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Analysis of the data of 2.762 infants with unidentified” (i.e., no
identified as dysmorphologieal entities) multiple congenital abnormalities
from the Hungarian Congonital Malformation Registry, 1970— 1976 showed
that the majority of congenital abnormalities in newborns with multiple
congenital abnormalities was not due to random combinations. The ratio of
expected random combination and obseved causal effect was 1: 6, 1: 225-
1: 14000 and 1: 2.10ein two, three, four, and five or more congenital ab-
normalities, respectively. Our multidimensional threshold model supposes
specified liabilities for each congenital abnormality, and the correlation
structure of these liabilities explains nearly all associations of congenital
abnormalities in unidentified multiple congenital abnormalities. According
to this hypothesis, the expected and the observed occurrences do not differ
significantly either in the sum or in the various possible threefold associations
of congenital abnormalities. The biological reasons for the phenomenon are

being studied.

A concurrence of two or more dif-
ferent (i.e. different localized errors
in  morphogenesis) major congenital
abnormalities (CAs) in the same per-
son is designated as a multiple congen-
ital abnormality (MCA) [7]. About
half of MCAs are recognizable CA-
syndromes of monofactorial origin
(large effect of mutant major genes,
chromosome aberrations, teratogens,
or maternal factors) and CA-associa-
tions (e.g., VACTERL) of unknown
aetiology [10]. The other half of
MCAs have, however, not been identi-
fied as dysmorphologieal entities. We
refer to these as “unidentified” MCAs.

The purpose of our biostatistical
study was to analyse the possible
cause(s) of combinations of compo-

2

nent CAs in unidentified MCAs.
There are three hypotheses;

(i) Independence of CAs. Compo-
nent CAs in unidentified MCAs are
random combinations.

(ii) Monofactorial origin. As knowl-
edge advances, the majority of un-
identified MCAs may be recognized or
delineated as CA-syndromes and the
minority as random combinations.

(in) A multidimensional threshold
model. Specified liabilities are re-
sponsible for eachCA, and the correla-
tion of these liabilities explains the
interrelationships of CAb in unidenti-
fied MCAs, i.e. the so-called CA-as-
sociations. According to this a priori
hypothesis, no more CA-syndromes
are to be found in unidentified MCAs,
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Table |

Number of infants affected by a given number of congenital abnormalities (CAs),

CA category

X --AN
EN
SP
CE
CP
LR
PY
SY
EX
OA
AA

Y-~MC
HY
AM
CT
EY
CF
HS
EG

HD
DI
RA
CK
Al

X - ON
FN
EA
TC
BR
CD
oL
RS
PS
oD

uT
ou

IH
MS

EO
ST

by category and group

CA Group

Anencephaly
Encephalocele

Spina bifida cystica
Cleftlip £ cleft palate
Cleft palate

Limb reduction
Polydactyly
Syndactyly
Exomphalos-omphalocele
Oesophageal atresia
Anal atresia

Microcephaly
Hydrocephaly
An-microphthalmia
Cataract

Other CAsof eye
Clubfoot

Hypospadias

CAs of external genitalia

Heart defect
Diaphragmatic defect
Renal agenesis

Cystic kidney
Intestinal atresia

Other CAs of nervous system

CA of face, nose, and skull

CA ofear

Torticollis

Branchial cleft

Cong, dislocation ofhip

Other limbs

Respiratory system

Pyloric stenosis

Other CAs ofdigestive
system

Undescended testis

Other CAs ofurogenital
system

Inguinal hernia

CAs of musculoskeletal
system

CAs ofendocrine organs

Skin, tumours, other CAs

Total
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266
1.193
1.001
362
388
680
291
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199
210
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750
33

47
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1.468

43
4.255
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2.573
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582
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38
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1
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211

1
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19
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and the covariance structure of the
individual CAs is due to genetic and
environmental factors.

Matebials and Methods

The Hungarian Congenital Malformation
Registry, 1970— 70, shows that 38,023 of
the 1 188,529 babies born in that period
had CAs [5]. Of these 4 959 (13%) had
MCAs. The complex CAs (e.g., tetralogy of
Fallot) and CAs with secondary or tertiary
anomalies, i.e., sequences [2] were not
considered to represent MCAs. The 444
babies who had minor anomalies with one
major CA were considered to have one CA.
The 5420 babies with only minor anoma-
lies were excluded from the CA groups
studied here. A total of 1573 (31.7%) of
the babies with reported MCAs had re-
cognizable dysmorphic or dysmetabolic
syndromes, and in another 180 (3.0%) the
CAs in the MCAs were unspecified; these
1 753 children were excluded from analysis.
Thus, 0425 CAs of 2 7G2 patients with
unidentified MCAs were evaluated from
1186 776 births. In Hungary, autopsy is
obligatory in cases of infant death. Suitable
postmortem records were accessible in

about half of stillborns. Three categories
(X, ¥, Z) and 40 groups of major compo-
nent CAs (marked by two capital letters)
in those categories were distinguished in
the unidentified MCAs (Table I). The cat-
egories and groups have been defined else-
where [9].

The number of MCAs with a given num-
ber ofcomponent CAs are listed in Table I1.
Here the diagonal gives the number of
children with the corresponding number of
CAs, 1—7. The number below the diagonal
reflects the observed combinations of
CAs, e.g., the number 732 in line 4 and
column 2 means the number of CA pairs
among the 122 children with four CAs in-
volving six possible CA pairs (732 =
= 122x6). The sums of the individual
columns give the total number of CAs,
CA pairs etc.

The number of theoretically possible
CA pairs is 780. Of these, 358 occurred in
the 2 128 children with two CAs, and 204
occurred in the 634 children with three or
more CAs. The other 218 theoretically pos-
sible CA pairs did not occur. Some of them
are only formally possible, because certain
CAs are mutually exclusive (e.g., AN and
EN, AN and SP, CL and CP, and LR and
SY). Among the 448 children with three

Table Il

Distribution of number of CAs in infants with unidentified MCAs

Size of subgroups

| 2
Number of CAs
1 28.088
2 4.266 2.128
3 1.344 1.344
4 488 732
6 260 600
0 66 166
7 21 63
Total 34.613 4.932
Number of different
groups (“total” cases) 40 562

2.

Number of CAs Number of
3 4 5 6 7 g((‘O oun’f;**
(Mises)
2.762 MCAs 40
358
448 340
488 122 119
600 250 60 50
220 166 66 11 1
106 105 63 21 3 3
30.860
1.761 642 179 32 3 921
1.141 612 178 32 3 2.668
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CAs, 340 of the theoretically possible
9 880 combinations were found. Among
the 122 children with four CAs, only 119 of
the theoretically possible 91 390 combina-
tions occurred. All of the 64 children with
five or more CAs had different combina-
tions. The corresponding numbers of
children with at least 1— 7 CAs are given
in the last column of Table 11.

Obviously there is an ascertainment
bias in our material with two opposite
consequences. On the one hand, if index
patients are affected with two or three
CAs and one CA is reported, it is more
likely that one or two other CAs present
will also be reported. On the other hand,
if too many CAs occur, physicians aro
prone to report only some, probably more
important, CAs. Additionally, delineation
and recognition of MCA entities are the
task of clinicians who see and examine the
patient. MCAs, however,involveanextreme-
ly high number of different CA-com-
binations and the diagnosis of rare dys-
morphological entities is difficult. In order
to improve the standard of dysmorphology
it isworth-wile trying to use the materials
of CA-rogistries and surveillances for this
purpose, too.

Results and Discussion
Preclusion of independent CAs

The first hypothesis, that CAs in
unidentified MCAs are random combi-
nations, was rejected in a small sample
(232 MCAs) on the basis that two or
more CAs were found in the same
person more often than they would
occur by chance [17]. As a first step,
we considered a further study of this
hypothesis to be interesting by check-
ing the observation in a large popula-
tion and characterizing the measure
of deviation from random combina-
tions.
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If CAs were independent, the ex-
pected number of newborns with two
CAs would be 304. (The number of
newborns having 40 CAs was taken
into account in this estimation.) The
observed number, 2 128 (Table II)
differed from the expected number,
indicating that the CAs are not inde-
pendent. The rate of independence,
however, depends on the number of
CAs in the MCAs. The ratio of ex-
pected random combinations to ob-
served causal effect was 1:6, 1:225,
1:14,000, and 1:2.10e in two (CA
pairs), three (CA triplets), and four
and five or more CAs, respectively.

Furthermore, if the CAs were in-
dependent, their distribution would
be Poissonian. According to the log-
arithm, of the diagonal of Table II,
this was not the case (Fig. 1). A mix-
ture of two Poissonian distributions,
i.e., a small number of expected iso-
lated CAs (one developmental anomaly
only) and a high number of expected
CA syndromes could, however, be
taken into consideration.

Data on the 40 CAs are summa-
rized in Table I. Column 1 shows the
number of infants with isolated CAs,
thus the prevalence rates can be cal-
culated. The columns numbered 2—7
show the number of children with the
CA listed and with 1—6 other CAs.
The relative frequencies (percent-
ages) of CAsin the children with agiven
number of CAs are shown in Table I11.
(The number of CA pairs and triplets
was published earlier [9].) The col-
umn “Mean” shows the weighted
average of columns 1 7. The column
“Rise” of CAs in the children dem-
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onstrates how the relative fre-
guencies change with the increasing
number of CAs. The column "
shows the differences between the
estimated relative frequencies of the
mean and of the rise values. For AA
and EA, the rise war significantly
positive, whereas for CD it was sig-
nificantly negative.

Table 111 also shows the homoge-
neity of the unidentified MCAs de-
rived from Table I. In column | (Table
I11), the first number, 3.50 means,
that 3.50% of the 28 088 babies with
one CA had AN; the actual number
was 984. As Table 111 indicates, there
were no significant differences be-
tween the relative frequencies of CAs
in newborns with different numbers
of CAs except in the above-mentioned
cases of AA, EA, and CD. One would
expect large differences in the MCAs
consisting of CA syndromes. The
statistical tests used here and else-
where did not reflect an exact y2
distribution; however, the develop-
ment of an exact test was beyond our
capacities.

We could not test the second
hypothesis, because it requires a per-
sonal examination by syndromologists.
Thus, we shall now discuss the third
hypothesis.

A multidimensional threshold model

Let L = (Lj,...,L,) be an n-di-
mensional random variable and T —
— (Tj, ..., Tn) a given n-dimensional
vector. Let us denote by Ak the Hh
CA, and let ¢ be an MCA. According
to our hypothesis,

iLE~ T/ if and onlY if {Ak € G},

i.e., the coordinates of L exceeding
the corresponding coordinates of T
indicated the presence of the corre-
sponding CAs. In our study we as-
sumed that the random variable L
was a multidimensional Gaussian vari-
able and the Le/(’s had an expected
value of 0 and a variance of 1 There-
fore, the distribution of L was deter-
mined by the correlations

= E(L,.L;), I<ij<;n

Acta Paediatrica Hungariai 27, 19H6
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Relative frequency (per cent) of CAsin newborns with a given number of CAs

194
Table II11
CA Number of CAs

group 1 2 3 4 5
AN 3.50 251 2.08 0.41 0.80
EN 0.95 1.08 1.56 0.20 1.20
SP 4.25 291 2.60 2.46 0.80
CL 3.88 4.04 6.40 4.10 5.20
CP 1.29 1.55 2.08 3.09 5.20
LR 1.38 1.48 2.83 1.64 3.60
PY 2.42 221 3.87 5.12 3.60
SY 1.04 1.53 2.23 1.23 2.00
EX 0.79 1.76 2.60 2.15 2.00
OA 0.71 117 1.56 1.84 2.80
AA 0.75 1.69 2.98 3.28 5.20
MC 0.52 1.46 2.23 3.87 2.80
HY 2.07 3.08 3.72 5.53 4.40
AM 0.12 0.59 1.04 1.84 1.60
CT 0.17 0.45 0.30 0.61 0.80
EY 0.52 0.54 0.52 1.64 1.20
CF 6.90 10.22 7.51 5.74 6.40
HS 5.23 3.83 2.90 1.84 1.60
EG 0.15 0.54 1.19 2.85 2.80
HD 15.15 13.07 13.62 13.73 0.40
DI 0.82 157 2.08 2.25 2.00
RA 0.21 0.69 1.64 1.64 0.80
CK 0.35 1.03 2.23 1.84 2.80
Al 0.69 1.66 0.30 0.41 0.40
ON 0.30 0.02 0.22 0.41 0.00
PN 0.24 0.80 2.23 3.28 4.40
EA 0.80 1.06 2.60 5.53 6.80
TC 0.52 4.96 2.60 1.02 0.80
BR 0.22 0.02 0.07 0.20 0.00
CD 25.05 14.99 5.06 2.46 2.40
oL 0.32 0.63 0.60 0.81 0.40
RS 0.64 1.15 141 2.25 0.00
PS 1.41 0.52 0.30 0.80 0.00
oD 1.29 1.29 1.71 1.84 0.80
uT 2.45 3.43 3.13 3.69 4.80
ou 1.39 2.11 3.50 3.48 2.40
LU 9.16 5.80 2.75 1.84 1.20
MS 0.47 1.55 2.46 2.46 4.40
EO 0.51 0.73 0.74 1.23 0.80
ST 0.73 0.45 0.45 1.02 0.40

These n(n-1)/2 unknown variables
were estimated from the equations

NP (L.> T.L > 1y) =0 T(i,j),

where Or(i,j) is the total number of
newborns affected by both A, and Ay
(and perhaps by other CAs, too) in
the N births. The probabilities P =
= P(L, > T,Ly T;) myore calcu-
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6 7 Mean Rise R
152 0.00 336  —0.79 0.57
152  0.00 1.01 0.16 0.06
0.00  0.00 4.07 —0.91 0.68
455  4.76 4.07 0.55 0.76
455 476 1.60 0.75 2.00
3.03 000 155 0.46 0.62
6.06 4.76 2.59 0.60 1.02
0.00 476 1.23 0.41 0.44
152  0.00 1.24 0.60 0.96
455  0.00 0.98 0.52 0.91
1061  14.29 176 1.44 7.95
0.00  0.00 115 0.77 1.47
6.06 4.76 2.89 0.63 1.05
0.00  0.00 0.66 0.47 0.42
0.00  0.00 0.28 0.15 0.06
0.00  0.00 0.58 0.22 0.14
6.06 14.29 7.53 0.80 1.60
152 476 5.01 —1.09 158
455  9.52 1.07 0.91 2.48
758 1429  14.88 —0.92 1.20
152 476 115 0.50 0.74
3.03  0.00 0.79 0.52 0.60
152 476 0.99 0.66 1.23
152  0.00 0.68 —0.02 0.00
0.00  0.00 0.30 —0.00 0.00
455 476 141 0.98 2.19
152 0.00 1.68 1.35 5.94
0.00  0.00 3.06 1.64 2.15
0.00  0.00 0.21 —0.04 0.00
0.00 476 2399 —9.18 4071
152  0.00 0.42 0.16 0.07
3.03  0.00 0.88 0.48 0.55
152  0.00 135 —0.43 0.18
152 0.00 132 0.11 0.03
455  0.00 2.71 0.55 0.70
758  0.00 1.82 0.84 2.21
0.00  0.00 8.76 —3.03 0.00
152  0.00 1.27 0.86 1.98
0.00  0.00 0.58 0.17 0.07
152 0.00 071 —0.00 0.00
lated from the following expansion

described by Pearson [1]:

Py =

v=0

where Q(t) = 4J(2|/|)—1 exp (-u22) du

and Q@) denotes the vth derivative
of Q [20]. The q@ terras ;re listed in
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Table 1V with the respective averages
for the individual CAs. The variables
T, were estimated from the equation

N P (L™ 1K = 0T(K),

where 07(k) is the total number of
newborns affected by ak (and per-
haps by other CAs, too) in the N
births.

Table 1V shows a negative correla-
tion in a few cases, e.g., between AN
and EN, AN and SP, AN and CP,
and CL and CP. The majority of these
negative correlations are caused by
the definition of the CAs. For example
if AN-EN (AN), AN-SP (AN), AN-
CP (AN), or CL-CP (CL) occur in the
same baby only one CA (the one in
parenthesis) is evaluated This is a
weak point of our model, because
theoretically an impossible event is
not the same as an event with low
probability.

The multidimensional threshold
model is an extension of the GAMT
model [6,21]. Lt is the liability of the
newborns to ak, and Tk is the cor-
responding threshold. The indepen-
dence of CAs means the independence
of the coordinates of the random vec-
tor L. In the original GAMT model,
the liability was used for describing
the multidimensional configuration
on a family tree for one CA. One af-
fected newborn has many liabilities,
i.e., one specialized liability to each
CA. The relationship of these liabil-
ities indicates the presence or absence
of the CAs in newborns. Although in
our study we could not evaluate the
familial data because they were not

. &

available, we still refer to our model
as the GAMT model.

Our main objective was to decide
whether MCAs with CA triplets fol-
lowed the structure of the correlation
matrix 1i. (Random combinations are
found too frequently in CA pairs, and
reporting is more likely to be in-
complete when MCAs consist of four
or more CAs.) In the GAMT model,
the expected number Er(G) of a
given group G = {A;A:A;} of new-
borns with three CAs (previously de-
fined) is NPT(G), where

PH(G)=i 1 i x

f12=0 vig=0 P23—0

f\V12 f)vis

Sij 6ik Gik Q<ft)(T ) QW(T ) Q ~\T k)

v12-vI3' V23-

Ml = vi2 + L3M2= vi2 + v23, M3 =

= »13 + v23-

This is the generalization of the
Pearson expansion of the two-dimen-
sional normal distribution function.
As proven by Taqqu [19], this
expansion is convergent if the largest
value of rR is less than 1/2. [In the
s-dimensional case it ought to be
less than 1/(s-1).] In our calculations,
only the terms larger than 10 '10were
taken into account. The joint distri-
bution of the expected and the ob-
served occurrences is given in Figure 2.
The largest observed occurrence was
26 :CF TC—CD. This CA combina-
tion is compatible with the theory
that postural cleformities are associ-
ated, i.e., Congenital Postural Deform-
ity Association [16]. The expected
occurrence of this combination is 30;

Ada Paediatrica Hunaarica 27, 1980
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Table IV

The correlation matrix
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in the GAMT model
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.46
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49
.00
36
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.46
.00
41

.32
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Table IV (contd)

CA
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EA

FN
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DI

CA
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025 028 014 006 0.35 0.33 0.08 0.03
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—0.12
—0.01
—0.28
0.07
0.07
—0.01
0.09
0.07
—0.07
—0.16
0.08
0.21
0.06
0.05
0.07
0.12
0.44
—0.03
0.15
0.07
—0.01
0.01
0.09
0.03
0.17
0.10
0.18
0.71
—0.04
1.00
0.25
0.01
0.01
0.03
0.18
0.01
0.20

—0.13
0.02

0.07

0.00
0.00
0.29
0.24
0.38
0.00
0.20
0.27
0.36
0.00
0.40
0.38
0.00
0.00
0.00
0.00
0.40
0.15
0.46
0.29
0.00
0.44
0.00
0.32
0.00
0.00
0.28
0.27
0.00
0.25
1.00
0.00
0.00
0.26
0.20
0.32
0.10
0.47
0.00
0.00

0.17
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RS

0.24
0.30
0.25
0.17
0.27
0.26
0.14
0.21
0.38
0.31
0.34
0.37
0.35
0.00
0.00
0.27
0.26
0.20
0.49
0.47
0.00
0.50
0.51
0.00
0.34
0.29
0.30
0.00
0.00
0.01
0.00
1.00
0.00
0.35
0.00
0.36
—0.07
0.41
0.40
0.00

0.22

PS

—0.04
0.00
0.115

—0.05
0.15
0.00
0.10
0.00
0.18
0.20
0.00
0.00

—0.03
0.00
0.00
0.00
0.12
0.11
0.00
0.17
0.00
0.00
0.00
0.22
0.00
0.25
0.00
0.00
0.00
0.01
0.00
0.00
1.00
0.23

—0.02
0.21
0.22
0.00
0.00
0.00

0.05

0.22
0.18
0.12
0.22
0.22
0.14
0.31
0.31
0.00
0.37
0.24
0.32
0.15
0.30
0.00
0.23
0.16
0.10
0.36
0.38
0.00
0.42
0.48
0.00
0.00
0.24
0.25
0.00
0.00
0.03
0.26
0.35
0.23
1.00
0.29
0.37
0.17
0.27
0.38
0.00

0.21

0.23
0.31
0.19
0.32
0.28
0.27
0.31
0.30
0.31
0.20
0.43
0.42
0.26
0.32
0.25
0.24
0.28
0.45
0.49
0.28
0.33
0.20
0.24
0.15
0.00
0.37
0.38
0.10
0.00
0.18
0.20
0.00
0.02
0.29
1.00
0.33
0.34
0.29
0.00
0.22

0.25

0.33
0.31
0.37
0.26
0.28
0.24
0.35
0.00
0.38
0.43
0.57
0.26
0.31
0.36
0.37
0.21
0.28
0.13
0.43
0.45
0.40
0.46
0.46
0.27
0.27
0.41
0.31
0.00
0.00
0.01
0.32
0.36
0.21
0.37
0.33
1.00
—0.13
0.30
0.37
0.19

0.29

—0.09
—0.09
0.08
0.13
0.17
0.05
0.06
0.19
0.12
0.10
0.08
0.18
0.10
0.14
0.00
0.07
0.12
0.22
0.00
0.24
—0.09
—0.02
0.14
—0.06
0.21
0.26
0.20
0.31
0.24
0.20
0.10
—0.07
0.22
0.17
0.34
—0.13
1.00
0.30
—0.05
0.05

0.11

0.00
0.00
0.39
0.18
0.50
0.35
0.30
0.37
0.38

0.43
0.44
0.47
0.47
0.35
0.28
0.35
0.34
0.46
0.44
0.35
0.50
0.35
0.26
0.00
0.63
0.45
0.21
0.00
0.22
0.47
0.41
0.00
0.27
0.29
0.30
0.30
1.00
0.to
0.33

0.32

EO

0.27
0.25
0.34
0.13
0.34
0.29
0.17
0.24
0.25
0.26
0.24
0.00
0.39
0.00
0.38
0.30
—0.04
0.11
0.00
0.35
0.41
0.50
0.49
0.00
0.00
0.39
0.00
0.00
0.00
—0.13
0.00
0.40
0.00
0.38
0.00
0.37
—0.05
0.40
1.00
0.00

0.19

199

0.00
0.18
0.18
0.18
0.20
0.20
0.33
0.22
0.23
0.00
0.23
0.38
0.00
0.35
0.00
0.28
0.23
0.17
0.41
0.29
0.23
0.00
0.28
0.00
0.00
0.29
0.30
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.22
0.19
0.05
0.33
0.00
1.00

0.15
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therefore, this occurrence follows the
model. (The corresponding correla-
tions were, CF—TC = 0.50; CF—
CD = 0.44; TC CD = 0.71) As the
observed occurrences become smaller,
the distribution of the expected oc-
currences becomes wider with each
step. The deviation, however, is not
significant because of the extremely
large number of theoretically possible
combinations.

Each column of Figure 2 shows a
consistent under-estimation of the
expected values. In cases marked in-
dividually (EX-CD-PS, CF-
UT-CT, ON-CD-IH etc.), the
difference is obvious because other
triplets with nearly the same expected
occurrence were not observed. If in
a study we see one instance in which
the expected occurrence is 1/1,000, we
may be surprised. If, however, there
are 1,000 rare births in which the
expected occurrence is 1/1,000, then
we should not be surprised to see at
least one of them. That is why our
main concern was not the individual
value for the expected occurrence of
an observed triplet, but it was the
expected number of triplets with a
given expected occurrence. We calcu-
lated the expected occurrences for
all the theoretically possible. 9 880
triplets, and we found no significant
deviation between the sums of the
observed and the expected occur-
rences (1 761 vs. 1876).

If we denote by E?(K), respec-
tively B®(i,j), the sum of the expect-
ed total numbers fo triplets contain-
ing Ak, or A-and A( and by |G |
the number of CAs in G, then

E2K) = 2

GAtia |G|-3

E+(G), Ex(i, j) =

G:Ai,A,iG |G|:3Er(G)'

[The corresponding observed num-
bers were denoted 0?(k) and Oc(i,j).]
The sum of the terms Ej?(i,j), and of
072(i,j) for all (i,j) pairs was 5 627 and
5 283, respectively. The numbers
E?(k), 0?(k) are given in Table V,
with the usual 2statistics (O E)ZE.
The distribution is not 9, however,
because the summands in 0?(k) are
not independent.

In CA triplets, the multidimension-
al threshold model could fit the ob-
served values on the basis of distribu-
tion of CAs within CA pairs; thus the
third hypothesis may be valid, and
our model may explain the combina-
tion of CAs in MCAs. Although not
being able to reject a null hypothesis
does not make it correct, our model
seems to answer an important ques-
tion. From the teratological point of
view, it is difficult to understand
why no explanation has been found
for the combination of CAs in the
extremely high number of unidenti-
fied MCAs. Our model confirms that
it is worth-while to consider a third
type of MCAs besides CA syndromes
and random combinations: CA-as-
sociations [18]. Our data do not, how-
ever, reject that there are further
CA-syndromes to be found. The find-
ings of the Hungarian nation-wide fol-
low-up evaluation of unidentified
MCAs [11] are consistent with this
hypothesis and the proportion of rec-
ognized CA-syndromes and CA-as-
sociations was increased to 50%.
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Table Y

Observed and expected cumulative occurrences of CAs in the at-least threefold cases

CA Observed
AN 50
EN 62
SP 83
CL 269
CP 208
LR 136
PY 236
SY 93
EX 105
OA 120
AA 281
MC 117
HY 252
AM 65
CT 25
EY 49
CF 366
HS 115
EG 148
HD 635
DI 116
RA 78
CK 124
Al 26
ON 9
FN 189
EA 229
TC 62
BR 4
CD 155
oL 33
RS 72
PS 14
oD 72
ITT 201
olIT 184
IH 82
MS 145
EO 40
ST 37

The biological background of CA-
associations has not yet been deter-
mined. Roberts and Powell [16]
suggested that [17] “there is ‘one
single cause’ for most human malfor-
mations and that this is likely to be
‘intrinsic’ rather than ‘extrinsic’
Cohen [4], however, reported some
additional aetiological possibilities.
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Expected X2
71.08 3.20
66.76 3.26

121.84 12.38

255.69 0.69

186.67 2.44

151.55 1.60

215.47 1.96

108.50 2.21

133.89 6.23

115.45 0.18

268.80 0.55

160.11 11.61

255.50 0.05

101.20 12.95
30.74 1.07
47.96 0.02

341.25 1.80

133.95 2.68

156.75 0.49

632.55 0.01

125.55 0.73

105.56 7.19

139.93 1.81
26.21 0.00

3.92 6.58

231.05 7.65

234.11 0.11
66.99 0.37

1.40 4.82

163.80 0.47
37.51 0.54
84.77 1.92

8.40 3.74
77.96 0.46

194.08 0.25

197.80 0.93
96.42 2.16

194.77 12.72
50.25 2.09
30.64 1.32

The overlapping of polygenic systems
and/or environmental triggering fac-
tors in the pathogenesis of common
CAs [3], the susceptibility and inter-
relationship of some organs by criti-
cal time of impact, the joint intrinsic
regulatory system [8], and develop-
ment of the field effect theory [15]
could explain the validity of the
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multidimensional threshold model in
at least some of the unidentified
MCAs. According to the multidimen-
sional threshold model, the different
CAs may be manifestations of a de-
velopmental spectrum; thus, beyond
their  unidimensional aetiological
background they may have a basic
underlying interrelationship. It fol-
lows that the present practice of
providing genetic counselling only
regarding the recurrence of a specific
malformation should he modified.
For example, after delivery of a baby
with oesophageal atresia or diaphrag-
matic defect, the counsellor should
be able to estimate not only the re-

203

currence of oesophageal astresia and
diaphragmatic defect but also the oc-
currence of neural tube defects, in
the next pregnancy [13, 11].

For identifying and detecting CA-
syndromes and CA-assoeiations, we
used multidimensional scaling, factor
and cluster analysis, loglinear model
[14], and latent structure analysis
[20]. Investigators hope to find the
final clue to this problem through the
study of families with cases of uniden-
tified MCAs [12]. Perhaps the family
study of our data for 1970—1980, in-
volving more than 1000 cases will
provide some progress in this field.
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