 1930-55 Cases diagnosed at Duke Univer-
Harris (1956) sity Hospital. 255 4 1.6

Carter (1958) 1944-55 Survey of children who attended
The Hospital for Sick Children in
London to determine survivorship

of mongols. T25 3 0.4
Holland, Doll, 1944-55 Children at The Hospital for Sick
& Carter (1962) Children in London, T38 5 0.7

1946-57 Children reported to Medical Ofi-

cer of Health or to Mental Health

Department of Middlesex County

Council. 3635 0 0
1948-59  Patients diagnosed or admitted to

one of 5 mental deficiency hospi-

tals (survivorship). 930 2 0.2

Total 7

IEIEWDIH:{IBM}_ 'IE—IEI Chil-:.llr;n- e;c;miﬁcd at i—[aspital for
Sick Children in Aarau (Switzer-
land). 134 5 3.7

conducted. However, it should be noted that in only 2 studies was an
actual comparative group used, and in no study was an actual control
group selected in a systematic random fashion (Holland, Doll, &
Carter; DeWolff).

Turner (1962) carried out a detailed analysis of the relationship,
using 2 different methods of study. First, he computed the age- sex-
specific death rates from leukemia for Pennsylvania during the years
1955-60 and applied the rates to the estimated population of mon-
gols. This determines the number of expected leukemia deaths among
Pennsylvania mongols if the age- sex-specific leukemia death rates
prevail. He then determined the number of leukemia deaths that had
actually been observed in the mongol population and found an ob-
served number of 19 such deaths, as compared to an expected number
of 0.73, an excess of 26-fold (Table 6-3). After computing the age-
sex-specific death rates from leukemia among the institutionalized
mongols, he compared these with those of the general Pennsylvania
population (Table 6-4). Since a selective bias may exist in a com-
parison of an institutionalized population with the general population,
he went on to compare the leukemia incidence among institutionalized
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Table 6-2. Continued

Comparison group

Leukemia Degree

Total of
Type number MNumber Per cent eXCess
None
MNone
Expected number of deaths from leukemia
from national mortality rates. 0.19
0.06
0.14
0.39 18
Frequency of leukemia in hospital patients
over T-year period.
10,171 45 0.4 8-9

mongols with that among other mentally defective individuals who
were also institutionalized. The leukemia death rate among mongols
was 2.2 per 1,000 males and 1.7 for females, as compared with .08
per 1,000 males and 0.04 for females of other mental defectives.
Table 6-5 contains the age- sex-specific observed number of leukemia
deaths in the institutionalized mongol group, as compared to what
would be expected if the death rates from leukemia in Pennsylvania
had prevailed. The differences in observed and expected numbers are
highly significant.

Of further interest is the observation that the increased risk of
leukemia in the mongol population is present throughout life. Also,
the increased incidence is not limited to any specific type of leukemia
but involves the type appropriate to the age of the affected individual.

Another approach has been used to study this relationship. In addi-
tion to analyzing the frequency of mongolism among leukemic chil-
dren, Miller (1963) examined the frequency of mongolism among the
sibs of these leukemic children and compared this to the frequency
among sibs of a group of matched controls. Of 1,000 sibs of the
leukemic children, he observed 5 cases of mongolism as compared to
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Table 6-3. Observe_d Versus Expected Number of Deaths Due to Leukemia in an Estimated
Population of Pennsylvania Mongols, 1955-60

Males Females
MNumber MNumber
of Leukemia deaths of Leukemia deaths
mongols mongols
as of Annual as of Annual
Age  January 1, rate (per Observed Expected January 1, rate (per Observed Expected
groups 1960  100,000) number number 1960  100,000) number number
1-4 313 5.9 2 D.111 313 3.6 3 0.068
509 337 5.9 1 0.119 298 2.4 1 0.043
10-14 255 1.9 3 0,090 245 1.8 3 0.026
15-19 198 2.4 2 0.070 182 1.2 0 0.013
20-24 140 1.4 ] 0.050 135 2.4 0 0.019
25-29 106 4.8 1 0.037 91 0.9 0 0,005
30-34 100 1.9 | 0.025 73 1.8 1 0.008
35-39 79 3.1 0 0,028 52 2.6 1 0.008
Total 1,528 10 0. 540 1,389 9 0.190

—— B —

Note: Expected number computed by- Number mongols » Annual leukemia death rate » 6,
Sowrce: Turner, J. H. 1962, “Mongoloid phenotype: Its incidence, eticlogy and association
with leukemia and other neoplastic disease.” Thesis, Sc.D. Hyg., University of Pittsburgh.

Table 6-4. Comparison of Age and Sex-Specific Leukemia Death Rates of the Institutionalized
Mongol Population of Pennsylvania with Those of the General Pennsylvania

Population
Males Females
Average Leukemia deaths  Annual Average Leukemia deaths Annual
annual among mongols  leukemia annual among mongols leukemia
number (1955-60) death number (1955-60) death
mongols rate in mongols rate in
in insti- Average general in insti- Average general
Age tutions annual popula- tutions annual popula-
groups (1955-60) MNumber rate tion (1955-60) Mumber rate tion
0-4 1 41 406 5.9 1 34 490 3.6
5-9 1 100 - 167 5.9 1 75 222 2.4
10-14 2 102 327 1.9 2 68 490 1.8
15-19 1 83 201 2.4 [i] 55 000 1l 2
20-24 0 55 ] 1.4 0 36 000 2.4
25-29 1 57 292 4.8 0 38 000 0.9
30-34 1 48 347 1.9 1 36 463 1.8
35319 0 35 000 3.1 1 27 617 2.6
40~ 2 52 641 7.3-64.0 1 39 427 2.0-30.7
Total 9 573 7 408
Note: BRates are per 100,000,
Number leukemia deaths (1955-60)
Average annual death rate =
Average annual number mongols in
institutions (1955-60)
10#
» —— = deaths per 100,000 per year.
6

Source: Turner, J. H. 1962, “The mongoloid phenotype: Its incidence, etiology and association
with leukemia and other neoplastic disease.” Thesis, Sc.D. Hyg., University of Pittsburgh.
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1.4 expected from the frequency of mongolism in general and as com-
pared to no mongols among the matched controls, Stark also studied
this issue and reported finding 2 cases of acute childhood leukemia
among 246 sibs of 91 mongolism cases, an observation which is
consistent with Miller’s observation.

There have also been several reports of newborn mongol infants
who had, at the time of birth, conditions which resembled leukemia
(Wegelius, Viadnidnen, & Koskela; Shunk & Lehman; Ross, Moloney,
& Desforges; Engel, Hammond, et al.). However, follow-up of these
children over a period of several years showed a remission of the
blood picture. It is generally felt that these represent leukemoid reac-
tions or as one investigator stated it “ineffective granulopoiesis mas-
querading as leukemia.”

The relationship of mongolism to leukemia is of considerable in-
terest in view of still other observations indicating that in mongols the
nuclei of the polymorphonuclear cells have fewer lobes than normal

Table 6-5. Comparison by Age and Sex of Observed Versus Expected Number of Deaths Due
to Leukemia and Other Neoplasms Occurring among the Institutionalized Popula-
tion of Mongols, Pennsylvania, 1945-49

Leukemia deaths Deaths from other neoplasms
Mumber General General
of population population

Age mongols rate Observed Expected rate Observed Expected
Sex groups atrisk (per 1,000) number number (per 1,000) number number

0.1725

Males 0-4 250 0.059 1 0.0147  0.69 0 0
5-9 857 0.059 0 0.0505  0.37 0 0.3171
10-14 1,380 0.019 2 0.0262  0.21 0 0.2898
15-19 734 0.024 2 0.0176  0.54 0 0.3964
20-24 399 0.014 0 0.0055  0.75 1 0.2992
25-20 420 0.048 2 0.0201 1.04 0 0.4368
30-34 374 0.019 1 0.0071 1.47 0 0.5498
35-39 279 0.031 | 0.0086  2.60 1 0.7254
Total 9 0.1503 2 3.1870
Females  0-4 205 0.036 0 0.0074  0.50 0 0.1025
5-9 647 0.024 2 0.0155  0.17 0 0.1553
10-14 920 0.018 | 0.0166  0.32 0 0.1656
15-19 490 0.012 1 0.0059  0.65 1 0.0589
20-24 266 0.024 0 0.0064  0.98 2 0.0638
2529 280 0.009 0 0.0025  2.25 1 0. 6300
30-34 282 0.018 1 0.0051 4.52 1 1.2746
35-39 219 0.026 1 0.0057  7.59 1 1.6622
Total 6 0.0651 6 4,1129

Note: Number of mongols ;-u_r.Isk estimated from average annual population, 194549, » 1§
years.

Source: Turner, J. H. 1962. " The mongoloid phenotype: Its incidence, etiology and association
with leukemia and other neoplastic disease.” Thesis, Sc.D. Hyg., University of Pittsburgh,
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(Turpin & Bernyer; Shapiro; Liiers & Liiers; Mittwoch). It has also
been pointed out that in mongols there is a shift to the left of the
polymorphonuclear leucocytes and a decrease in the number of large
lymphocytes. Mongols also have a decrease in the frequency of drum-
sticks (nuclear appendages) in their polymorphonuclear leucocytes.

Related to this is a finding in a great majority of cases of chronic
granulocytic leukemia of what has been described as the Ph' (Phila-
delphia) chromosome. It is a specific abnormality in which one of
chromosome pair 21 has lost approximately one-half of one of its
arms; the cause or causes are unknown.

Explanations of the relationship of mongolism to leukemia are at
present speculative. It has been suggested that a gene located on the
trisomic chromosome pair 21 may control granulopoiesis. It has also
been postulated that the relationship is indirect, that is, each disease
may be a result of the same etiological agent. For example, radiation
could produce nondisjunction and result in trisomy 21 and inde-
pendently produce leukemia. Since the nondisjunction would have
to take place prior to or immediately after conception, one would ex-
pect that mongols with leukemia would be most prevalent and per-
haps even limited to the younger age groups. The only available data
for evaluating this is Turner’s which has been presented (Table 6-4)
and indicates that the excess leukemia risk is present throughout life.

Pertinent to this hypothesis is the recently published report of an
experiment in which 7, 12-dimethylbenz [a] anthracene (DMBA)
in repeated doses produced trisomy of one group of chromosomes
and leukemia in rats; this occurred in 10, or 43 per cent, of leukemic
rats in 3 series of experiments (Sugiyama, Kurita, & Nishizuka). This
confirmed a previous report of a similar experiment where in a different
rat strain one case was produced by 7, 12-DMBA.

Another possible explanation is that individuals with chromosomal
abnormalities have an increased susceptibility to environmental agents
that produce leukemia. This hypothesis is compatible in a general
way with that first suggested. If this hypothesis were true, one might
suspect the relationship of other chromosomal abnormalities to leu-
kemia. Recently, Fraumeni and Miller discussed various epidemio-
logical aspects of leukemia and indicated that there is suggestive evi-
dence of an increased risk of leukemia in other clinical syndromes
with chromosomal abnormalities, such as the syndrome of Bloom
and of Fanconi, although still other chromosomal disorders do not
have an increased risk (Table 6-6).
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Table 6—6. Congenital Cytogenetic Disorders and Leukemia—Lyvmphoma

Congenital disorder Cytogenetic defect Associated leukemia-lymphoma
Down's syndrome Trisomy 21 Risk of leukemia known to be 20-
(mongolism) fold or greater
Klinefelter's syndrome XXY or mosaic Case reports
(seminiferous tubule 1 acute myelogenous leukemia
dysgenesis) 1 chronic myelogenous leukemia

1 acute lymphocytic leukemia

2 reticulum cell sarcomas

1 acute undifferentiated leukemia
D-trisomy (Plitau's syndrome Trisomy in group 13=-15  Case reports

of multiple anomalies) 1 congenital myeloblastic leukemia
Bloom's syndrome (low birth Chromosome breakage 23 case reports
weight, stunted growth, and rearrangement of 2 acute myelogenous leukemias
sun-sensitive telangiectatic cultured blood cells 1 acute leukemia
erythema of face)
Fanconi’s syndrome (con- Chromosome breakage 2 case reports with acute mono-
genital pancytopenia with and rearrangement of cytic leunkemia
multiple anomalies) cultured blood cells

Source: Fraumeni, J. F. & Miller, R. W, 1967, “Epidemioclogy of human leukemia: Recent
observations.” J. Nat, Cancer Inst. 38: 593-6035,

Familial Aggregation of Mongolism and Leukemia

Another aspect of the relationship of mongolism with leukemia is
the familial aggregation of these 2 conditions. There have been re-
ports of the occurrence of leukemia among family members of mon-
gols and of mongolism among family members of children with leu-
kemia (Miller, Breg, et al.; Buckton, Harnden, et al.). The mortality
experience of the parents of 1,620 mongol children was analyzed and
compared with that expected from national death rates in England
and Wales by Holland, Doll, and Carter. Their mortality from all
causes was somewhat lower than expected; 3 deaths occurred from
leukemia where 1.2 were expected and 57 deaths from other forms of
cancer where 64 were expected. In a national cooperative study of
leukemia in the U.S., Miller (1963) reported 5 cases of mongolism
among 1,000 sibs of leukemia children, as compared to an expectancy
of 1.4—a difference which was considered to be statistically signif-
icant. In contrast, Barber and Spiers did not observe such an excess
frequency in their study of the sibs of 1,795 leukemia cases in Eng-
land: 5.9 mongols were to be expected and 7 were actually observed.

Recently, Miller (1966) reviewed the relationship of malignancies
to cytogenetic abnormalities as a basis for a conceptual etiological
model. As part of this review, he summarized the case reports of the
familial aggregation of mongolism and leukemia. Table 6-7, from his
paper, summarizes the case reports for mongolism, as well as for
other chromosomal abnormalities.
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Table 6-7. Case Reports of Aggregation of Congenital Chromosomal Abnormalities and
Leukemia in Families

Investigator and Chromosomal
vear of report Type of leukemia abnormality
Sibships:
Baikie, Court-Brown, et al. Acute lymphocytic and XX/ XXY mosaicism
(1961) acute myelogenous
Buckton, Harnden, erf al. Acute lymphocytic Down's syndrome (15/21 trans-
(1961} location) in 3 sibs
Karhausen & Hutchison Acute lymphocytic Down's syndrome in 2 sibs
(1966)
Conen, Erkman, & Laski Acute stem cell Down's syndrome in 2 sibs
(1966)
Families:
Miller, Breg, et al. Chronic lymphocytic Son with XXXXY sex-chromo-
(1961) {in father) some complement; sister and
niece with Down's syndrome
(trisomy 21)
Heath & Moloney (1965) Leukemia (5 cases) Down's syndrome in 1 child

Source: Miller, R. W. 1966. “Relation between cancer and congenital defects in man." New
Eng.J. Med. 275; 87-93,

It is difficult to evaluate these case reports of familial aggregation
because it is impossible to determine the statistical significance of the
reports. The 2 controlled studies have conflicting results (Barber &
Spiers; Miller, 1966). However, even if one accepts Miller’s results,
it is clear that the degree of familial aggregation is small.

Mongolism and Thyroid Disease

For a long time there has been a great deal of interest and discus-
sion on a possible relationship between thyroid disease and mongolism
initiated by Benda and Bixby, who thought that mongolism was a
pituitary disorder which caused secondary hypothyroidism. This view
is not accepted today. Several investigators have performed a variety
of tests of thyroid function on mongols, including determinations of
protein-bound iodine, serum cholesterol, basal metabolism rates, and
thyroid uptake of I-131; these have all been found to be normal,
However, several investigators have reported an increase in the
erythrocyte uptake of I-131 labelled triiodothyronine (Hayles, Hin-
richs, & Tauxe; Saxema & Pryles). It isn’t clear whether this is ac-
tually a reflection of differences in thyroid function or a secondary
effect due to diminished serum albumin (Spinelli-Ressi & Bergonzi).

There have also been case reports in the literature on the frequency
of hypothyroidism and hyperthyroidism among mongols; about 20
cases of hyperthyroidism and about 5 cases of hypothyroidism have
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been reported (Hayles, Hinrichs, & Tauxe; Jagiello & Taylor; Kay &
Esselborn). It is completely impossible from these individual reports
to determine whether there is a relationship between either hyper-
thyroidism or hypothyroidism and mongolism. The general impres-
sion is that the concurrence of these clinical diseases is not sufficiently
frequent to warrant an inference of any relationship between them.

Thyroid Autoantibodies. Stimulated by finding an association
of other types of chromosomal abnormalities with the presence of
thyroid autoantibodies, in 1963 Mellon, Pay, and Green studied 35
cases of mongolism and found thyroid autoantibodies in 7, a contrast
to finding none among the 35 matched controls. Of additional interest
was their finding that 4 of the patients with antibodies had the more
unusual types of chromosomal abnormalities associated with mon-
golism, such as mosaicism and translocations. There are 3 possible
explanations for this association: (1) the chromosomal abnormality
produced the thyroid antibodies; (2) thyroid antibodies produced the
chromosomal abnormalities; or (3) both may be the result of the same
etiological factor. To discriminate between these hypotheses, par-
ticularly the first from both the second and third, family studies were
carried out by Fialkow, Uchida, Hecht, and Motulsky (Fialkow,
1966). Forty-four families with a mongol member were examined
and compared with control families. The mongol families came from
the Genetics Clinic of the University of Washington and from a pri-
vate school for the mentally retarded. The control families were de-
rived from outpatient clinics of the University of Washington Hos-
pital or the Children’s Orthopedic Hospital, which they were attend-
ing while a child was receiving well baby care, or because their child
had hemophilia, muscular dystrophy, or another genetic disorder.
Control families were matched with the mongol families for maternal
age. The parents were interviewed and had their thyroid glands pal-
pated. Nine (20 per cent) of 44 mothers of mongol patients had
thyroid abnormalities, in contrast to 3 (7 per cent) of 44 control
mothers. Two of 42 mongol fathers had clinical thyroid disease in
contrast to none of the fathers of the control families. These results
were of borderline statistical significance.

The study group was expanded in order to determine the presence
of thyroid autoantibodies. The results expressed in terms of the per
cent of mothers who had thyroid autoantibodies are presented in
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Table 6-8. Thyroid Autoantibodies in Winnipeg and Seattle Females

Mumber (and per cent) seropositive

Seattle Winnipeg
families families P
Group MNumber = 44  Number = 104 At value
Mothers of Down’s patients 11 31 0.38 0.6
(25 per cent) {30 per cent)
Control females 6 15 0.06 0.8
(13 per cent) (14 per cent)
Total 17 45 0.30 0.6

=

Source: Fialkow, P. J. 1966, *Autoimmunity and chromosomal abberations.”” Amer. J. Hum.
Genet. 18: 93-108.

Table 6-8. When the frequency of thyroid antibodies in these 2
groups was analyzed by maternal age, the mothers had a consistently
higher frequency for all ages, except for the oldest (Table 6-9). No
differences were observed between the fathers of the mongols and
controls. It is still not clear whether the maternal antibodies ante-
dated the birth of the child, for it is possible that the child with a
chromosomal abnormality might stimulate the production of anti-
bodies in the mother during pregnancy. Only a prospective study of
pregnant women could answer this question directly. Evidence for
this could be obtained by a study of the normal siblings of the mongol
children. Such studies are now in progress.

A later report by Fialkow (1967) on a larger series indicates that
the increase of these autoantibodies appears to be limited to mothers
who were under 35 years of age when the mongol was born. They
also appear to be more highly related to mongols of the non-trisomic
types—mosaics and translocations. Engel in a later report found no
particular relationship between antibodies and the chromosomal type
of mongol. Other investigators have confirmed these findings (Dal-
laire & Flynn, 1967b; Burgio, Severi, et al.; Saxema & Pryles).

Fialkow (1966), in considering possible interpretations of these re-
sults, feels strongly that maternal thyroid autoantibodies directly or
indirectly predispose to the child’s chromosomal abnormalities. He
points out that thyroxine may induce errors in chromosomal distribu-
tion in vitro. Another possibility is that a virus may lead to both
autoimmunity and chromosomal abnormalities. Since these are attrac-
tive hypotheses, they should be tested by field epidemiological studies.
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Table 69. Thyroid Autoantibodies in Mothers of Down's Syndrome Children Compared to
Control Females

Mothers of Down's patients Control t-‘ei_-n-:-alcs
Age range Positive Positive
(at time of Number Number —
testing) tested MNumber Percent ftested Number Percent A F value
20-32 L) 14 27 52 2 4 B.9 < 0.005
33-45 58 18 3 58 8 14 4.0 < 0,05
46-60 33 10 26 38 11 29 0.066 >=0.8
Total (20-60) 148 42 28 148 21 14 8.0 < 0.005
Total in
childbearing
age (20-45) 110 iz 29 110 10 9 13.0 < 0,001

Note: A subject was counted as positive if the TRC titer was at least 1:9 or the IF titer was at
least 1:10. X2 calculated using Yate's correction for continuity.

Source: Fialkow, P. 1. 1966. “Autoimmunity and chromosomal aberrations.” Amer. J. Hum.
Genet. 18:93-108,

Mongolism and Other Chromosomal Abnormalities

In the literature there have been 8 case reports of individuals who
have both Klinefelter's and Down’s syndromes (Benirschke, Brown-
hill, et al.; Ford, Jones, et al.; Harnden, Miller, & Penrose; Lanman.
Sklarin, et al.; Lehmann & Forssman; MacLean, Mitchell, et al.;
Wright, Day, et al.; Hustinx, Eberle, ef al.). This has prompted the
speculation that there may be a genetic predisposition to meiotic non-
disjunction that produces the concurrence of both mongolism and
Klinefelter’s syndrome in the same individual.

Individual case reports of this dual syndrome are difficult to eval-
uate since the concurrence of both of these diseases may increase the
chances of the patients receiving medical attention and subsequently
being reported. Estimates have been made of the probability of this
concurrence. Early estimates suggested that this concurrence would
only occur in one of 560,000 total births. However, the estimate did
not account for the fact that the frequency of each of these condi-
tions increases with increasing maternal age. When this is taken into
account, the estimated expected frequency of concurrence is one in
10,000 total births (Hamerton, Jagiello, & Kirman).

Clearly the best approach to clarify this question would be to sur-
vey a group of mongol children and determine the frequency of
Klinefelter’s syndrome. An approximation to this type of survey was
conducted by Mikkelsen and Freland, who carried out a sex chro-
matin survey of 1,162 mongol patients in Danish institutions. The
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frequency of sex chromatin abnormalities in this group did not differ
from that previously observed in normal newborn children.

From the latter it would appear that there is no unusual con-
cordance of these 2 conditions. However, it would be of interest to
have a few additional surveys similar to that conducted by Mikkelsen
and Froland to definitely rule out the possibility of concurrence.

Mongolism and Other Diseases

Over the past several years, reports have appeared on a series of
cases suggesting an association of Hirschsprung’s disease with mon-
golism. These have been recently summarized by Passarge (Table
6-10). Of 1,163 cases of Hirschsprung’s disease, 2.05 per cent, or
24 cases of mongolism have been observed. Whether this frequency is
greater than that expected by chance is difficult to determine. Further
study with more adequate controls is necessary for a more definitive
assessment.

There 1s no need to document the well-known association of mon-
golism with other types of congenital malformations. These are well
known and have been extensively reviewed most recently by Penrose
and Smith. The strongest association is with congenital heart disease
where 40-60 per cent of mongols in the various reports have been
found to have one or more forms of congenital heart disease.

Table 6-10. Frequency of Down’s Syndrome in Patients with Hirschsprung’s Disease

Patients with
Investigator Down's

and year of report syndrome Total
Althoff (1962) 1 68
Bodian & Carter (1963) 3\ 207
Madsen (1964) 1 157
Gordon, Torrington, et al. (1966) 1 56
Emanuel, Padorr, & Swenson (1965) 3 287
Hofmann & Rehbein (1966) 3 222
Graivier & Sieber (1966) 3 84
Hays & Norris (1956) | 19
Passarge (1967) (i 63

Total 24 (2.05 per cent) 1,163

Source: Passarge, E. 1967. “"The genetics of Hirschsprung's disease: Evidence for heterogeneous
etiology and a study of sixty-three families.” New Eng. J. Med. 276; 138-43.
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Selected Characteristics of Mongols
Including Mortality Experience

It is beyond the scope of a review on the epidemiology of mongolism
to consider in complete detail the characteristics of mongols, partic-
ularly since several excellent and detailed reviews of this subject have
been recently published, including both the clinical and biochemical
characteristics (Penrose & Smith; Stern). However, it is recognized
that certain characteristics can be pertinent to etiological hypotheses
or might lead to epidemiological studies. An integral part of the en-
tire spectrum of characteristics is the association of mongolism and
other diseases, reviewed in Chapter 6, which also includes a con-
sideration of physical or biochemical characteristics relevant to spe-
cific clinical diseases. This chapter will be concerned with blood
groups, a variety of biochemical studies, and mortality experience.

Blood Groups

There was an early interest in the blood group distribution of mon-
gols stimulated by the original hypothesis of Langdon-Down of a
genetic relationship between mongolism and Mongolian populations
(Penrose, 1932). Studies at the time indicated that the blood group
distributions of mongols were similar to those of control groups living
in the same countries.

As interest developed in the possible influence of blood group in-
compatibilities in fetal and neonatal mortality, investigators explored
the possible role of this factor in mongolism, with negative results
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(Lang-Brown, Lawler, & Penrose; Hackel). However, the cytogenetic
findings in turn stimulated interest in the study of blood groups and
in the different types of hemoglobins in an attempt to determine
whether the genetic loci of these blood groups are on the extra mongol
chromosome.

Biochemical Studies

A variety of biochemical studies on mongols have been performed
by many different investigators. Earlier these studies were etiologically
oriented and reflected the interest of the investigators in the possible
influence of hormonal abnormalities. Since the finding of the chromo-
somal abnormality, geneticists have been interested in determining
whether a genetic locus that controls enzyme formation or any other
biochemical parameter is located on the extra chromosome. Such
relationships, however, are not particularly relevant to epidemiological
studies. In view of the recent reviews on this subject and conforming
to the primary purpose of this book we considered it sufficient to
present the results of these biochemical studies in summary form
(Table 7-1).

A review of this summary quite clearly reveals a high degree of
variability in findings by the different observers. Although initially
this variability is quite puzzling, closer scrutiny of the reports pro-
vides some possible explanations: (1) there is variability in the
methods used by the different investigators; (2) in many instances, the
number of mongols tested is small and may not be sufficient to permit
detecting a substantial difference between mongols and controls, if in
fact a difference does exist; (3) some of the biochemical parameters
are influenced by age and, in many of the studies, age differences were
not accounted for in the comparisons of mongols with controls; (4) of
interest is the observation that in many of the reports a certain propor-
tion of the mongols differed from the normals; (5) some of these ob-
served differences are related to the type of mongolism—ifor example,
trisomic mongols have been reported to have higher levels of several
enzymes than translocation mongols; this may reflect a genetic over-
dose resulting from the additional chromosome (Rosner, Ong, et al.,
1965a); (6) most of the studies were performed on institutionalized
mongols. When institutionalized and noninstitutionalized mongols
have been studied, it has been observed that noninstitutionalized
mongols are similar to controls but the institutionalized group differs
from both. It is quite possible that institutionalization with its at-
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Table 7-1. Summary of Findings of Studies of Biochemical Characteristics of Mongols
Biochemical determination Findings
Serum calcium Normal (4-6,58) Low (1-3)
Serum inorganic phosphate MNormal (1,4-5) Slight increase (2)
Serum sodium, potassium, MNormal (1,5,7)
chloride, bicarbonate
Serum magnesium Elevated (8)
Serum proteins;
1) Total Normal
(1,9-10,53)
2) Albumin MNormal Decreased
(11,53,55) (1,9-10)
3) Gamma globulin Normal (11) Different struc- Increased
(in noninstitu-  ture (54,56) (1,9-11,52,55)
tional cases)
4) Alpha and beta MNormal (10,53)
globulins
5) Haptoglobins Normal (12)
6) Transferrins MNormal (12}
Blood sugar Mormal Decreased
(1,5,13,53) (14)
Glucose tolerance curves Abnormal
(4-5,14-16)
Insulin tolerance test Abnormal (14)
Cholesterol Normal Increased
(1,5,17,53) (17-18)
Phospholipids Increased (17)
Lipoproteins Mormal (21) Abnormal Increased
pattern (19) (18,20)
Amine acids:
1) Tryptophane metab-  Mormal (27) Abnormal
olism (22-26)
2) Serotonic activity in Lowered
blood (28)
3) Beta aminoisobutyric MNormal Increased
acid in urine (31,53,59 (29-30)
4) Taurine excretion Lower (59)
5) Serum amino acids MNormal (59)
Adreno-cortical hormones Normal Deficiency
(33-35,53) (5,32,57)
Enzymes:
1) Leukocyte alkaline Increased
phosphatase (36-39,58)
2) Serum phosphatase, Normal
and aromatic esterase (1-2,53)
3) Serum pseudocholin- Deecreased
esterase (3,40)
4) Galactose-1-phosphate- Increased
uridyl-transferase in (41-44,58)

leukocytes
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Table 7-1.

Continued
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Biochemical determination

Findings

Serum uric acid

Source:

5) Galactose-1-phosphate- Mormal (45)

uridyl-transferase in
red blood cells

6) G-6-P-dehydrogenase

T) Erythrocyte-galacto-
kinase

8) Ervthrocyte-phospho-
hexokinase

" Normal (1,58)

MNormal (43)

Increased {SEJH

——

Increased (44,58)
Elevated (45-46)

Increased (47)

Increased (48-51)

1. Sobel, Strazzula, er al. 21. Benda & Mann 4], Brandt

2. Stern & Lewis (1958) 22, O'Bricn & Groshek 42, Brandt, Frgland, er al.

3. Berg & Siern 23. Gershoff, Hegsted, & Trulson 43, Hsia, Inouye, et af.

4. Bixby (1939) 24. Jérome, Lejeune, & Turpin 44, Mellman, Oski, ef al.

5. Benda (1960) 25. Jérfme 45, Krone, Wolf, et al.

6. Maas 26. O'Brien, Zaring, & Jensen 46, Donnell, Ng, er al.

7. Bixby (1940) 27. McCoy & Chung 47. Baikie, Loder, e al.

B. Stern & Lewis (1959-80) 28. Rosner, Ong, ef al. (19655) 48. Fuller, Luce, & Menz

9, Donner 29, Lundin & Gustavson 49, Mertz, Fuller, & Concon
10. Stern & Lewis (1957a) 30, Wright & Fink 50. Chapman & Stern

11. Pritham, Appleton, & Fluck 31. Perry, Shaw, & Walker 51. Goodman, Lofland, & Thomas
12, Hutton & Smith 32, Sandrocei & Piccott 52. Yokoyama

13, Bixby & Benda 33. Dutton 53, Pozsonyl & Gibson

14, Runge 34. O'Sullivan, Reddy, & Farrell 54, Fluck

15. Broussecau & Brainerd 35. Rundle, Dutton, & Gibson 55. Skanse & Laurell

16. Lca.g 36, Alter, Lee, &f al, 56. Mplﬂlﬂﬁ- Haak, er al.

17. Stern & Lewis (19578) 37. Trubowitz, Kirman, & Masek 57. Reiss, Wakoh, et al,

18. Simon, Ludwig, er al. 38, King, Gillis, & Baikie 58. Rosner, Ong, ef al. (1965a)
19. Stern & Lewis (1959) 39, Lennox, White, & Campbell 59. King, lf‘mudmun, & Thomas
20. MNelson 40. Stern & Lewis (1962)

tendant dietary changes and environment may affect the endocrine
system which in turn may affect various biochemical measurements.
This may be a major reason for many of the reported differences; this
possible bias needs further investigation.

Australia Antigen. Recently Blumberg, Gerstley, Hungerford,
London, and Sutnick reported finding a new isoantigen in the sera of
mongol patients; because it was found in an Australian aborigine it
has been given the name “Australia Antigen.” The frequency of this
antigen in different groups as reported by the authors is presented in
Table 7-2. This finding is of particular interest because it has also
been found in patients with hepatitis and leukemia. The antigen may
thus reflect some underlying common denominator in these diseases,
perhaps a viral infection, since some of these diseases have been shown
to have a relationship with each other. It is hoped that the additional
research on this antigen now in progress will shed some further
light on this matter.

Variability of Mongols

In reviewing the literature on the characteristics of mongols, one is
struck by the large degree of variability among mongols. Levinson,



CHARACTERISTICS INCLUDING MORTALITY EXPERIENCE 103

Table 7-2. Distribution of Australia Antigen in Patients and U.S. Normals

———

Positive
Mumber -

Disease tested Mumber Per cent
A-beta-lipoproteinemia [ 1] 0.0
Amyotrophic lateral sclerosis 15 0 0.0
Anemia, various 26 0 0.0
Arthritis 70 0 0.0
Cancer, other than leukemias a5 0 0.0
Diabetes 303 0 0.0
Down's syndrome (mongolism) 84 25 29.8
Fanconi's anemia (hypoplasia bone marrow) 2 1 —
Hemophilia (1] 3 5.0
Hepatitis, virus 48 5 10,4
Hodgkin's dizease 12 1 8.3
Hypercholesterolemia 17 0 0.0
Leukemia and related diseases 177 16 9.0
Lupus erythematosus 69 0 0.0
Multiple myeloma and macroglobulinemia 95 1 1.1
Myasthenia gravis 11 0 0.0
Polycythemia vera g2 0 0.0
Rheumatic fever 124 0 0.0
Tangier disease 3 0 0.0
Thalassemia 84 2 2.4
UU.S. normal population 1,524 0 0.0

White 917
Negro 607
Total 2,907 54

Source: Blumberg, B. S., Gerstley, B. J. S., Hungerford, D. A., London, W. T., & Sutnick, A. L.
1967. “A serum antigen (Australia Antigen) in Down's syndrome, leukemia and hepatitis.”
Ann. Ine. Med. 66: 924-31.

Friedman, and Stamps in 1955 stated, “most physicians seem to be-
lieve that mongolism not only has a constant clinical picture with
definite physical and developmental characteristics but that there can
be no question of degree of mongolism or transitional forms between
classical mongolism and the normal state. . . . The data presented in
this paper . . . shows that there is a wide range of variability in every
single physical and developmental characteristic of mongoloids as well
as in the sum total of such characteristics in each individual case.”
More recently, Goodman, Lofland, and Thomas have stated:

the theoretical considerations included provide a basis for a genetic
interpretation of a fact long known from the study of mongoloids,
namely, that no stigma or sign is common to all mongoloids and few
mongoloids have all of the stigmata associated with mongolism. The con-
cept that any parameter of biochemical significance in a given disease
will be common to all individuals with the disease has been most useful
in diseases due to single etiologic agents such as cystic fibrosis or tuber-
culosis. However, this concept has tended to impede progress in diseases
of complex etiology. Many current papers refer to “the mongoloid”
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child when in most cases, the abnormality is found in only a fraction of
the mongoloid children studied.

One can, as Goodman, Lofland, and Thomas do, relate the ob-
served variability to the differences in the genetic content of the extra
chromosome. However, it is also possible that the variability reflects
differential effects of different etiological agents on the genetic consti-
tution. From an epidemiological viewpoint, it would be extremely
valuable to determine the relationship of more homogeneous sub-
groups of mongols to factors of epidemiological interest, such as
maternal age. This will be discussed further in Chapter 8.

Mortality Experience

Several studies on the mortality experience of mongols have been
reported. Data from these reports have been collated and summarized
in the form of a life table showing the per cent of mongols who have
survived to a given age (Table 7-3). The life table data in general
confirm the clinical impression that there has been an improvement in
the mortality experience of mongols as a result of the use of anti-
biotics in the treatment of respiratory infections in infancy and child-
hood. At the present time, it appears that about 25-30 per cent of
mongols die during the first year of life and about 50 per cent during
the first 5 years.

The most recent study of mortality experience was reported by
Forssman and Akesson (1965) for 1,263 patients enrolled in Swedish
institutions for the mentally retarded. The mortality experience for
mongols of all ages was 6 per cent higher than that of the general
population. No differences were noted between the sexes, a difference

Table 7-3. Summary of Studies of Survivorship Experience of Mongols by Number of Years
after Birth

Investigator and year of report, vears of study, and number of cases

Record & Collmann &
MNumber Carter (1958) Smith (1955) Lunn (1959) Stoller (19636) Turner (1963)
of yvears 194455 1942-52 1953-58 1048-57 1945-59
after birth 698 252 116 T29 g,002
Per cent survivors
1 46.9 45,6 72.3 68.9 55.0
2 43.3 43.3 6.5 57.9 —
i 42.1 41.7 — 54.0 —
4 40.5 41.3 —_— 51.4 -
5 39.6 40.3 —_ 49 .4 45.9
10 36.8 —_ — 46.2 39.7




CHARACTERISTICS INCLUDING MORTALITY EXPERIENCE 105

Table 7-4. Mortality in 1,236 Patients with Down's Syndrome, by Age

Age MNumber of Number of
Eroups pPersons deaths R P R/P

1-4 69 11 495 554 0.89

59 235 1% 1,803 1,880 0.96
10-14 323 16 2,552 2,624 0.97
15-19 174 13 1,279 1,339 0.96
20-24 99 10 T43 801 0.93
25-29 98 8 752 792 0.95
30-39 163 16 1,240 1,313 0.94
40-49 69 16 460 538 0.86
50~ 33 18 166 236 0.70
Total 1,263 126 9,490 10,077 0.94

Noie: B = NWumber of years persons studied survived during period of observation, P =
Number of years equal number of persons same age in normal population could be expected to
survive during same period.

Source: Forssman, H. & Akesson, H. Q. 1965, “Mortality in patients with Down’s syndrome.”
J. Ment. Defic. Res. 9:146-49,

reported earlier by Penrose (1949), Record and Smith, and Collmann
and Stoller (1963b). These results for the different ages are presented
in Table 7-4. In view of the relatively small numbers in some age
groups, some of the variability may represent sampling fluctuation.

Causes of death were reported by Record and Smith, Carter, and
Oster, Mikkelsen, and Nielsen. The distribution of these causes as
compared to those expected on the basis of general mortality expe-
rience was reported by Oster, Mikkelsen, and Nielsen for 524 mongols
who died during the 10-year period, 1949-59 (Table 7-5). The most
frequent causes of death were respiratory and other infectious dis-
eases, followed by congenital heart disease, a finding consistent with
observations by other investigators.

Table 7-5. Observed and Expected Number of Deaths among Mongols by Cause of Death

Number of deaths Observed
Cause of death Observed Expected Expected

Infectious diseases, excluding tuberculosis 5 0.097 52
Tuberculosis - 0.128 —
Malignant conditions 4 1.180 3
Accidents, poisoning, and violence 2 1.136 2
Suicide _— 0.685 -
Respiratory disease 37 0.29% 124
Cardiac disease 13 1.213 11
Senile disease and apoplexy 3 0.363 8
Other causes 9 2. 640 3

Note: Malignant conditions include 2 cases of leukemia.

Source: @ster, 1., Mikkelsen, M., & Nielsen, A. 1964. “The mortality and causes of death in
patients with Down’s syndrome (mongolism),"” in: Proc. International Copenhagen Congress on
the Scientific Stwdy of Mental Retardation, vol. 1, pp. 231-35.






Etiological Hypotheses and Suggested
Epidemiological Research

In the course of presenting each of the different epidemiological as-
pects of mongolism, consideration has been given to the etiological
inferences that can be derived from the data under discussion, and
throughout the review, specific needs for additional epidemiological
research have also been indicated. It seems desirable, therefore, at
this point to consolidate the different etiological hypotheses and dis-
cuss them in a unified manner. It also seems appropriate to include
a broad description of additional epidemiological studies which would
fill some of the gaps in our knowledge on mongolism or which would
provide some leads for tests of various etiological hypotheses.

Etiological Hypotheses

The most complete formulation of a set of etiological hypotheses
for mongolism has been developed and presented in a series of papers
by Penrose and summarized in Penrose and Smith’s “Down’s Anom-
aly.” A brief review of his formulation will provide a useful frame-
work for the present discussion. Penrose groups the causes according
to their dependence on maternal age as follows:

(1) Independent of mother’s age
a. Secondary nondisjunction
b. Translocation or other anomaly of the critical chromo-
some in a parent
c. Genes which tend to produce nondisjunction
d. Environmental influences

107
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(2) Dependent on mother’s age
a. Oocyte deterioration
b. Risks for very young mothers

Each of the subcategories will be discussed briefly.

(1) a. Secondary nondisjunction. This occurs when trisomy is
present in the mother. As is clear from the data presented in Chapter
5, this is a rare occurrence. However, secondary nondisjunction also
occurs if the mother is a mosaic mongol and the gonads (ovary and
testes) contain the trisomic cells. Penrose indicates that only a few
such cases have been reported. Nevertheless, he estimates that the
frequency of mongolism caused by trisomic mothers is about 10 per
cent and by trisomic fathers, 1 per cent; these are based on the fre-
quency of dermatoglyphic microsymptoms among parents of mongols.
One must, however, view this estimate with caution for the acceptance
of dermatoglyphic patterns as indicating microsymptoms of mon-
golism is not universal,; it is, at best, an indirect measure of mosaicism.
There is a real need to determine the frequency of mosaic gonads
among parents of mongols as an estimate of the contribution of such
mosaicism to the frequency of mongolism. Some possible techniques
for this purpose have recently been reported (Jagiello, Karnicki, &
Ryan).

b. Inherited translocation or other anomaly of the critical chrom-
osome. Inherited translocation is discussed in Chapter 5. There
are several additional abnormalities that occur during meiosis; they
result from inversions in chromosomes or from other abnormalities in
chromosome morphology. The tendency of satellited chromosomes to
associate has been suggested as an explanation for the increase in the
frequency of aberrations involving those chromosomes.

c. Genes tending to produce nondisjunction. It has been hypoth-
esized from analogies in drosophila that genes can produce nondis-
junction. Penrose estimated that at most about 5 to 10 per cent of
mongols can be attributed to this mechanism. However, the review
of the data on consanguinity and familial aggregation presented in
Chapter 5 does not provide any definitive evidence for genetic in-
fluences on nondisjunction.

d. Environmental influences. Many environmental influences have
been hypothesized as causing nondisjunction. Maternal illness, radia-
tion exposure, viruses, endocrine factors, and others, all of which have
been studied, and discussed in selected sections of this review. It is
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clear that even though evidence is now available on the influence of
many of these factors, confirmation by additional studies is in order.

(2) a. Oocyte deterioration. Penrose has postulated that the
increasing incidence of mongolism with increasing maternal age is a
result of progressive deterioration of the oocyte by accidental occur-
rences, reflecting the natural aging of the nucleus of the ovum. A dis-
cussion of this hypothesis is presented in Chapter 2.

b. Risks for very young mothers. There is apparently a sugges-
tion of a slight increase in the risk for mongolism among very young
mothers (15 to 29 years of age); this may actually reflect the possible
increased risk among first-born reported by some investigators. The
latter relationship has been reviewed in Chapter 2, and it is doubtful
that there is an excess risk among young mothers.

Penrose has estimated the proportion of mongols that can be at-
tributed to each of these etiological categories, noting that they are
very rough estimates (Table 8-1).

Although Penrose’s classification of possible causes is generally use-
ful, it is not clear what purpose is served by the initial classification of
causes according to maternal age dependency status. In fact, Pen-
rose’s estimates of the proportion of mongols in each category is in-
fluenced by his estimate of the proportions assigned to maternal age
categories. As has already been pointed out (Chapter 2), this propor-

Table 8-1. Partition of Causes of Down's Syndrome

Possible
proportion
in an un-
selected
Relationship with group
maternal age Cause (per cent)

Class A
Independent of mother’s age (1) Inevitable nondisjunction (parent partly or 10
wholly trisomic).
(2) Abnormality in chromosome pairing (inherited 10
translocation, inversion or other anomaly of the
critical G-chromosome),

{3) Abnormal meiosis or mitosis (specific genes 10
which cause nondisjunction).
{4) Environmental disturbance of cell division (in- 10
fection, poison, radiation).
Class B

Dependent upon mother’s age  Nondisjunction during oogenesis (deterioration of &0
meiotic cell-division mechanism),

Source: Penrose, L. S5. & Srﬁith, . F. 19;56. ﬂc—mu‘s‘ Anomaly (Boston : Little, Brown, and Com-
pany).
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tion is influenced to some extent by the maternal age distribution of
live births.

It would be more useful to classify the mongols according to type:
trisomy, translocation, and mosaic. For each type, one can then eval-
uate specific genetic and environmental influences, since one would
expect that the individual types may well have different causes. For
example, in the case of translocation, studies have indicated that 25
per cent are inherited from a carrier (Chapter 5). Operationally, any
effort to elucidate other genetic or environmental causes of transloca-
tions must be limited to the so-called sporadic types. In fact, one can
recommend a general principle that any search for etiological factors
should focus on the specific chromosomal types of mongolism.

If the etiological factors are considered in terms of the specific
types of mongolism, the maternal age relationship then becomes one
of the epidemiological facts that must be explained by one or more
etiological theories. The distinction between this mode of thinking
and Penrose’s is a subtle one, but, operationally it appears as a more
reasonable approach for further research.

The etiological hypotheses that have been presented by several in-
vestigators are based on the following etiological model A4, assuming
there are multiple etiological factors:

ETIOLOGICAL MODEL A

Non-disjunction ——= Trisomy-Mongolism

m oo P

Causes

One of the problems generally encountered in the study of diseases
involving multiple etiological factors is the difficulty in obtaining a
strong relationship with any one particular factor. Thus, it is quite
possible that radiation exposure of the mother may be of etiological
significance, but the results of studies will continue to be unimpressive
since it may well be only one among many possible factors. It would
be helpful in this situation if the disease could be classified according
to another set of parameters.
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In searching for another dimension, we have been impressed by
several reports suggesting that mongolism is perhaps not as homo-
geneous a clinical entity as is usually assumed. We note for instance
that not all, but about 35 per cent of mongols, have different types of
congenital heart disease, and less frequently they have other con-
genital malformations. In addition, many variations in their physical
signs have been noted (Levinson, Friedman, & Stamps).

Perhaps this variability reflects the influence of different etiological
agents. Thus, it is conceivable that agent 4 produces trisomy and
another genetic change which results in mongolism with congenital
heart disease, while agent B produces trisomy and still another type of
malformation associated with mongolism. This can be figuratively
shown in the following model B. Of course, combinations of causes
and mechanisms must also be considered as a possibility. Rohde has
also pointed out this heterogeneity in mongolism, as well as in the
other trisomic syndromes, but has explained it on a strictly genetic
basis.

ETIOLOGICAL MODEL B

Trisomy = Mongolism
A——/’____..-"

Hﬂ*"‘ﬂther Genetic Effect == Congenital Heart Diseose

B-"'"--rTriSDmF = Mongolism
\\"'-Dther Genetic Effect ———= Other Type of Malformation

With model B in mind in searching for etiological agents, it would
appear extremely profitable to think in terms of homogeneous groups
of mongols. Unfortunately, this requires large scale studies simul-
taneously conducted in several cities in order to obtain the necessary
number of cases in the different homogeneous subgroups.

Suggested Epidemiological Research

At appropriate points in this review, specific research needs have
been briefly indicated. They usually recommended further study of
specific relationships. It did not appear necessary to collate and sum-
marize these suggestions; rather, we thought it would be more profit-
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able to suggest several large-scale research projects that, from an
epidemiological viewpoint, deserve a high priority.

Since geographical and ethnic differences in incidence may provide
clues to etiology, it would be beneficial to select as areas of study,
several large cities in the United States, India, Africa, Yugoslavia,
and Israel, countries where there is suggestive evidence of wide dif-
ferences in incidence rates. In each city, for a number of years, all
newborns should be clinically evaluated for mongolism and have their
chromosomes examined, using uniform criteria. Samples of normal
newborns should also have chromosomal analyses. It would also be
profitable to include chromosomal studies of all or, of a sample, of
abortions in these cities. A collaborative study would provide esti-
mates of incidence rates of clinical mongolism and of trisomy concep-
tion. The comparisons of such incidence rates in these areas would be
very revealing.

It would be desirable to test practically all of the known or postu-
lated associations with mongolism, and at the same time to determine
if there are any interactions between these factors, i.e., is each one
independently associated with mongolism or is there an association
with only a few? To conduct such a study, several large cities would
have to be selected and an ascertainment of all mongols carried out;
control groups would also have to be selected and included in the
study. The mongols should be clinically examined and their chro-
mosomes studied.

The characteristics of the parents of the mongols would be de-
termined by an intérview and clinical and laboratory examination.
Information obtained from the mother should include history of radia-
tion exposure, reproductive performance, history of various diseases,
determination of thyroid antibody titers, the usual demographic data
on ethnic background, lifetime residential, marital, and menstrual
histories, etc. Similar types of information should be obtained from
the father. The study should be as all-encompassing as possible in an
attempt to confirm suggested existing relationships and to elucidate
new ones. Several types of interesting and no doubt profitable com-
parisons could be made. For example, a comparison of the charac-
teristics of trisomic mongols born to older mothers with those born to
younger mothers, as well as of the characteristics of their parents,
might provide clues clarifying the maternal age effect in mongolism.
One would also be able to compare the various characteristics of
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homogeneous subgroups of mongols. For example, do mongols with
congenital heart disease show a greater degree of association with
maternal age at birth than those without congenital heart disease?
Many interesting questions with direct relevance to etiological hypoth-
eses can be raised and answered by such a study. However, it should
be realized that this type of study would require a collaborative effort
in several very large cities to insure a sufficient number of mongols in
each subgroup.

In addition to these rather large-scale studies, one should not over-
look the potentially profitable smaller studies which are concerned
with a specific, limited issue. For example, it would be interesting to
determine if meiotic nondisjunction in the ovary increases in fre-
quency with age. This can now be studied, using the techniques de-
veloped by Jagiello, Karnicki, and Ryan. It would also be of interest
to compare the distribution of maternal age at birth of mongols with
heart disease and mongols with leukemia, as well as with those having
other types of malformations. The characteristics of the parents of a
group of sporadic translocations should be studied and compared with
an adequate control group; this could include histories of radiation
and drug exposure, occupational history, etc.

It is strikingly evident from this review of the epidemiology of
mongolism that the present is a propitious time for embarking upon a
major research program of broad scope in an effort to determine the
etiological factors in mongolism that will provide a basis for develop-
ing preventive programs.
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