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Fetal loss rates and their relation to pregnancy order
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SUMMARY Much of the recent controversy surrounding the relation between fetal death and
pregnancy order has centred around the appropriateness of different types of analyses. In the
present paper the interpretation of various methods are discussed with reference to "real" and
"hypothetical" data. The pattern of results obtained when the fetal loss rates of a group of
pregnancies are tabulated by pregnancy order was found to depend on the risk and parity
distributions of the study population. These two parameters did not, however, appear to affect the
within "sibship" or "gravidity" group patterns. These findings support the hypothesis that the
frequently observed increase in fetal death rates in pregnancy orders above two could be largely
artifactual. It is concluded that in any investigation of reproductive events women, and not their
pregnancies, should form the prime unit of analyses.

The nature of the relation between fetal loss and
pregnancy order has long been the subject of debate.
Much of the controversy has concerned the suitability
and interpretation of different methods of study and
analyses.
When the fetal loss rates of a group of pregnancies

are tabulated by pregnancy order they tend either to
increase with increasing pregnancy order"q or form a
J-shaped curve, the lowest rate being found in second
or third pregnancies and the rate subsequently
increasing with each successive increase in pregnancy
order."-"0 This pattern has, by tradition, been thought
to reflect some biological process-a woman's risk of
fetal loss increasing after her second pregnancy with
each successive increase in pregnancy order. In this
type of "cross sectional" analysis the pregnancy is
treated as the prime unit of observation, and it is
implicitly assumed that all women experience the
same loss rates at the same pregnancy orders. It is,
however, generally accepted that some women are at
a greater risk of fetal death than others,24 11 and
several authors have pointed out that the fetal loss
rates calculated at higher pregnancy orders are likely
to be weighted towards high risk women, since
women who have fetal losses often compensate for
their losses by having more pregnancies than women
who have live births.4 8 1012-20
One method of investigating the association

between pregnancy order and fetal loss in the
presence of reproductive compensation and risk
heterogeneity is to divide the women into groups

2S

according to the total number of pregnancies they
have had ("gravidity" or "sibship" groups) and
tabulate the fetal loss rates of each group by
pregnancy order. In this "longitudinal" type analysis
the women, not their pregnancies, are the prime units
of observation and a reproductive history is required
for each woman. Within gravidity or sibship groups
the association between fetal loss andpregnancyorder
is not J-shaped: the fetal loss ratesdo not increase with
each successive pregnancy after the second and fall to
their lowest level in the last pregnancy order of the
group.10141619 This finding has been offered as
support for the view that the relation between fetal
loss and pregnancy order observed in cross sectional
analysis is largely artifactual.10 16 17 19 Recently,
however, this "method" has been criticised on the
grounds that it is not appropriate when birth control
is practiced.2> More specifically, Golding and
colleagues used a variety of assumptions to generate
a series of hypothetical pregnancy order specific fetal
loss rates and concluded that the longitudinal
approach to fetal and perinatal risk analysis was
grossly misleading.22 23

In the present paper the problems and biases of
various types of analyses are illustrated and discussed
with reference to real data and the model of Golding
et al.22

Data

The data presented here come from a survey of
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women doctors that has been fully described in the
past.9 1924 These data are particularly suitable for
studying the relation between fetal loss and
pregnancy order. The women were asked to list all
their pregnancies and for each pregnancy the
outcome and the date of birth or fetal loss was
requested. Many of the reproductive histories were
complete: the average age of the gravida being.384
years. Since the women were not selected because
they were pregnant the data do not suffer from the
biases associated with obstetric patients.
Furthermore, although women doctors are not
representative of the general population, they are a
socially homogenous group who might be expected to
report their reproductive history with some accuracy.
The categories of pregnancy outcome specified in

the questionnaire were: live birth, stillbirth, ectopic
pregnancy, induced abortion, and spontaneous
abortion. Women who reported outcomes other than
singleton live birth, stillbirth, or spontaneous
abortion and those whose records were in any way
incomplete have been excluded from the analyses.

Results

DATA
Table 1 shows the numbers of live births, fetal deaths,
and fetal death rates (%) reported by the women
doctors. The rates are tabulated by the order of the
pregnancy and the gravidity (total pregnancies) of
the women. The overall fetal death rates of each
pregnancy order and gravidity group are given in the
far right hand column and penultimate row
respectively. The gravidity distribution of the women
is shown in the bottom row.
When all women and pregnancies are combined

fetal death rates (far right of table 1) vary with
pregnancy order in the classic J-shaped manner: the
rates for pregnancy orders one to six being 12-6%,
11-5%, 13.3%, 17-1%, 20-9%, and 25*3%
respectively. Within gravidity groups (columns),
however, the fetal loss rates tend to remain fairly
constant until the las't pregnancy order of the group
when they fall to their lowest point. For example,
among the 369 women of gravidity four the fetal loss
rates in pregnancy orders one to four were 23-0%,
18-4%, 16-8%, and 9.8% respectively; and among
the 137 women of gravidity five the fetal loss rates in
pregnancy orders one to five were 27-0%, 26-3%,
29v9%, 27-0%, and 13.9% respectively.
The relation between gravidity and the total fetal

loss rate of each gravidity group (penultimate row) is
also J-shaped: the rates for gravidities one to seven or
more being 11-9%, 4.7%, 10-6% 17.0%, 24.8%,
29.4%, and 31'6% respectively. Similarly, in
pregnancy order one the fetal death rates vary with
gravidity (rows) in a J-shaped fashion: the lowest rate
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Table 1 Numbers oflive births (LB), fetal deaths (FD), and
fetal death rates (%)

Pregnancy Gravidity
order

1 LB
FD

FD rate (%)

2 LB
FD

FD rate (%)

3 LB
FD

FD rate (%)

4 LB
FD

FD rate (%)

5 LB
FD

FD rate (%)

6 LB
FD

FD rate (%)

7 LB
FD

FD rate (%)

Total LB 459
FD 62

FD rate(%) 11*9

No women 521
% 18-4

1 2 3 4 5 6 7

459 924 659 284 100 34 19
62 50 93 85 37 21 9

11-9 5 1 12-4 23-0 27-0 38-2 32-1

932 655 301 101 40 19
42 97 68 36 15 9
4-3 12-9 18-4 26-3 27-3 32-1

703 307 96 38 19
49 62 41 17 9
6-5 16-8 29-9 30-9 32-1

333 100 34 21
36 37 21 7
9-8 27-0 38-2 25-0

118 42 14
19 13 14

13-9 23-6 50 0

45 17
10 11

18-2 39-3

1856
92
4-7

974
34-4

2017
239
10-6

752
26-5

1225
251
17-0

369
13-0

Total

2479
357
12-6

2048
267
11-5

1163
178
13-3

488
101
17-1

174
46

20-9

62
21

25-3

25 25
3 3

10-7 10-7

515 233 134 6439
170 97 62 973
24-8 29-4 31-6 13-1

137 55 28 2836
4-8 1-9 1-0 100

occurring in gravidity two and the rate subsequently
increasing with each successive increase in gravidity.
The influences of reproductive compensation and

risk heterogeneity on the pattern of rates shown in
table 1 are discussed below.

Reproductive compensation
The low fetal death rate in the last pregnancy order of
each gravidity group and at least part of the increase
with gravidity in the pregnancy order specific loss
rate (table 1) may be explained by reproductive
compensation: a woman who has prior fetal loss
being more likely to have further pregnancies than a
woman who has a prior live birth and thus being more
likely to move into a higher gravidity group. That this
process was operating within the data presented here
may be seen from table 2, where the continuation
rates (%) following different pregnancy sequences
are tabulated by sequence length and the numbers of
live births within the sequence: X represents a fetal
loss and 0 a live birth. The numbers of women
reporting the pregnancy sequences are shown in
brackets. The continuation rates following five or
more pregnancies are not shown because of small
numbers.
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Table 2 Continuation rates (9) following different pregnancy sequences
Sequence length

No of
lve births 1 2 3 4 Total

0 X=82-6 (357) XX=81-6 (49) XXX=73-3 (15) XXXX=25 0 (4) 81-6 (425)

1 0 =81-5 (2479) OX=84-9 (218) OXX=86-7 (30' OXXX=75 0 (4) 81-8 (3041)
XO=83 3 (246) XOX=85-2 (27) XOXX=100O0 (2)

XXO=72O0 (25) XXOX=66-6 (3)
XXXO=71-4 (7)

2 00=50-6 (1802) OOX=65-1 (106) OOXX=92-9 (14) 52-0 (2351)
OXO=47-1 (155) OXOX=57-1 (21)
XOO=56-2 (178) OXX0=63-6 (22)

XOOX=76-5 17)
XOXO=47 6 (21)
XXOO=46-7 (15)

3 000=33 4 (805) OOOX=52 8 (36) 33-9(1031)
OOXO=34-5 (55)
OXOO=30*8 (52)
XOOO=32 5 (83)

4 0000=24-5 (233) 24 5 (233)

Total 81-6 (2836) 57-9 (2315) 43-9 (1341) 37-4 (589) 63-0 (7081)

X=Fetal death.
0=Live births.
( )=Number of women

Of the 357 women whose first pregnancy ended in
fetal death (X), 82*6% had a further pregnancy as did
81-5% of the 2479 women who had a live birth (0).
The 521 women who had no more pregnancies are
the women of gravidity one (table 1). Thus whether
or not the first pregnancy ends in fetal death does not
appear to influence the continuation rate: just over
80% of the 2836 women who had a first pregnancy
subsequently had one or more additional
pregnancies.
The continuation rates following two, three, or

four pregnancies tend to fall as the number of live
births increases (columns of table 2). For example,
the continuation rates for the pregnancy sequences
XXO, XOO and 000 were: 72*0%, 56-2%, and 33-4%
respectively. Hence, about two thirds (536) of the
805 women who had three consecutive live births
(000) had no further pregnancies. These women

contributed to the fetal death rates observed in
gravidity three (table 1). About half the women who
had one prior loss (XOO) and three quarters of those
who had two (XXO) moved to a higher gravidity
group. Thus the reproductive compensation process

causes the pregnancy order specific fetal death rates
to increase with increasing gravidity (rows of table 1).
The continuation rates of women who have the

same numbers of live births are broadly similar (rows
of table 2): the rates following zero, one, two, and
three live births being about 80%, 80%, 50%, and
30%, respectively. There, is however, some
suggestion that the continuation rates among women

who have recurrent losses are low: the rates following
one, two, three, and four consecutive fetal deaths
being: 82*6%, 81*6%, 73*3%, and 25*0%.
The number of women whose pregnancy history

ends with a fetal death is comparatively small. For
example, the pregnancy sequences OOX, OXO, and
XOO were reported by 106, 155, and 178 women
respectively, and the continuation rates following
these sequences were 65-1%, 47-1%, and 56 2%
respectively. Hence, only 37 of the 106 women who
had a OOX pregnancy sequence remained in gravidity
three as compared with 82 of the 155 women who
had a OXO sequence and 78 of the 178 women who
had an XOO sequence. This trend ensures that within
gravidity groups the fetal death rate in the last
pregnancy order is low (table 1).

Risk heterogeneity
That different women suffer different fetal death
rates at the same pregnancy orders may be seen from
table 3 where the fetal death rates in pregnancy
orders one to three are arranged by pregnancy order
and previous pregnancy outcome. The combined
fetal death rates given on the far right hand side of
table 1 are in the bottom row of table 3.
Of the 2479 women whose first pregnancy ended

in a live birth, 1802 had a further live birth in
pregnancy order two and 218 a fetal loss: a fetal
death rate of 10*8%. Of the 357 women whose first
pregnancy ended in fetal death, 246 had a live birth in
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Table 3 Numbers of live births (LB), fetal deaths (FD),
and fetal death rates (%) arranged by pregnancy order and
previous outcome

Pregnancy order

1 2 3

LB=2479 - LB= 1802 LB= 805 -

I F~~~~~~~~~~11*6%\ -10-8% ~~FD= 106

12-6% sFD= 218 - LB= 155
~~~ F~~16-2%

FD= 30-'
FD= 357 LB= 246 1- LB= 178}

I~~~ F~13-2%
\ -16-6% FD= 27

XFD= 49- LB= 25
1-37-5%

FD= 15-

Total
LB=24791 -

LB=2048
-

LB= 11631
-3126% - 1-5%6-13-3%FD= 357- ~ FD= 267-1 FD= 178-I

pregnancy order two and 49 a fetal death: a loss rate
of 16.6%. These two rates, which combined give an
overall fetal death rate of 11-5%, are significantly
different (x2 = 8-6, 1 df, OO1<p<005).

In pregnancy order three the loss rate among the
911 women who had no prior fetal deaths was 11 *6%.
The loss rates in the two groups of women who had
one prior fetal death were slightly, although not
significantly, greater. The 40 women whose first and
second pregnancies ended in fetal death had a loss
rate of 37-5% in their third pregnancy: this rate is
significantly greater than each of the other three rates
in pregnancy order three.

In general, within pregnancy orders four and five
the results were similar; women with no prior losses
had the lowest fetal death rates and women with no
prior live births the highest.
These findings imply that within pregnancy orders

different women are subject to different risks of fetal
death. In the presence of reproductive compensation
risk heterogeneity enhances the trend for the
pregnancy order specific fetal death rates to increase
with increasing gravidity (rows in table 1).
Furthermore, variable risk could explain why the
combined rate increases with increasing pregnancy
order whereas gravidity specific rates do not
(columns, table 1): at higher pregnancy orders the
combined rate will be weighted towards "high risk"
women.

The model
Recently, the validity of dividing women into
gravidity groups has been questioned Golding et al
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calculated a series of pregnancy order specific fetal
death rates using the following assumptions22:

(a) the proportion of pregnancies ending in fetal
death was constant at 15%;

(b) the family size preference of the population
was 1=15%, 2=30%, 3=30%, 4=15%, 5=6%,
6=2%, -7=2%;

(c) after any one pregnancy, regardless of
outcome, 10% of women became infertile.

Thus 15% of the population had a fetal death in
pregnancy order one and 85% had a live birth:
19-975% (0.85 x 0415 + (0.85 - (0.85 x 015))
0.1) x 100 had one live birth and no further
pregnancies- a continuation rate of 76%: 1.5%
(0.15 x 01 x 100) had one fetal death and no
further pregnancies-a continuation rate of 90%: and
so on.

Models of fetal death can, however, be made to
produce a large number of patterns and the
conclusions drawn depend largely on how the results
are presented. Table 4 gives the hypothetical fetal
death rates generated by the above model.
The pattern of rates shown in table 4 is in many

ways similar to that presented in table 1: at any given
pregnancy order the rate rises with increasing
gravidity and within gravidity groups it remains
constant before falling to its lowest level in the last
pregnancy order. In the "real" data (table 1) these
trends were interpreted here and elsewhere16 19 in
terms of reproductive compensation; and in the
model (table 4) they are directly caused by the
reproductive compensation assumption (b). The
assumption (a) of a constant fetal death rate at each
pregnancy order is thus reflected within gravidity
groups. If the data shown in table 4 were real one
could correctly conclude that the fetal loss rates did
not alter, on average, with pregnancy order and that

Table 4 Fetal loss rates (%) generated using the (1982)
assumptions of Golding et a122

Gravidity
Pregnancy
order 1 2 3 4 5 6 27 Total

1 7-0 10-8 15-5 22-1 26-4 29-3 29-1 15-0
2
3
4
5
6
7

4-4 15-5 22-1 26-4 29-3 29-1 15-0
3-3 22-1 26-4 29-3 29-1 15-0

2-9 26-4 29-3 29-1 15-0
2-8 29-3 29-1 15-0

2-9 29-1 150
15-0 15-0

Total 7-0 7-6 11-4 17-3 21-7 24-9 27-1 15-0

Distribution
ofwomen(%)21-47 26-96 23-54 14-37 7-36 3-39 2-91 100
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reproductive compensation was probably operating
within the population being studied. If, on the other
hand, the risk of fetal death varied with pregnancy
order in a systematic fashion (either increasing or
decreasing) the within gravidity group rates would
consistently show this pattern.

Golding et al noted that when women with seven or
more pregnancies were excluded from the analysis
shown in table 4 the overall pregnancy order specific
rates fell as pregnancy order increased (table 5)22;
and on the basis of this result they concluded that
within gravidity group analyses were misleading.
Their results, however, simply reflect the fact that a
reproductive compensation assumption (b) was built
into their model. The exclusion of high gravidity
women only affects the combined "cross sectional"
rate (table 5), it does not influence the within
gravidity group rates (table 4). Hence, an
examination of these rates would not, as the authors
claimed, have led to the erroneous conclusion that
fetal death risk fell as pregnancy order increased.

Table 5 Pregnancy order specific fetal loss rates: (a) all
and (b) women with fewer than seven pregnancies from
Golding et all2

Pregnancy order

1 2 3 4

(a) 15-0 15-0 15-0 15-0

(b) 14-6 14-5 14-1 13-4

One difference between the hypothetical rates
(table 4) and the real rates (table 1) could stem from
the model's assumption of equal risk. The addition of
a variable risk assumption to the model of Golding et
all' causes the combined rate to rise in the absence of
any within gravidity group change. As an example,
table 6 shows the rates generated by assuming that
90% ofwomen experience a loss rate of 15% and 10%
a loss rate of 50%. The 50% loss rates are shown in
table 7. If the hypothetical rates given in table 6 come
from a real population the inconsistency between the
combined and within gravidity group pattern could
lead to a heterogeneity of risk factor hypothesis. If
however, the combined rates were presented on their
own one could mistakenly postulate that fetal death
risk increased with increasing pregnancy order.

In table 1 both the pregnancy order specific
combined fetal death rates (far right hand column)
and the gravidity specific fetal death rates (rows)
exhibit a J-shaped pattern. These trends depend on
the family size assumption (b) and can be reproduced
without assuming that fetal death rates vary with
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Table 6 Fetal loss rates (%) generated by adding risk
heterogeneity to the assumptions of Golding et al: 15%
loss risk for 90% of the population and a 50% loss risk for
10%

Gravidity
Pregnancy
order 1 2 3 4 5 6 P7 Total

1 8-8 12-9 17-8 25-1 30-6 35-7 43-7 18-5
2 5-7 17-8 25-1 30-6 35-7 43-7 18-7
3 4-5 25-1 30-6 35-7 43-7 19-4
4 4-4 30-6 35-7 43-7 20-7
5 4-8 35-7 43-7 23-0
6 5-4 43-7 25-8
7 29-2 29-2

Total 8-8 9-3 13-3 19-9 25-4 30-6 41-6 19-5

Distribution
ofwomen(%)21-0 26-01 22-8 14-29 7-69 3-84 4-37 100

Table 7 Fetal loss rates (%) generated using the
assumptions of Golding et alP2 and fetal loss risk of 50%

Gravidity
Pregnancy
order 1 2 3 4 5 6 -7 Total

1 29-9 43-2 48-6 53-5 57-4 60-5 653 50
2
3
4
S
6
7

23-9 48-6 53-5 57-4 60-5 65-3 50
20-6 53-5 57-4 60-5 653 50

18-3 57-4 60-5 65-3 50
17-0 60-5 65-3 50

16-0 653 50
50-0 50

Total 29-9 33-5 39-3 44-7 49-3 53-1 63-1 50

Distribution
ofwomen(%)16-75 17-43 16-15 13 58 10-64 7-92 17-55 100

pregnancy order. As an example, table 8 shows the
fetal death rates generated by altering the family size
preference of the hypothetical population as follows:
1=5%, 2=30%, 3=40%, and >4=25%. In this
model only a few women stop after having had one
child and comparatively more desire three. This
modification causes the gravidity specific fetal death
rates (rows) to vary with gravidity in a J-shaped
manner, the lowest rate occurring in gravidity two
(table 8). The fetal death rates generated by
assuming that 90% of the population conforms to this
pattern and 10% to that shown in table 7 are given in
table 9. This model combines risk heterogeneity with
variijble reproductive compensation: it being
assumed that "high risk" women, who are more
likely to experience recurrent losses, may have to
settle for smaller families than "low risk" women.
This causes the combined cross sectional fetal death
rates to vary with pregnancy in a J-shaped fashion;
the rates for pregnancy orders one to four being 18 5,
18-2, 18-8, and 20-3 respectively.
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Table 8 Fetal loss rates generated using the assumptions of
Golding et all' but a family size preference of: I = 5%,
2 = 30%, 3 = 40%, ;4 = 25%

Gravidity
Pregnancy
order 1 2 3 34 Total

1 108 70 12-6 26-1 150
2 4-8 12-6 26-1 15-0
3 3-1 26-1 15-0
4 15-0 150

Total 10-8 5-9 9-4 23-3 15-0

Distribution
of women (%) 13-82 26-68 28-66 30-84 100

Table 9 Fetal loss rates (%) generated by combining two
hypothetical populations (a) and (b) in the proportions 9:1.
Population (a) having a 15% fetal death rate and a family
size preference of:1 = 5%,2 = 30%,3 = 40%,a'4 = 25%
and (b) having a 50% fetal death rates and a family size
preference of I = 15%,2 = 30%,3 = 30% and :4 = 25%

Gravidity
Pregnancy
order 1 2 3 :o4 Total

1 13-1 9.1 14-7 31-2 18-5
2 6-1 14-7 31-2 18-2
3 4-1 31-2 18-8
4 20-3 20-3

Total 13-1 7-6 11-2 28-5 18-7

Distribution
of women (%) 14-11 25 76 27-41 32-72 100

Discussion

The findings presented here support the hypothesis
that the frequently observed increase in fetal death
rates in pregnancy orders above two could be largely
due to the interaction of two variables-reproductive
compensation and risk heterogeneity. The observed
relation between fetal death and pregnancy order in a
cross section of pregnancies will thus depend on the
distribution of these two factors.
That different women are probably subject to

different, but in many cases relatively constant, risks
of fetal death does not, however, mean that an
individual woman's risk cannot change. Although the
magnitude and manner of the increase may be
disputed, most workers agree that the risk of fetal
death among women who became pregnant towards
the end of their reproductive lives is comparatively
high. 2 25 26 Moreover, an individual's risk of fetal
death can obviously be altered by a past exposure or

event, one such event being a prior pregnancy. This
pregnancy could in some cases lead to a woman being
more likely to have a miscarriage or a stillbirth in a
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subsequent pregnancy. On the other hand, the ability
ofsome women to deliver a healthy term baby may be
improved by the experience of a previous pregnancy.
It is, for example, widely believed that first
pregnancies are, if anything, at a higher risk than
second. Moreover, the fetal death rates of women
who have no prior fetal deaths are usually found to be
comparatively low, Indeed, the current climate of
opinion seems to be moving towards the view that in
most populations increasing pregnancy order, per se,
does not, on average, cause an increase in fetal death
risk. Hence, much of the controversy concerning the
interpretation of fetal death rates and their relation
to pregnancy order is largely academic. It is, however,
clear from many studies that variation between
women should be taken fully into account when
investigating reproductive events or variables, such
as gestational age, birth weight, or pregnancy
interval. Dividing women into gravidity or sibship
groups is only one way of analysing reproductive
history data. The suitability and interpretation of
this, or alternative, methods depends largely on the
nature of the investigation and the data that are
available.

Previous work by Valerie Beral and Eva Alberman
has contributed to this paper. I am grateful to them
for their continued interest and support.
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