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THIS PAPER will examine data relating to two aspects of the epidemiology of
spontaneous abortion. First I shall use a form of analysis (James, 1961) to
reassess the statistical evidence for the clinical notion that women segregate into
abortion-prone and abortion-resistant groups. Second, I shall consider the rela-
tion of maternal age and birth order to spontaneous abortion.

Since the discussion in both sections depends on the thesis that women differ
greatly in their propensity to abort (called here their "abortion-probability"),
and since this has been recently disputed (Warburton, 1961; XVarburton and
Fraser, 1959), I shall present fresh evidence on this point. And since the addi-
tional fertility following an abortion is a point which will also be raised in both
sections, some preliminary observations will also be offered on this topic.

VARIATION BETWEEN WOMEN JN ABORTION-PROBABILITY

Three different lines of argument will be used in this context:
(1) Observed frequencies of women within a graviditv group who have had

0, 1, 2 ... abortions do not follow binomial expectations;
(2) The variance of the observed distributions is large, vet the results of

adjacent pregnancies in an obstetric history do not correlate;
(3) Empirical examination suggests that pregnancies following a series of

abortions have a far higher probability of aborting.

The Sample
Warburton ( 1961 ) presented a good summary of the types of bias associated

with the commoner sources of data on spontaneous abortion. She concluded that
the best source is a random sample of women interviewed by a skilled inter-
viewer. Through the courtesy of the Trustees of the Institute for Sex Research
of Indiana University, I have been given permission to present and re-analyse
some of their previously published data and to analyse previously unpublished
data as well. The sample of women from which these data were elicited has been
described elsewhere (Gebhard, Pomeroy, Martin and Christenson, 1958, pp.
11-23). The training of the interviewers and the very thorough efforts to gain
rapport with the subjects are described by Kinsey, Pomeroy and Martin (1948,
ch. 2). Although the representativeness of the sample is admittedly incomplete
(Gebhard et al., 1958, pp. 18-23), it seems unlikelv to have affected those
features of the sample to be reported.
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EPIDEMIOLOGY OF SPONTANEOUS ABORTION

The sample was of 781 white women, each of whom:
a) was 36 or more years old at the time of interview,
b) had married by the age of 30,
c) had never been to prison,
d) had had at least one pregnancy.
This sample includes the 759 gravidae mentioned on p. 136 of Gebhard

et al. ( 1959). The additional 22 women were interviewed after the manuscript
for the book had been prepared for publication. I shall call the 781 women the
ISR Sample.

TABLE 1. WOMEN IN THE ISR SAMPLE. FREQUENCIES OF XVOMEN

WITH THE GIVEN COMBINATIONS OF PREGNANCIES AND

SPONTANEOUS ABORTIONS

Spontaneous abortions
0 1 2 3 4 5 6 7 8 Total

1 136 27 163
P 2 214 34 6 254
r 3 98 45 15 5 163
e 4 32 18 17 8 2 77
g 5 8 11 9 3 2 0 33
n 6 4 3 6 4 4 2 0 23
a 7 0 1 1 0 1 2 5
n 8 1 1
c 9 1 1
i 10 1 1 1 1 1 5
e 11 1 1
s 12 1 1 2

728

The remaining 53 women in the ISR Sample had their every pregnancy terminate in
induced abortion.

Table 1 shows the frequencies among these women with the given combina-
tions of pregnancies antd spontaneous abortions. In all cases induced abortions
(therapeutic or criminal) are ignored; so, for example, a woman reporting one
live birth, one spontaneous abortion and one induced abortion is recorded as
having had two pregnancies, one of which vielded a live birth and the other a
spontaneous abortion. It is here assumed that among those pregnancies which
in fact ended in induced abortion, the same proportion would have spontaneous-
ly aborted if the pregnancies had not been artificially terminated. (Data on the
gestation periods of illegal abortions are not known to this author.)

1. Testing for Binomial Expectations
If the probability of aborting a pregnancy were equal in all women and equal-

led q l-p, then within a group of k women each of whom has had exactly
n pregnancies, the expansion of the binomial k(p+q)n should give the expected
frequencies of women who have had 0, 1, 2, . . .n abortions (this formulation
is subject to a condition to be stated later). Table 2 shows the frequencies
observed and those expected on the binomial hypothesis for those women with
from three to six pregnancies (p = 1 -q, the basis of the expected frequencies,
was calculated separately for each gravidity group).
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TABLE 2. WOMEN IN THE ISR SAMPLE WITii 3, 4, 5 AND 6 PREGNANCIES.
FREQUENCIES OF WOMEN OBSERVED AND EXPECTED ON THE DOUBLE
BINOMIAL, SKELLAM'S DISTRIBUTION AND THE NEGATIVE BINOMIAL

Abortions
0 1 2 3 4 5 6 Total

3 Pregnancies 0 98 45 15 5 163
D 98.4 44.0 16.0 4.7 163.1
B 88.5 59.9 13.5 1.0 163.0

4 Pregnancies 0 32 18 17 8 2 77
D 31.5 20.6 13.8 8.7 2.4 77.0
B 21.5 32.3 18.2 4.5 0.4 77.0
S 30.4 22.2 14.2 7.5 2.7 77.0
N 28.1 26.2 14.1 5.8 2.0 76.2

5 Pregnancies 0 8 11 9 3 2 0 33
D 11.5 8.3 5.5 4.6 2.5 0.6 33.0
B 6.4 12.4 9.6 3.7 0.7 0.1 33.0
S 8.0 11.1 8.3 4.1 1.3 0.2 33.0
N 7.7 11.7 8.4 3.7 1.2 0.3 33.0

6 Pregnancies 0 4 3 6 4 4 2 0 23
D 4.2 3.9 3.9 4.8 4.0 1.8 0.3 23.0
B 1.3 4.7 7.3 6.1 2.8 0.7 0.1 23.0

0 = observed.
D = double binomial.
S = Skellam's distribution.
N = negative binomial.

For the binomials, chi-square - 19.8173 with 4 d.f., p < 0.001
Thus the fit is completely unsatisfactory. However, it was just remarked that

the binomial frequencies would be expected only if a certain condition were
satisfied. The condition is that women do not selectively conclude their repro-
ductive performance according to the 'score' of their obstetric history. I shall
later present data which suggest that, in fact, this condition is not satisfied.
Women, it will be shown, are more likely to engage in a further pregnancy if
the last one aborted than if the last one yielded a live birth. At first sight, it
might be argued that it is this fact which frustrates the binomial expectations.
However, if there were underlying binomial frequencies which had been dis-
turbed by this selectivity, the effect would be to reduce the frequencies of women
with high proportions of aborted pregnancies; there would be fewer women
in the tails of the distributions. Yet the observed frequencies of women with
50 per cent or more pregnancies aborting exceeds the frequencies expected on
the binomial hypothesis. It is concluded that if there are underlying binomial
frequencies, it is not this selectivity which has interfered with them.

2. The Variance of the Observed Distributions
For the binomial distribution, the mean is n- and the variance npq, so it is

noteworthy that in three of the four observed distributions (for gravidae 3 to
gravidae 6) the variance exceeded the mean. It implies either that the women
varied in their abortion probabilities or that there is a positive correlation be-
tween the outcomes of successive pregnancies. This latter alternative may be
tested by applying a runs test. If there were such a positive correlation, the

JAMES 225



EPIDEMIOLOGY OF SPONTANEOUS ABORTION

number of "runs" of similar outcome within each obstetric history would be
expected to be smaller than would be predicted on the basis of chance. How-
ever, the runs test is not very efficient; for a woman with two abortions it cannot
discriminate at the 5 per cent level unless she has had 14 or more pregnancies.
And in no case can the test discriminate at the 5 per cent level in a history of
less than nine pregnancies. Women in these categories are comparatively rare;
even more rare are such women who can remember the order of the outcomes of
their pregnancies. However, it is possible to combine the results of a number of
tests of significance; the composite result may be expressed in terms of a single
probability. Fisher (1932) considered the case of k values of a probability

k
PI, P2. . . pk. He showed that M2 -2 loge i pj is distributed as x2 with
- 2k degrees of freedom. j 1
Swed and Eisenhart (1943) have tabulated the probability of P [u : u'iI

where u' is the observed number of runs in a sequence composed of n objects of
one kind and m of another (m and n taking the values of two or more). So for
each woman who has had 2+ live births and 2+ abortions (and who remem-
bers the order in which they occurred) a probability may be quoted that the
number of runs would be equal to or less than the observed number. From data
provided by the Institute for Sex Research it was found that there were 30
white nonprison women whose obstetric histories could be tested in this fashion
(The histories of prison women and Negro women were not so tested because
it was believed that in the case of women recovering from or contracting syphilis
during their reproductive lives, the abortion-probability might fluctuate, thus
violating an assumption of the runs test.)

From the data, it was found that 12 - 43.761 with 60 d.f., a value which is
clearly not significant. It is concluded that the outcomes of adjacent pregnancies
do not correlate and that, therefore, the women varied in their propensity to
abort.

3. Empirical Data on Recurrence Rates

I have published data elsewhere (James 1962; James 1963) which indicate
that a woman who aborted her last two or three pregnancies has a far higher
chance of aborting her next pregnancy. Bearing in mind the lack of correlation
between the results of adjacent pregnancies, this again suggests that women do,
indeed, vary greatly in abortion- proba'ility.

It should be noted that the high variances in the observed distributions sug-
gest that the abortion-probability remained relatively constant within each
woman; if it had varied, that would have reduced the variance (Edwards,
1960). Accordingly, it is concluded that abortion probabilities do, in fact, vary
from one woman to another, although not appreciably within a given woman.
This, of course, is intended only as a generalization, and is not meant to deny
that in a few cases abortions are associated with blood group incompatibility, and
that the probability of iso-immunization increases with gravidity (Glass, 1949).
During the rest of this report, I shall treat this point as if it were established;
I shall refer to "abortion-prone" and "abortion-resistant" women, with the impli-
cation that women vary (though do not necessarily segregate) in this regard. It
is important, therefore, to consider how this probability is distributed.
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ADDITIONAL FERTILITY FOLLOWING AN ABORTION

First, it is necessary to examine the consequences of a point already mention-
ed, the additional fertility contingent upon an abortion. As far as I am aware,
this has not previously been discussed; other workers (Harris and Gunstad,
1936; Warburton, 1961) and I (James, 1961) have been too engrossed with
the possibilities of curve-fitting to notice that it may easily interfere with fre-
quencies of women to be expected with given combinations of live births and
spontaneous abortions.

Suppose that a family size of two were universally desired, and suppose
further that contraceptive technique were flawless. Then (ignoring the small
number of matings characterized by involuntary secondary sterility) it would
follow that every mating in which the completed family size involved two preg-
nancies would, in fact, comprise two live birth,. This is because those matings
in which one or both of the first two pregnancies aborted, would engage in a
further pregnancy, while those in which both pregnancies yielded live births
would refrain from further reproductive efforts. In general, it would follow that
every mating involving n pregnancies (n =2), would involve n-2 abortions.
Of course, neither of the conditions outlined is perfectly observed, but while
they operate at all, it would be expected that those matings involving n preg-
nancies (n = 3+), would be characterized by a reduction in variance.

It is, therefore, necessary to examine the extent to which these conditions are
operating to see how much they may be expected to modify variance in this
fashion.

1) It seems accepted that there is a general tendency for couples to think
that a two-child family is the best size (Kiser and Whelpton, 1958), although
it must be admitted that completed family size does not correlate highly with
family size preference stated at the time of marriage (Westoff, Mishler and
Kelly, 1 9 5 7).

2) The efficiency of contraceptive technique was studied by Pearl (1932)
who proposed the formula R = Total number of conceptions X 1200 as a

Total months of exposure
measure of conception rate. In a study by Westoff, Potter, Sagi and Mishler
(1961) it was found that of a sample of 1,165 white couples in seven of the
largest cities in the U. S., 917 (79 per cent) had used contraceptive methods
(of various sorts) for an aggregate of 28,607 months. The number of accidental
pregnancies was 534, giving a failure rate of R 22.4 conceptions/100 years
of exposure. In contrast, it has been estimated (Tietze, 1959) that in the
absence of contraception, R is of the order of 80 conceptions/100 years of ex-
posure. So it may be taken as established that in contemporary America, con-
traception is extremely prevalent and relatively efficient. The effect it has on
the relation between abortion rates and completed gravidity size is exemplified
forcibly in the admittedly unrepresentative sample of Reed and Kelly (1958).
The women in this sample had volunteered to participate as subjects in a
longitudinal study of marital compatibility and were selected simply for their
willingness to cooperate in the study. (I call them unrepresentative only because
their mean intelligence was above average and because their use of contraceptive
techniques was attended with more than usual success.) Among Reed and
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EPIDEMIOLOGY OF SPONTANEOUS ABORTION

Kelly's 2-gravidae, the incidence of abortion is 5 per cent. Among the first two
pregnancies of their 3-gravidae, the comparable figure is 17 per cent (ignoring
induced abortions and counting stillbirths as spontaneous abortions).

If it be accepted that selective application of contraception is responsible for
this, it would follow that standard curves fitted to such data could form only
the basis for tenuous conclusions. For unless one could estimate the extent to
which the frequencies had been disrupted, one could make no firm inference
even if one were able to fit the distributions.

However, this line of argument would seem applicable only when the abortion
rate in families of n-gravidae is markedly less than in the first n pregnancies
of (n+ 1 )-gravidae.

TABLE 3. PREGNANCIES OF WOMEN IN THE ISR SAMPLE.
FOR GRAVIDAE-(n+ 1), THE ABORTION RATE WITHIN THE FIRST N
PREGNANCIES. CONTRASTED IS THE ABORTION RATE AMONG ALL

PREGNANCIES OF THE CORRESPONDING N-GRAVIDAE
n

2 3 4 5
Abortion rate

In the first n pregnancies
of (n+l)-gravidae 16.2 29.4 28.0 37.5

Abortion rate among all
pregnancies of n-gravidae 9.1 18.0 27.0 28.0

In all cases, percentages are for totals of more than 100 pregnancies.

Table 3 makes this comparison for families in the ISR sample for values of n
from n=2 to n 5. The rate in the first two pregnancies of 3-gravidae is almost
double the rate in 2-gravidae. For other n, it may be noted that although the
rates are always higher in the first n pregnancies of (n+ 1 )-gravidae than the
rates in n-gravidae, the proportional difference in no other case is so great. So
in these cases, the effect of additional fertility after abortion will be ignored for
purposes of curve-fitting.

TESTING FOR SEGREGATION OF ABORTION PROBABILITY

It was proposed to test for segregation of abortion-probability by examining
the fit to the double binomial v" (Pi + qj)f + v2(p2 + q2)n (James, 1961).
For each gravidity group, q1 and q2 were estimated, and then estimates of q1
and q2 for the whole sample were derived by weighting the separate estimates
according to the number of women in the groups from which the estimates were
made. Lastly, these over-all estimates of q, and q2 were used to estimate v1/v2
separately for each gravidity group. The rationale of this was that if the selec-
tivity mentioned were very powerful, then, of course, the fit could not be
expected to be good. However, if it were weak, then for each gravidity group the
ratio v1/v2 (i.e., the ratio of abortion-prone to abortion-resistant women in the
gravidity group) would be expected to vary from group to group, increasing
with gravidity. Then, within each gravidity group, the frequencies of women
with 0,1,2...n abortions should approximate to the sums of the appropriate terms
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of the double binomial. The data for 2-gravidae were discarded as showing too
much evidence of the selectivity. For the sample of 3, 4, 5 and 6-gravidae, the
weighted estimates of q1 and q2 were 0.530949 and 0.104352, respectively,
for the abortion-prone and abortion-resistant women (where q = 1-p is the
probability of aborting a pregnancy).

The same gravidity group frequency distributions of abortions were also fitted
to (1) negative binomials to test the hypothesis that abortion-probability is a
unimodal positively skewed variable (Greenwood and Yule, 1920) and (2)
Skellam's distribution (Skellam, 1948; Edwards, 1958) to test the hypothesis
that abortion-probability is a fl-variate. (With small variance, at any rate, the
/3- and normal distributions are similar, and it is reasonable to test whether a
biological parameter like p, with a small range of variation, may be nearly nor-
mally distributed.) For brevity this hypothesis will be referred to as the Skellam
hypothesis. Table 2 shows the results of these lits.

Chi-square values were computed for all fits. In all cases where the expected
frequencies were less than five, the cell values were pooled until this value was
exceeded. The results were as follows:
For the double binomials, chi-square 6.393; 0.1<p<0.2 with 4 d.f.
For the negative binomial, chi-square 4.463; 0.1<p<0.2 with 2 d.f.
For Skellam's distribution, chi-square 1.537; 0.5<p<0.7 with 2 d.f.

Discussion
Extended discussion at this point would be superfluous as there is little to

choose between the distributions here.
It is difficult to assess the effect of selective application of contraception on

the frequencies. The ideal sample for the present purpose would be one in which
contraception was either inefficient or not extensively practiced. However, so
far as I am aware, no appropriate recent data have been published on such a
sample. Faut de mieux, one has recourse to data gathered at a time when con-
traceptive propaganda was impassioned, illegal (in the U.S. Mail) and relatively
inefficient (Stopes, 1927), in contrast to the bland product of the 1930's (Mc-
Carthy, 1954). The trouble about such data is that (following the tradition of
more delicate days), they fail to separate induced from spontaneous abortions.

I shall describe an attempt to fit one such set of data to double binomials,
negative binomials and to Skellam's distribution.

Data collected prior to 1921 have been presented by Harris and Gunstad
(1936). For a sample of foreign-born women resident in the U.S., they gave
the frequencies with each possible combination of numbers of live births and
spontaneous abortions. These women were ascertained by a visit to an obstetric
hospital. Harris and Gunstad were aware of scme of the consequences of their
mode of ascertainment: If the outcome of the ascertainment-pregnancy is in-
cluded, the incidence of abortion will be underestimated because abortions have
a smaller chance of hospitalization than live births. Instead, Harris and Gunstad
elected to ascertain by a live birth which they then ignored; none of their data
has been contributed by women who aborted their every pregnancy, so it is
clear that bias may remain. Nevertheless, the bias is probably not great.
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EPIDEMIOLOGY OF SPONTANEOUS ABORTION

TABLE 4. WOMEN IN THE HARRIS AND GUNSTAD SAMPLE WITH 2, 3, 4,
5, 6 AND 7 PREGNANCIES. FREQUENCIES OF WOMEN OBSERVED AND
EXPECTED ON THE DOUBLE BINOMIAL, SKELLAM'S DISTRIBUTION

AND THE NEGATIVE BINOMIAL

Abortions
0 1 2 3 4 5 6 7 Total

2 Pregnancies 0 449 121 20 590
D 441.9 119.5 28.6 590.0

3 Pregnancies 0 228 94 30 8 360
D 243.5 78.5 30.9 7.2 360.0
S 228.8 91.7 32.3 7.2 360.0
N 225.3 100.2 27.3 5.9 358.7

4 Pregnancies 0 141 44 22 7 2 216
D 134.1 47.9 22.3 9.9 1.8 216.0
S 140.2 46.3 19.8 7.7 2.1 216.0
N 136.9 53.0 17.8 5.7 1.8 215.2

5 Pregnancies 0 69 34 24 12 3 1 143
D 82.4 32.0 15.2 9.4 3.5 0.5 143.0
S 67.0 38.9 21.5 10.5 4.1 1.0 143.0
N 63.8 44.3 21.3 8.7 3.2 1.1 142.4

6 Pregnancies 0 56 22 13 7 1 0 0 99
D 53.3 22.6 10.1 7.6 4.1 1.2 0.2 99.0
S 53.8 26.6 11.9 4.7 1.6 0.4 0.1 99.0
N 52.7 28.6 11.5 4.1 1.4 0.4 0.1 98.9

7 Pregnancies 0 31 12 6 4 1 3 1 0 58
D 29.3 13.6 5.6 4.5 3.2 1.4 0.4 0.0 58.0
S 31.5 10.9 6.3 4.0 2.6 1.6 0.8 0.3 58.0
N 29.1 13.9 7.1 3.7 2.0 1.0 0.6 0.3 57.6

0 = observed.
D = double binomial.
S = Skellam's distribution.
N = negative binomial.

The fits to the three theoretical distributions are shown in table 4. In Harris
and Gunstad's data, abortion rates did not vary much with gravidity at the
time of ascertainment. Hence, there seemed no advantage in estimating v1/v2
separately for each gravidity group. So weighted averages of q1 and q2 were

first computed, and then an over-all estimate of vll/v. derived therefrom.
The results were:
For the double binomials chi-square 21.131; 0.2>p>O.1 with 15 d.f.
For the negative binomials chi-square = 11.58; 0.05>p>0.02 with 5 d.f.
For Skellam's distribution chi-square = 3.054; 0.7>p>0.5 with 5 d.f.

Again, the best fit is yielded by Skellam's distribution, but the present results
can scarcelv be said to clinch the matter.

A Further Test
The apparent superiority of the Skellam hypothesis suggests that an attempt

to fit Whitehouse's (1930) data to Skellam's distribution might be attended
with success. Table 5 shows the results of such an attempt.

Chi-square = 1 1.5 74, p< 0.01 with 3 d.f.
I have already shown that these data can be reasonably fitted by double

binomials (James, 1961) so the poor fit of Skellam's distribution might plausi-
bly be regarded as crucial, if one were satisfied with the data. However, they
confound induced and spontaneous abortions.
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TABLE 5. WOMEN IN THE WHITEHOUSE SAMPLE WITH 4, 5 AND 6
PREGNANCIES. FREQUENCIES OF WOMEN OBSERVED AND EXPECTED

ON SKELLAM'S DISTRIBUTION
Abortions

0 1 2 3 4 5 6 Total

4 Pregnancies 0 81 39 6 7 3 136
E 84.6 29.2 13.9 6.3 2.0 136.0

5 Pregnancies 0 42 31 16 3 1 2 95
E 44.4 27.2 14.3 6.4 2.2 0.4 95.0

6 Pregnancies 0 27 15 5 6 2 2 0 57
E 27.4 13.1 7.7 4.6 2.6 1.2 0.4 57.0

0 = observed.
E = expected.

Conclusion
Skellam's distribution makes a good fit to the data of Harris and Gunstad

and of the Institute for Sex Research but a pocr fit to Whitehouse's data. The
double binomial makes a fair (but unimpressive) fit to all three. It is possible
that the anomalous nature of these results is attributable to characteristics of
the data which render them questionably suitable for the present purpose; viz,
the older data fail to discriminate between induced and spontaneous abortions,
while more recent data show evidence of selective applications of contraception
which violates the assumptions underlying the theoretical distributions.

ABORTION, MATERNAL AGE AND BIRTH ORDER

It has been commonly observed that spontaneous abortion rates correlate with
birth order (Hudson, and Rucker, 1945; Javert, 1957; Rucker, 1952;
Schoeneck, 1953; Stevenson, and Warnock, 1958; Shapiro, Jones, and Densen,
1962) and with maternal age (Gebhard and et al. 1958; Javert, 1957; Rucker,
1952; Stevenson and XVarnock, 1958; Tietze, Gyuttmacher and Rubin, 1950).
To the knowledge of this writer, however, only one attempt has been made to
sort out the relative influence of these two variables (Warburton, 1961). How-
ever, in view of the empirical concurrence of Shapiro et al. (1962) with
Erhardt and Jacobziner (1956) that the relationships are not linear, it would
seem that Warburton's conclusions from a linear regression analysis may be
misleading.

Be that as it may, it is usual to infer from thie well-documented correlations
that a woman's risk of aborting a pregnancy increases both with her age and with
birth order (Javert, 1957). I shall call this the "causal" hypothesis. Its advocates
might invoke, for instance, explanations involving:

(1) gradually deteriorating features of the intrauterine environment, or
(2) degradation of the ovum in the interval between the differentiation of

the primary oocytes (possibly before puberty) and ovulation, or
(3) cumulative susceptibility of the maternal gonads to lethal mutagenic

agents.
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EPIDEMIOLOGY OF SPONTANEOUS ABORTION

Of particular interest in this connection is the association of some forms of
chromosomal anomalies with maternal age. Chromosomal anomalies have been
shown to be associated with some spontaneous abortions (Penrose and Delhanty,
1961; Delhantv, Ellis and Rowley, 1961; Schmid, 1962) but the types of
anomaly involved (triploidy and reciprocal translocations) have not, to my
knowledge, been linked with maternal age.

It might be observed that nondisjunction of chromosome number 21 pre-
sumably gives rise to an equal number of monosomics as it gives to trisomic
mongols, the monosomics dying, however, in utero. Such a mechanism might be
expected to be intimately linked with maternal age; but since it would occur
in about one pregnancy in 600 (the incidence of mongolism), it could be
expected only to account for perhaps one abortion in 100.

During the remainder of this report this type of "causal" hypothesis will be
questioned. Instead, data will be presented to support what will be called the
'artifact' hypothesis, viz that:

(1) Some women (here called "abortion-prone") are more likely to abort
their pregnancies than other "abortion-resistant" women.

(2) Abortion-prone women have more pregnancies on the average than
abortion-resistant women.

(3) Abortion-prone women have pregnancies at higher ages on the average,
and

(4) The combination of these facts is mainly responsible for the observed
correlations of abortion rate with maternal age and with gravidity.

It will be argued that the high spontaneous abortion rates for advanced age
and gravidity categories are due to the higher proportions of abortion-prone
women in these categories.

The Sample
The data used in the present analysis were elicited partially from the ISR

Sample. Other data were provided by 822 additional women who were also
interviewed by I.S.R. staff. These women also were white and had not been to
prison, but they differed from the ISR Sample in that they: (a) were 30 plus
years of age at the time of their marriage, or (b) were 36 minus years at the time
of interview (or both).
I shall call these 822 women the ISR Sample 2.

In women in the ISR Sample the percentages of pregnancies aborting in the
first five birth orders were 15.6, 13.7, 20.4, 20.0, and 29.6. For subsequent
birth orders, the over-all percentage was 25.4. In the ISR Sample the ages at
pregnancy were coded in 5-year intervals (20 and less - 1; 21-25 =2.2..... 36
and over 5). The percentages of pregnancies aborting during these five
coded maternal ages were, respectively, 15.2, 20.2, 20.6, 22.0, and 27.5. Each
of these percentages is based on a total of more than 70 pregnancies, so that the
over-all rise in each case is clearly not attributable to chance.

Method: Analysis
The inference of a maternal age effect in spontaneous abortion has hitherto

been drawn from the correlation of spontaneous abortion rates with birth order
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and with maternal age (correlations which are exemplified, as just noted, in the
present data). However, these correlations could exist even if the causal
hypothesis were false. This possibility may be tested by analyzing the data in
a manner suggested by Slater (1962). His description of his method may be
quoted:

"When an individual comes mth in order of a sibship of n individuals -i.e., in the
total of children borne by his mother-his ordinal position may conveniently be
designated by the figure (m-i)/(n-i). This expression varies in value between the
limits of 0 and 1, with a mean value which in a random collection of individuals
tends towards 0.5. Within sibships of a stated size the values are not normally
distributed, since each ordinal position is equally probable; but the means of values
obtained on a series of individuals will tend to be normally distributed. The variance
of values of this expression is easily calculated, so :hat the probability of a deviation
from the expected mean of 0.5 can be reliably estimated. Not only the expected
mean but also the expected variance of a series o:' observations may be calculated;
for it is readily shown that the average theoretical contribution of each single
observation to the total variance is (n+1)/12(n--1)-an expression which takes
high values in small sibships and approximates to 1/12 as the sibship size increases."

In contrast to the Greenwood-Yule Method (Greenwood and Yule, 1914),
Slater's analysis offers a means of detecting heterogeneity.

Findings: Birth Order
Tables 6 and 7 show the distribution of birth crder of spontaneous abortions

in each of the two samples; table 8 shows how the mean birth order, the

TABLE 6. ORDER OF BIRTH OF 241 SPONTANEOUS ABORTIONS
IN THE ISR SAMPLE

Order in Sibship
Sibship 1 2 3 4 5 6 7 8 9 10
Size

1 19
2 11 13
3 18 9 15
4 22 16 18 12
5 11 7 6 8 11
6 4 5 5 4 4 3
7 2 1 2 3 2 4
8 1 1
9

10 1 1 1
11 1

TABLE 7. ORDER OF BIRTH OF 180 SPONTANEOUS ABORTIONS
IN THE ISR SAMPLE 2

Order in Sibship
Sibship 1 2 3 4 5 6 7 8 9

1 40
2 20 23
3 19 14 1 1
4 6 6 7 8
5 1 4 2 2 3
6 1 1 1 1 1
7 2 1 1 1 1 1 1

9 1
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variance and the standard error of the mean have been calculated for the pooled
sample. The pooling is felt to be justified by the similarity of the two samples.
Of course, by including a group of women with short reproductive lives (the
ISR Sample 2) any age-effect would be lessened. But it may be verified that the
relevant parameters of the two distributions are very similar. The principal con-
clusion is that the mean birth order of the abortions was 0.4846 with a standard
error of 0.02157. These values are compatible with the hypothesis that birth
order per se has no influence on the probability that a pregnancy will abort.
It is true that the total variance observed, 60.81, is slightly higher than the
expected value of 57.82, so the possibility of heterogeneity is not ruled out,
although the limited extent of this difference would seem to rule out any
marked age-effect in the majority of cases.

In interpreting these results, one makes the assumption (as one does with
the Greenwood-Yule method) that fertility is not affected by an affected birth.
If fertility were increased after such a birth, the analysis would yield the
spurious suggestion that abortion risks are higher in the lower birth orders. It
has been shown that this assumption is violated-a woman is more likely to
engage in a further pregnancy after an affected birth. However, this excess
fertility diminishes with birth order; to demonstrate this, data were taken on
those ISR women who had aborted an arbitrarily chosen value of 30 per cent
or more of their pregnancies. They will be called the "abortion-prone" sub-
sample. Within this subsample the incidence of spontaneous abortion among
terminal (i.e., for each woman, the last pregnancy in her history) pregnancies
was compared with the corresponding figure for their other pregnancies. For this
purpose, women with only one pregnancy were omitted, and in those cases
where the history ended with an induced abortion, the terminal pregnancy is
taken as the last one which is not artificially terminated. The incidence of spon-
taneous abortion among the terminal pregnancies of abortion-prone women
was 50.7 per cent and the incidence of spontaneous abortion among other
pregnancies of abortion-prone women was 53.5 per cent. These incidences seem
sufficiently close to warrant the conclusion that an abortion is followed only by
additional fertility if it occurs relatively early in the sibship (otherwise these
terminal pregnancies would show a less marked tendency to abort). This being
so, the spurious negative birth-order effect would not be expected to be very
great in the present case. It follows that if there really is a positive birth-order
effect (i.e., if the "causal" hypothesis is true), then it must have been verv
slight to have been swamped by a statistical artifact which it has been argued,
must be small.

So it seems to follow that there is little evidence for the causal hypothesis;
per se neither birth order nor, by inference, maternal age affect the probability
that a pregnancy will abort.

Maternal Age
It is usual, in identifying a maternal age-effect, to contrast the frequency

distribution of maternal ages of affected births with a comparable distribution
for normal births. The maternal age distribution for spontaneous abortions and
for all live births in the ISR Sample are contrasted in Fig. 1.
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FIG. 1. Pregnancies in the ISR Sample. Percentages of total abortions and of total live
births occurring at the given coded maternal ages.

This point will be treated cursorily only for two reasons: (a) It is debatable
whether any available maternal age distribution is strictly comparable with the
distribution for abortions here presented because it is known that the ISR
Sample is not a representative sample of the American population (Gebhard
et al., 1958, pp. 18-23); (b) in any case, this form of analysis does not
discriminate between the "causal" and the "artifact" hypotheses.

For these reasons the question of maternal age will not be further treated.
This perhaps is not too serious, for as Slater (1962) says: "Even when we are
primarily interested in maternal age, we may find that birth order supplies more
reliable information...it may not be safe to compare maternal age for groups
derived from different regions, different social classes, or different epochs. The
subject's own sibship provides the control data which can be relied on to
equalize such adventitious differences, if the datum taken is birth order."

A Further Test
To put the two hypotheses to a test, it was conjectured that if the causal

hypothesis were true, then the correlations of abortion rates with maternal age
and with gravidity should appear in at least one of the subsamples, the abortion-
prone and the abortion-resistant subsamples. To check this, spontaneous abor-
tion rates were computed by 5-year age intervals within both of the ISR
subsamples. Secondly, spontaneous abortion rates were computed by gravidity
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rank within each of the subsamples (for this purpose, induced abortions were
acknowledged in the following sense: for a woman whose history comprised an
induced abortion for her first pregnancy and a spontaneous abortion for her
second, only one entry is recorded-a spontaneous abortion for gravidity
rank 2).

In the subsamples, the results for the lowest two maternal age categories
were pooled. Then the percentages of pregnancies aborting in advancing age
categories in the abortion-prone subsample were 58.4, 52.7, 56.2 and 53.6.
The corresponding figures for the abortion-resistant subsample were 2.2, 3.5,
2.6 and 2.9. The percentages of pregnancies aborting in the first four birth
orders in the abortion-prone subsample were 60.8, 55.0, 57.3 and 46.4. For
subsequent birth orders, the over all percentage was 53.0. The corresponding
figures for the abortion-resistant subsample were 2.3, 0.3, 2.9, 4.3 and 5.3.
The percentages italicized are for totals of between 50 and 100; all other totals
exceed 100. One would conclude that spontaneous abortion rates remain largely
unaffected by age. The figures for birth order are not so conclusive. In abortion-
prone women there seems no evidence for a birth order effect, but in abortion-
resistant women there is a slight rise in incidence from the second birth rank
onwards. However, even if this rise is not due to chance, it is associated only
with a small minority of abortions.

It is concluded that the lack of association of spontaneous abortion rates with
age or with gravidity within either of these subsamples strongly militates against
the theory that there is a direct causal connection between age and/or gravidity
and the great majority of spontaneous abortions.

Assuming then, that the "causal" hypothesis is not true, it is interesting to
examine the basis of the correlations which, confusingly, lend it credence. For
this purpose, the mean number of pregnancies in the abortion-prone and
abortion-resistant subsamples will be contrasted. It should be noted at the outset
that the following considerations merely attempt to explain the origin of the
correlations which make the "causal" hypothesis plausible; thev are in no way

TABLE 8. CALCULATION OF MIEAN BIRTH ORDER OF 362 SPONTANEOUS
ABORTIONS FROM SIBSHIPS OF 2 OR MORE IN THE POOLED SAMPLE

AND OF STANDARD ERROR OF MEAN

Sibship Size No. Sum of Values Sum of Square!

2 67 36.0000 36.0000
3 86 37.5000 31.7500
4 95 44.0000 33.5556
5 55 28.2500 22.3125
6 30 13.6000 9.2000
7 22 12.5000 9.8611
8 1.5714 1.3265
9 1 0.0000 0.0000
10 3 1.8889 1.7901
II

Totals
Mean
Correction term
Total variance
S. E. of mean

1

362

0.1000
175.4103

0.4846

0.02157

0.0100
145.8058

84.9966
60.8092
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intended to add directly to the evidence against the "causal" hypothesis. For
if the "causal" hypothesis were true, then women ascertained by aborting would,
on the average, be older at pregnancy and have had more pregnancies anyway.
For this observation I am indebted to Professor L. S. Penrose.

Mean Number of Pregnancies of Abortion-Prone and Abortion-Resistant Women
In the search for an explanation of the apparently unabated incidence of

several disorders avainst which there is known to be genetic selection, it has
been noted that parents are inclined to compensate for a fetal or infantile
death by initiating a further pregnancy. This has been reported, for instance,
in microcythemia (Silvestroni, Bianco, Montalenti and Siniscalco, 1950),
acholuric jaundice (Race, 1942), and erythroblastosis fetalis (Glass, 1950).
Such a tendency to compensate for fetal loss ias also been reported among
women with a high incidence of spontaneous abortion (Winkelstein, Stenchever
and Lilienfeld, 1958). However, since these abortion-prone women had been
ascertained by having survived one or more mvocardial infarctions, the point
needs clarification.

Using a t test, it was found that the aborticn-prone subsample had had a
higher mean number of pregnancies (2.79) than the abortion-resistant sub-
sample (2.42). (t 3.07, p<0.01.)

The causes of these additional pregnancies among the abortion-prone women
are not germane to this report; however, since it seems that they may be readily
identified, I shall try to identify them. I have no data on the contraceptive
practice of the ISR Sample; however, data provided by Reed and Kelly (1957)
on a comparable group of women were examined. For each woman, the third
pregnancy was classified by whether it was live or aborted, and the subsequent
pregnancy (i.e., the fourth) was classified by whether it was preceded by
contraceptive efforts or not. Pregnancies between which an intervening induced
abortion had occurred were not counted, and stillbirths wvere counted as spon-
taneous abortions. Table 9 shows the frequencies (in Reed and Kelly's sample)
of contraceptive practice prior to the fourth pregnancy, by the outcome of the

TABLE 9. PREGNANCIES OF WVOMEN ];N REED AND KELLY'S
(1957) SAMPLE

Frequencies of Planned vs. Unplanned Pregnancies of Gravidity Rank 4
by the Outcome of the Immediately Preceding Pregnancy

Outcome of preceding Subsequen- Pregnancy
(index) pregnancy (Unplanned despite contraception) (No planned contraception)

Abortion or stillbirth 1 18
Live birth 10 23

For this partition and the more extreme one, the sum of Fisher's exact probabilities is
p = 0.032.

index (third) pregnancy. The sum of Fisher's exact probabilities for this
partition and the more extreme one is p = 0.032. It may be verified that
similar extreme partitions are vielded if the first or second pregnancies are
chosen as index. It may be inferred then that spontaneous abortions are more
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likely than live births to be followed by planned pregnancies (i.e., pregnancies
occurring in the absence of contraceptive efforts).

Fisher (1930) had suggested that families tend to fill up to a certain average
size for a given population or stratum within the population, and the point has
received confirmation from, inter alia, the Indianapolis Study (Kiser and
XWhelpton, 1958). It seems that for many people the ideal family size is two
children; it is suggested therefore that abortion-prone women repeatedly under-
take pregnancies in order to achieve this ideal; it simply takes more pregnancies
in their case.

Mean Age At Pregnancy of Abortion-Prone and Abortion-Resistant Women
It has been argued that the correlation of spontaneous abortion rates with

gravidity is due to the fact that abortion-prone women have more pregnancies
on the average. It may also be shown that abortion-prone women have preg-
nancies at more advanced ages on the average. In the ISR Sample, the ages at
pregnancy were coded in 5-year intervals (16-20 = 1; 21-25 - 2....41-45

6). The mean coded age at pregnancy of abortion-prone women was 3.29,
while the corresponding figure for abortion-resistant women was 3.09. For the
difference, t 4.02 and p<0.01. It follows that within maternal age categories,
the proportion of gravidae who are abortion-prone correlates with maternal age.

SUMMARY AND CONCLUSIONS

1. Abortion-probability varies from woman to woman but remains relatively
constant within a given woman.

2. Abortion-prone women have more pregnancies, on the average, than other
women.

3. Abortion-prone women have their pregnancies at higher ages, on the average,
than other women.

4. These facts (rather than a direct causal nexus) account, partially at least,
for the correlation of spontaneous abortion rates with maternal age and
with gravidity.

5. The outcomes of adjacent pregnancies show no evidence of positive correla-
tion with one another.

6. Selective application of contraceptive techniques after families have reached
the desired number of live births, interferes with the randomness assumed
by interpretations based on curve-fitting procedures.

7. The data here examined seem inadequate to discriminate between the
hypotheses that abortion-probabilities are: a) normally distributed, and
b) bimodally distributed.

8. This question is unlikely to be settled (using the present methods anyway)
until data are available which separate induced from spontaneous abortions
in a population which does not use contraceptive methods.
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