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We analyze the association between the rates of
multiple maternities. Correlation analysis is
suitable if there are at least monotonic relationships
between the variables. A decreasing tendency can
be observed in the rates of multiple maternities in
Sweden and in its 25 counties for the period
1751-1960 and the effect of external variables can
be assumed to be monotonic. After 1960, the rates
of multiple maternities show marked increases,
mainly caused by ovulation stimulants and the intro-
duction of other artificial reproduction techniques.
We transformed the triplet and quadruplet rates
according to Hellin's law in order to obtain rates on
the same scale as the twinning rate. The time
trends for the multiple maternities in Sweden as a
whole were quite similar. The regional differences in
the twinning rates could not be satisfactorily
explained by maternal age. Alternative attempts to
eliminate the effect of other time-dependent factors
were to study partial correlation coefficients when
the time was kept fixed and the correlation coeffi-
cients based on cross-sectional regional data. Both
the ordinary and the partial correlation coefficients
showed strong regional variation. Cross-sectional
analyses gave correlation coefficients similar to the
partial correlation coefficients for Sweden as a
whole. The variations in the correlation coefficients
between the twinning and the triplet rates seem
to be caused by other time-dependent factors
and the effects of these factors show strong
regional variation. After elimination of such factors,
the correlation between the twinning and the triplet
rates is moderate.

In earlier studies it has been noted that for popula-
tions and periods with high twinning rates (W) the
rates of higher multiple maternities are also high
(Eriksson, 1973; Eriksson & Fellman, 1973). In this
study we analyze the association between the rates of
multiple maternities based on both ordinary and
partial correlation coefficients, which are suitable if
there are approximately linear or at least monotonic
relationships between the variables. We present trans-
formations of the correlation coefficients in order to
introduce tests and confidence intervals (CI) for them.

In order to eliminate the effect of time-dependent
factors, we also study the partial correlation coeffi-
cients between the twinning and the triplet rates when
time is kept fixed and the correlation coefficients for
cross-sectional data. We analyze the association
between the rates of multiple maternities in Sweden
and in its 25 counties. In order to pursue the monoto-
nicity in these secular trends, we consider only the
period 1751-1960. After the 1780s, particularly, a
general decreasing tendency can be observed in
Sweden and, consequently, the effect of external vari-
ables can be assumed to be monotonic. After 1960,
the rates of the multiple maternities show marked
increases caused by the increased use of fertility drugs
and in-vitro fertilization. These increases are more
accentuated for the triplet (R) and quadruplet (Q)
rates than for the W. In order to obtain the same scale
and, consequently, to improve the comparisons
between the W and the R, we present some general
statistical results concerning variable transformations
and apply transformations based on Hellin’s law
(Eriksson & Fellman, 2004; Fellman & Eriksson,
1993; Hellin, 1895). In recent papers (Eriksson &
Fellman, 2004; Fellman & Eriksson, 2003), we have
compared the temporal trends in the W and the R for
Sweden since 1751. The trends in the W, R and Q
rates are presented in Figure 1. The general pattern of
the curves is rather similar. However, the minimum
quadruplet rate appears in the period 1931-1960. In
fact, during the whole period 1931-1955 no quadru-
plets were registered. We also stressed that the strong
secular and regional variations in the rates could not
be satisfactorily explained by maternal age. The ordi-
nary correlation coefficients between time, the W and
the R showed strong regional variation. The same
was observed when we eliminated the time and con-
sidered the partial correlation coefficients between the
W and the R. In an alternative attempt to eliminate
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Multiple maternities in Sweden, 1751-2000
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Figure 1

Temporal variation in the twinning rate and in the transformed triplet and quadruplet rates for Sweden, 1751-2000.

The twinning rates are given for 10-year periods and the triplet rates for 30-year periods up to 1960 and after that for 10-year periods,
and the quadruplet rates for 50-year periods up to 1900 and after that for three 30-year periods and one 10-year period.

the time dependency, we also considered the correla-
tions obtained in the cross-sectional regional data.
Therefore our opinion is that the variations are
caused by other influential, time-dependent factors
and that the effects of these factors show strong
regional variation. Our general conclusion is that,
after elimination of exogenous factors, the correlation
between W and R is moderate.

Material

We analyzed demographic data, pooled for 10-year
periods, between 1751 and 2000 in Sweden as a
whole (in short, Sweden) and to 1960 in its 25 coun-
ties. The Swedish data consist of 25,567,357
maternities, including 354,083 twin pairs, 4721
triplet sets and 112 quadruplet sets. For some coun-
ties the annual twinning data are occasionally missing
and therefore, in the study of the regional variation
the whole year for such counties is ignored. In spite of
this, we consider that the available data represent
whole decades. A detailed description of the available
data is given in Fellman and Eriksson (2003).

Methods and Results

Hellin’s Formula and Triplet Maternities

In Fellman and Eriksson (1993) we stressed that, if
one has to compare temporal or regional variation in
the rates of twin, triplet and quadruplet maternities,
reliable results are obtained if the rates are trans-
formed according to Hellin’s law (Hellin, 18935).

Although this law is by no means mathematically
exact, the transformed rates are all on the same scale
(Fellman & Eriksson, 1993). Hellin’s law can be con-
sidered as a simple probability model for the ovulation
of additional eggs. However, the discrepancies in the
observed twinning rates and the transformed rates of
triplets can, to some extent, be caused by temporal
and regional changes in the population structure, with
breaking up of the old static agrarian society as a con-
sequence of increasing industrialization and
urbanization. It seems that the triplet and especially
the quadruplet rates in Sweden have in earlier times
been considerably higher than Hellin’s empirical law
predicts. In Hellin’s simple formula no account is
taken of the different zygosity types in the sets of mul-
tiple maternities and the variation in maternal age and
parity. Nevertheless, the formula appears to provide a
relatively good rule of thumb for the order of magni-
tude of rates of multiple maternities in Sweden at least
up to the 20th century (Figure 1).

In the literature, one can find several attempts to
improve Hellin’s law. Allen (1960) has proposed one
method based on the zygosity of the twin pairs and
the triplet sets. Bulmer (1970) has later discussed this
method. This method requires information about the
sexes of the twin pairs and the triplet sets. In our
study of multiple maternities in Sweden, we have
information about the sex composition of the twin
pairs and the triplet sets for the period 1869-1878
(Berg, 1880) and decade data for the period
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1901-1960. Following the model proposed, we apply
Weinberg’s law and obtain the dizygotic (D) and
monozygotic (M) twinning rates. We also introduce
the numbers of unlike-sexed (U) and like-sexed (L)
triplet sets. According to the Allen-Bulmer model, the
rate of dizygotic triplets is 2MD and the total number
of dizygotic (T,) triplets is 2NMD where N is the
total number of maternities. The total number of
trizygotic triplet sets is

1= 3(U-uT)

and the number of monozygotic triplet sets is
1 1

T,=L--U-=-T,
3 3

Finally, it was assumed that the total number of
monozygotic triplet sets is proportional to M? and the
number of trizygotic triplet sets is proportional to D2,
Consequently, the improved Hellin’s formula is
R = k,M? + 2MD + k,D* For k, = k, = 1, the Hellin’s
law is obtained. Based on empirical data the factors
k, and k, should be estimated by the formulae

total number of monozygotic twins

k =

! >N .M

and

b - total number of dizygotic twins
L=

> N.D;
Using data from England and Wales, USA, and Italy,
Bulmer (1970) obtained the empirical formula

R = 1.36M? + 2MD + 0.47D?. This formula can be

Association Between the Rates of Multiple Maternities

written R = 1.36M? + 2MD + 0.47D* = M? + 2ZMD +
D? + 0.36M? - 0.53D%* = (M + D)* + 0.36 M? — 0.53D?
= W?+ 0.36M? - 0.53D>.

With respect to Hellin’s law, the correction is
0.36M?*-0.53D?. This is negative if D = 0.82M. The
dizygotic rate D is almost always greater than the
monozygotic rate M and, consequently, a deficit in the
triplet rate in comparison with Hellin’s law is
common. In our study of the multiple maternities in
Sweden, we have information about the sex composi-
tion of the twin pairs and the triplet sets for the
periods introduced above. Numerically, we obtain the
estimated model R = 1.39M? + 2MD + 0.44D* The
parameter estimates differ only slightly from Bulmer’s
and we observe also that in our result &, > 1 and
k, < 1. According to our formula, a deficit of triplet
sets compared with Hellin’s law is obtained if D =
0.84M. In fact, according to the data analyzed, D =
2.89M and the deficit is obvious. Our results are pre-
sented graphically in Figure 2. In this figure we
include the estimated R according to both Bulmer’s
and our parameter estimates.

Transformation of Random Variables

General. Our study of transformed variables is based
on the following general analysis. Consider a stochas-
tic variable X with the mean p, and the variance o2.
For the transformed variable Y = u(X), approximate
formulae for u, and o2 can be obtained in the follow-

Twinning rate and transformed triplet rates according to Hellin ( R}y),
Allen-Bulmer ( R 45) and this study ( Rgg)
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Figure 2

Graphical presentation of the twinning rate (W), the triplet rate transformed according to Hellin’s law (R,), according to the estimated Allen-

Bulmer model (R,,) and according to our estimated model (A,,).

In order to obtain all the curves on the same scale, the square roots of the estimated values are presented.
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ing way. If one takes the first two terms of the Taylor
series of Y = u#(X) at the mean u,, one gets

Y=u(X)zu(uX>+(j”j (X - 1) 1)
Consequently, o s
E(Y)=E(X))~u(u,) and Var(Y) {(Zj J gt 2)

Assume that an unknown parameter is 6 and the esti-
mator is 6. Using the variable transformations
presented above, a transformed parameter o = u(6)
has the estimator @ = u(f). According to the general
theory, it follows that if 6 is a maximum likelihood
(ML) estimator of 6, then & = u(6) is also an ML esti-
mator of w = u(6). The estimator & = u(6) has the
approximate mean E(®)~u(6) and variance

Var(®) {(;’ZD Var(6)

Tests of 6 and w = #(6) and can be based on # and
@ = u(0), respectively. Both 6 and @& are asymptoti-
cally normal, but if #(-) is nonlinear, both estimators
cannot be unbiased.

Transformation of the triplet rate. In this connection
we consider the rates in absolute proportions. For the
triplet rate one has to apply a square root transforma-
tion, R,, = VR, and for the quadruplet rate the cube
root transformation, Q,, = ¥Q. In Fellman and
Eriksson (1993) we have also proposed the R, =
arcsin(VR) transformation instead of the simple
square root transformation. The transformed rates
are attached with appropriate sub-indices (H for
Hellin and a for arcsin). If the general formulae (1)
and (2) are applied in this context we obtain

E(ﬁu) ~JR (3)
RUI-R) I-R

i
NEJ n o 4n

Var(R,) = [
and

E (ﬁu) & arcsin(\/ﬁ )

‘RU-B) 1

. i
Var(R,) ~(zx/z—ze\/ﬁj n  4n

In (3) and (4) léH and léa are the observed, trans-
formed rates. The triplet rate is small, R = 10~ and
consequently R and R, and the two alternatives give
almost similar values. If we compare the variances
Var( H) and Var(R)) we observe that the variance
formulae are also numerically almost identical, but
Var(R,) > Var(R,)). The arcsin transformation yields a
standard deviation (approximately) independent of
the initial level of the rate and is therefore proposed
in the statistical literature. In this paper, we use the
simpler square root transformation.

The estimators Wand R are unbiased ML estima-
tors and approximately normal. The transformed
estimators R, and R are still ML estimators of R, and
R.. They are approx1mately normal, but biased.

Confidence Intervals

In general, the confidence interval for an unknown
parameter is obtained in the following way. Consider
an unknown parameter 6 and its estimate 6 with the
standard error SE(6). We assume that 6 is asymptoti-
cally normal and

_0-0
SE(§) )

is asymptotically N(0,1). This is the case when 6 is an
ML estimator. Based on these results, we obtain for
the unknown parameter 6 the approximate 100(1 — «)
per cent confidence interval

(0-2,,5E@),6+z,,SE@))

where z,,,_ is the (1 - Y/,a) quantile of z.

Assume that we have obtained a reliable confidence
interval for the initial parameter 6, that is, we can
define the limits 6, and 6,, such that
P, <6<6,)=1-a (5)
If we assume that the transformation w = u(6) is
monotonic (increasing), then we obtain from (5) the
CI formula for u(0)

Plu(8,)<u(6)<u(6,))=1-a
which is as reliable as (5).

Correlation Analysis

General results. The testing of the estimated correla-
tion coefficients and the construction of Cls for them
are connected with a fundamental problem (for
detailed analyses, see Hald, 1967, Ch. 19-20; and
Kendall & Stuart, 1967, Ch. 26). Let the theoretical
correlation coefficient be p and the estimate r. For
Var(r) the simple but approximate formula

Var(r) = é(] -p’ )2

holds good. If the null hypothesis is p = 0, then the

standard test statistic is

r
t=An—-2—
2

B
which is approximately ¢ distributed with #-2 degrees
of freedom. This # test is mathematically equivalent to
the ¢ test of the regression coefficient in the simple
linear regression model.

However, the estimated correlation coefficient (7) is
asymptotically normal only for very large samples (n
> 500) and for small values of p. In order to eliminate
this problem, one has to perform the variable transfor-
mation described by Kendall and Stuart (1967, Ch.
26). We introduce the transformed variables

g:%,og(”pJ
I-p

for the theoretical, and

z= ’/zlog(j+ r)

—-r

for the empirical correlation coefficient. For small p
and 7, s = p and z = r. The transformed variable z is
already asymptotically normal for small samples (z >
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50) and reliable results can be obtained for even
smaller samples. If we apply the approximate formula
(1), we obtain

2
I+r I+p 1
=Y%logl — |= 1 + -p)=
z zog[]_rj zog{]_p] (l—pZJ(r £)

i 2
§+(1_sz (r=p)

E(z)=¢ and Var(z)zﬁ

However, a more exact analysis gives
1
Var(z)~ ——
n—3 (6)

This variance formula has the property that it is
independent of the theoretical but unknown p. In
fact, it can be made even more exact at the expense
of the independence of p and, when the sample size
is small, a more exact formula may be of interest.
Although we consider small samples in this study,
we note that the variance formula (6) is a slight
overestimation and we use it. The formulae obtained
and the asymptotic normality of z give accurate tests
of the estimated correlation coefficients and rather
strict confidence intervals.

The test of a null hypothesis p = p, # 0 or alterna-

I4p ] #0
1-p,

is based on the test statistic Z = v#n - 3(z - ¢,),
which, under the null hypothesis, is asymptotically
N(0,1).

Following Hald (1967, Ch. 19-20), the compari-
son of several correlation coefficients can be
performed in the following way. Consider a set of k
independent sub-samples having the sample sizes (7,
7,,...,n,). Let the theoretical correlation coefficients be
(P Pys--..p,) and the estimated ones (r,, 7,,...,7,).
Furthermore, let (¢, G,...,¢) and (z,, 2,...., 2,) be the
corresponding transformed variables. We introduce
the weighted mean

S 2=z
z(”; _3)
Its variance is
2 =3 Varz)  2m=3) _ 1
o -3f S, -3 2m -3k

Under the null hypothesis p, = p, =... =p,=p,, or
alternatively ¢, = ¢, =... = ¢, = ¢, we obtain E(Z) = ¢,
The weights in Z are approximately equal to (Var(z))™
and, consequently, the weighted mean is an almost
efficient estimate. Under the proposed null hypothe-
sis, the test statistic

ZZ = 2(’/’, -3)(z; _2)2

is approximately x? distributed with k-1 degrees of
freedom. A similar test can be obtained for the partial
correlation coefficients if the degrees of freedom are
reduced by the number of variables kept fixed. In this
study this number is one (the time).

tively,
§=6y=" log[

Var(z) =

Association Between the Rates of Multiple Maternities

The 100(1 - a) per cent confidence interval for the
theoretical correlation coefficient can be obtained if
we use the method for transformed variables pre-
sented above. If the variable z is assumed to be

asymptotically normal, we obtain
Uy,

=7z —
St 3

P(c, <c<g¢,)=1-a where and

u‘/mz

vn-3
where u,, is the (1 - /2a) quantile of a standardized
normal variable. Returning back to p and r, we
obtain

Gy=z+

2
et _]
P(PL <p<pU)z I-a, where P :ﬁ and
B 6241,« -]
pU e2gl;+]

The nonlinear transformation yields confidence inter-
vals where the estimated correlation coefficient is not
at the centre of the interval, but the confidence inter-
vals are always included in the admissible interval
(-1, 1).

In general, let the notations for the correlation
coefficients between the x, y and time (¢) be 7, , 7,
and 7, respectively. The partial correlation coefficient
between x and y, when the time is kept fixed, is

I

_ xy  Txtly

rxy't T . o
- 1l(l—rf’,)(]—ryz’,)

and an approximate formula of its standard error is

2
SE(r,,,) =1 Pet
Partial correlation coefficients may differ markedly
from the ordinary correlation coefficients and even
have different signs. An alternative attempt to elimi-
nate the effects of the time-dependent factors is to
consider regional cross-sectional data.

The test of a correlation coefficient demands
samples of rather large sizes and consequently, signifi-
cant results are obtained only for long time series or
for large numbers of observation pairs in cross-sec-
tional studies. This property can by stressed in the
following way. The significance test of correlation
coefficients against the null hypothesis that the theo-
retical correlation coefficient is zero yields a critical
region proportional to n™. In our studies, the time
series based on decade data consist of (at most) 21
sub-periods and the cross-sectional data consist of (at
most) 25 counties. If we assume a 5% significance
level and test against the null hypothesis p = 0, we
obtain for #n = 20 and for n = 25 the critical values
0.44 and 0.39, respectively. In addition, we have to
note that for some counties the number of subperiods
is markedly below 21 and for some periods the
number of counties is less than 25.

Correlations between the twinning rate and the rates
of bigher multiple maternities. For Sweden the corre-
lation coefficients between W and R and the
transformed triplet rate (R,,) based on 10-year data (n
= 21) are both 0.866. These estimates are statistically
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significant. The temporal variation in W and R,, are
similar, showing strong decreasing trends (Figure 1).
If we eliminate the time effect and consider the partial
correlation coefficients between W and R and
between W and the R,,, we obtain the reduced values
0.620 and 0.622, respectively (Table 1). The correla-
tion coefficients are reduced, but they are still
statistically significant. The correlation coefficients
between W and QO and the transformed quadruplet
rate (Q,,) based on the 10-year data (n = 21) are
0.700 and 0.648, respectively. These correlations are
statistically significant. After elimination of the time
effect, we obtain the partial correlation coefficients
0.217 and 0.147, respectively. Neither of these is sta-
tistically significant. These results support the
hypothesis that the ordinary correlation coefficients
obtained are at least partly influenced by some exter-
nal time-dependent factors.

In Table 1 we present the ordinary correlations
between time, the W, R and R,,, based on time-series
data for the 25 counties in Sweden for 1751-1960.
Sweden as a whole is included for comparison. Marked
discrepancies from the expected positive correlation
between W and R (and R,,) can be seen. For the coun-
ties of Alvsborg, Kronoberg, Jénkoping, Visterbotten
and Jimtland we obtain negative correlation coeffi-
cients. Strong positive correlation coefficients (more
than 0.4) are obtained for the counties of Orebro,
Kalmar, Ostergotland, Virmland, Kopparberg and
Skaraborg. The lack of a systematic pattern in the cor-
relations between time and W, R and R,, supports the
hypothesis that the rates are influenced by some
common external factors and that these have different
effects in different regions. Therefore, we try to elimi-
nate the effect of these factors and calculate the partial
correlations between W and R and R,, when time is

Table 1

Correlations for the Period 1751-1960 Between Time (1), the Triplet Rate (R), the Transformed Triplet Rate (R,) and the Twinning Rates (W)

in the Counties of Sweden.

Sweden as a whole is included as a comparison. The X*values (Hald, 1967) measure the regional heterogeneity in the correlation coefficients.

Correlation coefficients

Ordinary Partial
tvs. R tvs. R, tvs. W Rvs. W R,vs. W Rvs. W R, vs. W

SWEDEN -0.896 —-0.903 -0.770 0.866 0.866 0.620 0.622
Counties Codes

Stockholm city A -0.624 —0.651 -0.894 0.589 0.607 0.087 0.073
Stockholm county B -0.610 —0.634 -0.915 0.659 0.682 0.315 0.326
Uppsala C —0.743 —0.757 -0.821 0.663 0.681 0.141 0.161
Sodermanland D —-0.613 —0.658 -0.892 0.679 0.690 0.369 0.304
Ostergdtland E —-0.580 —0.350 -0.589 0.680 0.656 0.513 0.594
Jonkdping F 0.135 0.146 0.048 —0.265 -0.272 -0.274 —0.282
Kronoberg G -0.502 —0.543 0.284 —0.373 -0.189 -0.278 —0.044
Kalmar H -0.418 —0.445 -0.293 0.576 0.496 0.522 0.554
Gotland | -0.550 —0.470 -0.887 0.648 0.504 0.416 0.213
Blekinge K -0.723 —0.723 -0.081 0.246 0.261 0.271 0.293
Kristianstad L —0.469 —0.495 0.182 0.359 0.386 0.511 0.558
Malméhus M —-0.528 -0.514 —-0.192 0.362 0.366 0.312 0.317
Halland N —0.545 —0.353 -0.367 0.208 0.102 0.011 —0.032
Gothenburg&Bohus 0 -0.304 -0.314 -0.620 0.417 0.408 0.306 0.285
Alvsborg P -0.676 —0.690 0.039 —0.240 -0.263 -0.290 —0.326
Skaraborg R —-0.748 —-0.761 -0.267 0.496 0.473 0.463 0.431
Vérmland S —-0.627 —0.647 -0.596 0.478 0.492 0.168 0.174
Grebro T —-0.209 —0.294 -0.761 0.724 0.782 0.891 0.901
Véstmanland U —-0.627 —0.616 -0.935 0.643 0.639 0.203 0.224
Kopparberg W -0.279 —0.290 -0.637 0.553 0.606 0.507 0.571
Géavleborg X -0.685 —0.698 -0.946 0.687 0.729 0.164 0.295
Vésternorrland Y -0.338 —-0.302 -0.557 0.316 0.300 0.164 0.166
Jamtland z -0.252 0.024 -0.705 0.132 -0.053 -0.067 —0.051
Vésterbotten AB —0.645 —0.550 0.139 —0.146 -0.150 -0.074 —0.088
Norrbotten CD —-0.264 -0.129 0.047 0.119 0.126 0.137 0.133
Test of regional

heterogeneity X 1411 137.2 290.9 112.9 110.7 52.49 55.53
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Partial correlation between W and R and Rh in Sweden. 1751-1960
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Figure 3

Partial correlation coefficients between the twinning rate (W) and the triplet rate (R) and the transformed triplet rate (Rh), when time is kept fixed,

for the different counties of Sweden.

The counties are arranged according to increasing levels of the correlation between W and R. No systematic association between the W and the R
can be identified. Marked discrepancies from the expected positive correlation between W and R (and Rh) can be seen. For comparison, the correla-

tion coefficients for Sweden are included.
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Correlation betweenW and R and R, compared with the coefficients

0.75
-#-WyvsR ——Wvs RH
/\ —A—CV(W) ~4CV(R)
—>—CV(RH
0.60 (RH)
C\ .
@ 045
8 0
0
&
[}
8 0.30 - . PAN
&
0.15 -
W
000 T T T T T T T T T
1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960
Time
Figure 4

Correlation between the regional twinning rate (14} and the regional observed and transformed triplet rates (R and R,, respectively).
The numerical values are given in Table 2. The isolated points are based on the data presented by Berg (1880) for the period 1849-1873. Only the
correlation coefficients for the periods 1751-1780, 1811-1840, 18411870 (for R) and 18491873 are statistically significant (P < .05). The interregional

variations in W, Rand R, are measured by the coefficients of variation (CV).
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Table 2

Correlation Between the Regional Twinning Rate (/) and the Regional Observed and Transformed Triplet Rates (R and R,, Respectively) for the

Seven 30-Year Periods Between 1751 and 1960.

The interregional variations are measured by the coefficients of variation (CV). As a comparison, the correlation coefficients and CVs based on
Berg’s data (1880) for the period 18491873 are included. Only the correlation coefficients for the periods 1751-1780, 1811-1840, 1841-1870 (for R)

and 1849-1873 are statistically significant.

Period Correlation coefficient Coefficient of variation
Wvs R Wvs R, w R R,

1751-1780 0.574 0.539 0.172 0.309 0.157
1781-1810 0.326 0.335 0.127 0.350 0.186
1811-1840 0.710 0.685 0.123 0.360 0.180
1841-1870 0.405 0.386 0.112 0.304 0.154
1849-1873 0.475 0.405 0.123 0.311 0.172
1871-1900 0.112 0.121 0.060 0.166 0.084
1901-1930 0.336 0.330 0.071 0.274 0.138
1931-1960 0.136 0.120 0.074 0.232 0.120

kept fixed. The partial correlations obtained are also
given in Table 1. We still observe no general pattern.
For the counties of Jonkoping, Kronoberg, Alvsborg,
Jamtland and Visterbotten the partial correlation coef-
ficients between W and R and R,, are negative. In
contrast, we observe very high positive correlation
coefficients for the counties of Orebro, Ostergétland,
Kopparberg, Kristianstad and Kalmar. In general,
R and R,, give very similar results and therefore no
transformation is necessary. However, the transforma-

tion is valuable for descriptive comparisons, because
the W and the R, are on the same scale.

Using the X? test described above we can test the
regional heterogeneity between the correlation coeffi-
cients. We obtain statistically significant differences
for all the correlation coefficients (see Table 1). The
regional heterogeneity, according to the x? test
described above, is more marked in W than in R or
R,,. This regional heterogeneity is still observable
when partial correlation coefficients are compared,
but the heterogeneity is reduced. In Figure 3 we

Twinning rate ( W) and transformed triplet rate ( Rp) in Sweden, 1871-1900
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Figure 5

Comparison between the twinning rate (/) and the transformed triplet rate (R,) for the 25 counties for the period 1871-1900.
The counties are arranged according to the increasing levels of the twinning rate. The correlation coefficient between Wand R, is only 0.121,
being insignificant. We observe obvious exceptions from the expected patterns that the W should be slightly higher than the R, and that counties

with high twinning rates have high triplet rates and vice versa.
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present the partial correlation coefficients in increas-
ing order. The partial correlation coefficients vary
between -0.290 for R (-0.326 for R,) and 0.891
(0.901) and no systematic association between the
twinning and the triplet rates can be identified.

The temporal effects on the correlation between
the multiple rates can also be eliminated if we con-
sider the cross-sectional data distributed across the 25
counties in Sweden. We consider Berg’s data for the
period 1849-1873 and the official data for the seven
30-year periods presented in Table 2. For these
periods we calculate cross-sectional correlation coeffi-
cients. Only the correlation coefficients for the
periods 1751-1780, 1811-1840, 1841-1870 (for R,)
and 1849-1873 are statistically significant (P < .05).
After 1810, a decreasing tendency can be observed.
The interregional variations in W, R and R,, are mea-
sured by the coefficients of variation (CV) and these
data are also presented in Table 2 and Figure 4. We
observe a slight decrease in regional heterogeneity in
the W. This finding is discussed in greater detail in
Fellman and Eriksson (2004). Consequently, our
opinion is that the use of regional correlation coeffi-
cients in cross-sectional data and partial correlation
coefficients in the time series have at least partly elim-
inated the effects of the time-dependent factors.

In Figure 5 we compare W and R, for 25 counties
for the period 1871-1900; that is, a 30-year period
with the lowest correlation coefficient. We observe
obvious exceptions from the expected pattern that the
W should be slightly higher than the R, and that
counties with high twinning rates have high triplet
rates and vice versa. For the counties of Orebro,
Gotland, Kristianstad, Uppsala, Malmohus, and
Halland we observe high W and low R,, (a difference
of more than 2.5 per mille units) and for the counties
of Sodermanland, Virmland, Jonkoping and
Gothenburg&Bohus low W and high R,, (negative
difference). In fact, for the period 1871-1900 the cor-
relation coefficient between W and R, is only 0.121,
being insignificant.

Discussion

Although Hellin’s law is only a rule of thumb, we also
considered, besides R, the transformed rate R,,.
Comparing the associations between W and R and R,,,
we observe no great discrepancies. Of the rates R and
R,, the latter has the advantage that it can be presented
together with W on the same scale. The rates O and
O,, are only studied superficially, because quadruplet
maternities are such rare events that more detailed
analyses give uncertain results. The rates of quadruplet
maternities in Sweden (1751-1850) were about 6 per
million maternities, but after 1850 went down strongly
to values around 2 during the next hundred years.
After 1950 the rate is more than 7 per million, mainly
due to the use of ovulation stimulants and other artifi-
cial reproduction methods, as discussed above. In fact,
our whole series for Sweden contains only 112 quadru-

Association Between the Rates of Multiple Maternities

plet sets. In combined data from Europe and the USA,
Bulmer (1970) noted a frequency of 1.7 quadruplet sets
per million maternities. Parisi and Caperna (1981) con-
firmed these values for Italy during the overall period
1868-1977, but peaks in excess of 2.6 quadruplet and
quintuplet maternities were reached in the periods
1930-1944 and 1970-1977. In Sweden there has also
been a steeper downward secular trend of triplet and
quadruplet rates than of the twinning rate (cf. Figure 1
and see Eriksson, 1973).

The lack of a systematic association between the
rates of multiple maternities indicates that the rates
may be influenced by external, time-dependent, and
still unknown factors. In order to remove the effect of
these factors, one possibility was to consider time as a
proxy variable for these and eliminate the effect of the
unknown factors by studying partial correlation coeffi-
cients between W and R for the different counties
when time is kept fixed. We considered only the period
1751-1960 because, during this period and particu-
larly after the 1780s, with more efficient registration of
stillborn multiples (Eriksson et al., 1988), a general
decreasing tendency can be observed and the effect of
external variables can be assumed to be monotonic.
After the 1920s the W went down strongly, reaching a
minimum below 9 per 1000 in the 1970s.

Multiple ovulations and multiple conceptions seem
to be much more common than multiple maternities,
because intrauterine deaths occur extensively and par-
ticularly in pregnancies with multiple embryos or
fetuses (Boklage, 1995; Landy & Keith, 1998) in
which the volume of circulating blood required is con-
siderably higher than in singleton pregnancies
(Kauppinen, 1967). The increased urbanization and
modern life with more sedentary occupations among
mothers has caused a deterioration of physical condi-
tion. This may have decreased the blood circulation
and the risk that multiple gestations will end in single-
ton maternities or total abortion (Eriksson, 1964,
1973). This hypothesis is consistent with our findings
that both the gross and the age-specific rates of multi-
ple maternities — and particularly the triplet and
quadruplet rates — have been higher in rural than in
urban populations (Eriksson, 1964, 1973; Eriksson &
Fellman, 1973). In addition, there is evidence that
women of mixed ancestry, due to intermarriage
between populations with different dizygotic twinning
rates, produce fewer twins than would be expected if
gene action were additive (Bulmer, 1970; Eriksson,
1962, 1964, 1973; Eriksson & Fellman, 2004; Morton
etal., 1967).

The rates of multiple maternities tend to decrease
with a higher degree of urbanization. The most prob-
able reasons for the lower twinning rates in urban
populations are the lower maternal age, the lower
mean parity, the more frequent outmarriage, and the
fact that, owing to more sedentary and monotonous
work leading to poorer physical capacity, among
other things, the mothers in urban areas are less well-
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fitted to carry through pregnancies with multiple
embryos or fetuses. If the rate of spontaneous abor-
tions in an early phase of gestation in triplet
conceptions was higher than in twins, this could also
lead to the observed frequency of triplet maternities
being less than those expected from Hellin’s formula.

In a summary of reports of triplet sets from differ-
ent populations by Little and Thompson (1988), the
only excesses of triplets in comparison with twins
were found in Nigeria and in Papua. However, the
series were very small. Among the eastern Swedes on
the Aland Islands (1653-1949) the observed triplet
rate (37.5 per 100,000) was almost the same as the
expected (36.9 per 100,000). Both the twinning and
the triplet rates showed strong secular declines
(Eriksson, 1973). In this study an excess of observed
over expected numbers of triplet maternities was
found for the period 1871-1900 in four counties,
Sodermanland, Jonkoping, Gothenburg&Bohus and
Viarmland (Figure 5). In all the other counties and for
Sweden as a whole there were fewer triplet materni-
ties than expected. The correlation decreasing with
time between W and R may be an indication of
decreasing mean maternal age and parity. They both
have a stronger effect on the triplet rate than on the
twinning rate (Eriksson, 1990; Eriksson et al., 1995).

Our studies on the trends in twin and triplet
maternities in Finland, comparing rural communities
with towns between 1860 and 1959, also showed that
during the period 1905-1955 the rates in rural com-
munities clearly and steadily increased, while those in
town populations, though at all times lower and more
erratic, had a smaller increase (Eriksson & Fellman,
1973). In the typically agrarian Finland, urbanization
and industrialization began about one to two genera-
tions later than in Sweden (Eriksson & Fellman,
1973) but was given a substantial boost after World
War II in connection with Finnish compensations for
war damage to the Soviet Union.

Our summarizing conclusion is that, after elimina-
tion of exogenous factors, the correlation between W
and R is moderate.
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