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Aspects of the History of Twin Research: Statistical
Congresses in the 19th Century and Hellin’s Law
Johan Fellman
Hanken School of Economics, Helsinki, Finland

In the 19th century, a series of international statistical congresses began that were important for population
studies, including twin research. The introduction of common rules for the national demographic registers
enabled scientists to contribute to the genesis of statistical research. The congress in St. Petersburg in 1872,
in particular, focused on the movements of the population, and how they should be registered. Among the
facts to be recorded were in multiple births, the sex and number of children born alive or still-born, whether
legitimate or illegitimate, and the age of the mother at the date of the births. During the history of twin
research, Hellin’s law has played a central role because it is an approximately correct association between
the rates of multiple maternities. It has been mathematically proven that Hellin’s law does not hold as a
general rule. Analyses show divergences from the law that are difficult to explain and/or eliminate. Varying
improvements of this law have been proposed. The majority of all studies of Hellin’s law are based on
empirical rates of multiple maternities, ignoring random errors. Such studies can never confirm the law,
but only identify errors with respect to Hellin’s law that are too large to be characterized as random. It is
of particular interest to note and explain why the rates of higher multiple maternities are sometimes too
high or too low when Hellin’s law is used as a benchmark. Studies have shown that there were investigators
before Hellin who have contributed substantially to Hellin’s law. In this article, we re-examine some old data
sets and contributions in which Hellin’s law has been evaluated and also analyze recent data.

� Keywords: confidence intervals, dizygotic, monozygotic, maternal age, seasonality, time series, variable
transformation, history

Statistical Congresses
In the 19th century, a series of statistical congresses be-
gan; congresses in Brussels in 1853 and in St. Petersburg
in 1872 were particularly important for demographic, and
especially twin, research. At that time, it was feared that in
most countries the registers were defective in essential facts,
but those of Belgium and Sweden were perhaps themost ef-
fective for scientific inquiries. Arosenius (1918) presented a
thorough description of the genesis of the official statistics
in Sweden. Among other things, he describes in detail how
demographic statistics was formed in the 18th century and
the step-by-step creation of Statistiska Centralbyrån (Statis-
tics Sweden).

Levi (1854, p. 5) gave a detailed presentation of the sug-
gestions accepted at the Brussels congress:

[T]here ought to be an annual registry of population,
exhibiting the births by sex, by age of both parents, le-
gitimate and illegitimate, number of twins, stillborn,
marriages and divorces, bymonths. The deaths, by sex,
by age, and by months, distinguishing among dead
children, till three years of age, the legitimate from the

illegitimate. The deaths by month, with the causes of
death, and the profession of the deceased; marriages,
with the age of the parties, their condition, profession,
and number of children, distinguishing the legitimate
and those acknowledged as such. Considering the ex-
treme importance of a uniform nomenclature of dis-
eases equally applicable to all countries, the attention
of learned men is to be called to the question for fur-
ther consideration at some future congress.

According to Brown (1872), at the congress in St. Pe-
tersburg the principal discussion was related to the move-
ments of the population and how these should be registered.
Among the facts to be recordedweremultiple births, the sex
and number of children born alive or still-born, whether le-
gitimate or not, and the age of the mother at the date of the
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TABLE 1
Demographic Data From Mecklenburg-Schwerin Based on Spengler Data (1848)

Year Maternities Twin sets Triplet sets Quad sets 103TWR 105TRR

1777–1780 4,496 63 0 0 14.012
1781–1785 8,196 130 0 0 15.861
1786–1790 52,859 793 5 0 15.002 9.459
1791–1795 56,134 900 11 0 16.033 19.596
1796–1800 61,965 935 8 0 15.089 12.911
1801–1805 65,645 896 18 0 13.649 27.420
1806–1810 63,285 982 10 0 15.517 15.802
1811–1815 68,693 1,066 12 1 15.518 17.469
1816–1820 70,568 965 9 0 13.675 12.754
1821–1825 76,913 1,036 12 0 13.470 15.602
1826–1830 77,843 1,047 13 0 13.450 16.700
1831–1835 81,528 1,162 18 0 14.253 22.078
1836–1840 85,121 1,144 11 2 13.440 12.923
1841–1845 87,762 1,230 8 1 14.015 9.116
1846–1847 34,091 492 4 1 14.432 11.733
1777–1847 895,099 12,841 139 5 14.346 15.529
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FIGURE 1
Temporal trends in TWR and Hellin-transformed TRR (HRR) (Spengler, 1848). The confidence band of HRR indicates a good agreement
between TWR and HRR.

births. Later, Westergaard (1932) devoted an entire chapter
in his history of statistics to the presentation of the statisti-
cal congresses in the middle of the 19th century.

Recently, Randeraad (2011, p. 51) directed attention to,
and even criticismof, the international statistical congresses
in the second half of the 19th century. He stated that it
would be overly simplistic to assume that they were an out-
right success. In fact, no more congresses were held after
1876. Furthermore, he stressed that:

More importantly, by then it was clear that the aspi-
rations of the early congresses had been too high. In-
ternational uniformity in statistics was evidently not a
goal that could be reached overnight.Much of this fail-
ure to bring about rapid change can be explained by
the difficulties in realizing effective knowledge trans-
fers, in other words effective communication, in an age
that was not fully prepared for truly international ac-
tivities. It has been shown that the second half of the
nineteenth century was a period of numerous experi-
ments in internationalism, but at the same time ram-
pant nationalism nipped many initiatives in the bud.

Papers Before Hellin
Hellin’s (1895) paper can be considered a central mile-
stone in the history of twin research, and one can divide
the research into studies before and after Hellin. Spen-
gler (1848) presented birth data, including data concerning
multiple births, for Mecklenburg-Schwerin for the period
1777–1847, presented here in Table 1 and Figure 1.

Veit (1855) found in a data set from Prussia (1826–1849)
one twin maternity per 89, one triplet maternity per 7,910
and one quadruplet maternity per 371,126 total materni-
ties. It is notable that 892 = 7,921 and 893 = 704,969, but he
did not give the relation between the twinning rate (TWR),
triplet rate (TRR) and quadruplet rate (QUR). TheVeit data
are presented in Table 2.

Bertillon (1874) considered multiple maternity data
from different countries in central Europe. He anticipated
Hellin’s law because he presented the number of twin ma-
ternities in relation to one triplet maternity.

Shortly after the congresses in Brussels (1853) and St. Pe-
tersburg (1872), Neefe (1877) published his classical work.
He stressed how important the above-mentioned statistical
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TABLE 2
Data from Prussia, 1826–1849, According to Veit (1855)

Maternities
Year All Single Twin Triplet Quad

1826 519,633 513,727 5,824 80 2
1827 485,165 479,724 5,374 65 2
1828 493,749 488,060 5,620 69 0
1829 489,604 483,796 5,738 69 1
1830 491,659 486,141 5,455 62 1
1831 484,889 479,281 5,543 65 0
1832 476,035 470,175 5,783 76 1
1833 530,954 524,525 6,340 87 2
1834 549,750 542,947 6,717 83 3
1835 527,148 521,156 5,918 73 1
1836 544,177 537,805 6,301 69 2
1837 551,450 545,084 6,289 77 0
1838 560,086 553,837 6,186 61 2
1839 568,487 562,065 6,360 59 3
1840 580,747 574,293 6,381 72 1
1841 585,085 578,738 6,277 67 3
1842 616,845 610,058 6,716 71 0
1843 597,912 591,420 6,426 64 2
1844 616,287 609,452 6,771 59 5
1845 640,214 633,123 7,029 60 2
1846 619,727 613,101 6,556 69 1
1847 577,007 570,766 6,183 58 0
1848 570,737 564,633 6,030 73 1
1849 683,210 674,961 8,147 101 1
Total 13,360,557 13,208,868 149,964 1,689 36

congresses were for the standardization of the demographic
registers in different countries, and he used the new pos-
sibilities that the improved birth registers offered. Despite
the other contemporaneous studies published, our opinion
is that the history of twin research starts from his publica-
tion. Neefe analyzed a long series of problems connected
to twinning, which have been shown to be central in later
studies. He considered inter alia: (1) the rates of twin and
highermultiplematernities, (2) the crude birth rates among
single and multiple maternities, (3) the regional and sea-
sonal variations in the TWRs, (4) the rates of live and still-
births among the twins, (5) the sex composition of the set
of the multiple maternities, (6) the sex ratio among single
and multiple maternities, and (7) the effect of such influ-
ential factors as the age of the parents, the marital status of
the mothers, urban and rural regions, and the seasonality.
In addition, he considered the birth weights and premature
births among the multiples and the mortality among the
multiples and their mothers. This list indicates clearly that
Neefe introduced a thorough research program for twin
studies. It is important in this study to stress that Neefe did
not anticipate Hellin’s law (Fellman & Eriksson, 2009a).

During the second half of the 19th century, Statistics
Sweden published in Statistisk Tidskrift extensive time se-
ries about demographic data. The data were given sepa-
rately for the different counties of Sweden and contained
the size of the population, the number of births and twin,
triplet, and quadruplet sets (Fellman & Eriksson 2009a).
Berg (1880) published a rigorous study of the multiple ma-
ternities in Sweden, 1869–1878. Because his study was pub-
lished in Swedish, it did not receive the attention deserved.

For our research team, having Swedish as their native lan-
guage, Berg’s results have been invaluable.

Strassmann (1889) analyzed data published by Veit
(1855) concerning single and higher maternities and noted
that there is one twin maternity per 891 and one triplet ma-
ternity per 892 total maternities.

Drejer (1895) was apparently unaware of Hellin (1895),
but referred to Strassmann (1889) and stated that Strass-
mann had noted the relation between the rates of twin and
triplet maternities. Drejer was dubious about the regular-
ity between the rates. He stressed that under such circum-
stances the rule had to also hold for higher multiple ma-
ternities, but he could not find any clear indication of this
being the case (Fellman & Eriksson, 2009a).

Hellin’s Contribution
Hellin (1895) observed an empirical relationship between
the rates of twins and triplets. He stated that among human
beings there is on average one twin maternity per 89 sin-
gletonmaternities, one triplet maternity per (89)2 singleton
maternities, one quadruplet maternity per (89)3 singleton
maternities, and in general, within the range of the possi-
bility, one x-tuplet maternity per (89)χ-1 singleton materni-
ties. Strassmann related the number of multiple maternities
to the number of all maternities, while Hellin related the
number ofmultiplematernities to the number of singlema-
ternities. Both, however, used the same relation, 1:89. This
is understandable because the relation between single ma-
ternities and all maternities is very close to one.

Fellman and Eriksson (2009a) stressed that Hellin cited
the articles byVeit (1855) and Strassmann (1889). Although
Strassmann had already presented his version of Hellin’s
law, Hellin did not mention this fact. He only stated that,
according to Strassmann, in Germany the number of sin-
gle maternities per one twin maternity varies between 70
and 84. Today, one usually follows Strassmann and consid-
ers rates of multiple maternities with respect to all mater-
nities. Although it seems that Strassmann noted the law be-
foreHellin,Hellin’s additional contributionwas that he gave
the law a general form.

Disposition
This text consists of the following parts. In theMethods sec-
tion, the statistical formulae needed for the analyses are pre-
sented. In the Results, we give our analyses of the classical
pre-Hellin data sets. In addition, in order to study recent
data we also analyzed some data collected by our research
team in earlier studies. After 1970, the TRR and the Hellin-
transformed triplet rate (HRR) show excesses, but this is
mainly caused by the influence of the artificial reproduc-
tion technologies (ARTs); in particular, the use of fertility-
enhancing drugs. However, discrepancies in data obtained
during the era of fertility treatments are of less interest when
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Hellin’s law is considered because nowno natural stochastic
model is applicable (Eriksson & Fellman, 2007).

Here, we particularly consider how the association be-
tween TWR and TRR varies in time series. According to
Hellin’s law, one can study the fundamental relation be-
tweenTWR andTRR. This should follow a parabolicmodel.
However, linear models are easier to analyze, and therefore
one can study the association between TWR and HRR =√
TRR. Jenkins (1927) studied the linear association be-

tween TRR and TWR2. However, we assume that TWR is
more exact and prefer to keep TWR untransformed. In the
Discussion section, we present results concerning Hellin’s
law in the literature and give our comments and alternative
analyses.

Methods
A problem hindering the discussion of Hellin’s law is that
the law is a mathematical rule concerning theoretical rates,
but all checks of the law are based on empirically obtained
rates, and no exact proof to support the law can be obtained.
In fact, one can only determine whether the inconsisten-
cies are too large or not explained by random errors. Fell-
man and Eriksson (2009b) gave a detailed presentation of
the statistical analyses of Hellin’s law. The central formulae
are offered below.

Let the theoretical TRR be r. In studying the random er-
rors of the obtained TRR, and particularly of the square
root of the TRR, there are two possibilities. The first is to
estimate the standard deviation (SD) of the TRR and con-
struct a confidence interval (CI) for r. The square root is a
monotone-increasing function, and consequently, one can
construct the CI for

√
r by a square root transformation of

the limits of the CI for r.
Let the observed TRR be r̂, Then SDr̂ =

√
r(1−r)

n and the
standard CI of r is(

r̂ − k
√
r̂(1 − r̂)

n
, r̂ + k

√
r̂(1 − r̂)

n

)
, (1)

where the factor k defines the confidence level. Hence, for√
r the corresponding transformed CI is

⎛
⎝

√
r̂ − k

√
r̂(1 − r̂)

n
,

√
r̂ + k

√
r̂(1 − r̂)

n

⎞
⎠ . (2)

The second is to estimate the SD of
√
r̂ and to use it in

order to obtain the CI for
√
r. If we use the general approx-

imate formula Var( f (z)) ≈ ( d fdz )
2Var(z), we obtain (Fell-

man & Eriksson, 2004)

Var
(√

r̂
)

≈
(

1
2
√
r

)2
Var(r̂) = 1

4r
r(1 − r)

n
= 1 − r

4n
(3)

and SD√
r̂ ≈

√
1−r
4n . Now, the alternative CI for

√
r is

(√
r̂ − k

√
1 − r̂
4n

,
√
r̂ + k

√
1 − r̂
4n

)
. (4)

Although formula (3) is only an approximate one, Fell-
man andEriksson (2009b) proved that for large data sets the
difference between the alternative CIs (2) and (4) is minute
and both CIs are good alternatives. In the empirical analy-
ses, we use the standardCI forTWR and the CI (2) forHRR.

Results
Pre-Hellin Data

We start with the application of our CI formulae presented
in the Method section on the Spengler and the Veit data
given in Tables 1 and 2. We present in Figure 1 the tempo-
ral trend for theMecklenburg–Schwerin data.One observes
that compared with Hellin’s law there is a slight deficit in
HRR. However, according to the broad confidence band of
HRR, this deficit is almost negligible.

Figure 2 shows the temporal trends in TWR and HRR
obtained from the Veit (1855) data. The confidence band of
HRR indicates that TWR and HRR show good agreement
for the whole period.

Temporal Trends

In Figure 3a–d, we present the temporal trends ofTWR and
HRR in Sweden (1754–2000), in the Netherlands (1950–
2003), in England and Wales (1938–2003), and in Portugal
(1930–2011). The Portuguese data were from Fuster et al.
(2013). Figure 3a and b includes 95% CI bands for HRR.
During the 20th century, the populations show a similar
temporal pattern. It can be seen that up to 1870 in Swe-
den theTWR andHRR rates are comparable, while between
1871 and 1970 the TWR is superior. The excess after 1970
is mainly caused by the influence of ARTs, particularly the
use of fertility-enhancing drugs, this beingmoremarked for
TRR than for TWR. When Hellin’s law is considered, dis-
crepancies in data obtained during the era of fertility treat-
ments are of less interest because now no natural stochas-
tic model is applicable (Eriksson & Fellman, 2007). Conse-
quently, one should compare the rates of the multiple ma-
ternities and analyze Hellin’s law only for data before the
1970s.

Discrepancies in the Linearity of Hellin’s Law

Following Jenkins (1927, 1929) and Jenkins and Gwin
(1940), we studied the association betweenHRR and TWR.
Our opinion is that the best model is obtained when HRR
is a linear function of TWR. The association between the
TWR and the HRR is based on the different populations
presented in Figure 3. We assume models without inter-
cepts and consider themodelHRR = βTWR. The parame-
ter value indicates when theHRR shows an excess or deficit
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FIGURE 2
Temporal trends in twinning rate (TWR) and Hellin-transformed triplet rate (HRR) in Prussia, 1826–1849. The confidence band of HRR
indicates a good agreement between TWR and HRR.

relative to TWR. Hellin’s law holds if the parameter β = 1. If
β < 1 then there is a deficit of triplet sets and if β > 1 there
is an excess of triplet sets. For all populations in Figure 3,
there is a slight shortage ofHRR during the medium period
and an excess during the last periods. The results are given
in Table 3.

Alternative models. In the literature, there have been sev-
eral attempts to improve Hellin’s law. Allen and Firschein
(1957) first gave a theoretical argument for the law andwent
on tomodify it. Their initial argument for the lawwas that it
is a mean of a stochastic model for DZ rates. If the probabil-
ity for an extra ovulation, yielding a twin set, is p, the prob-
ability for two extras, yielding a triplet maternity, is p2, and
so on. They stated that the agreement of Hellin’s law with
birth statistics is not entirely coincidental and that it fits
data partly because of underlying truth and partly because
its two major defects tend to cancel each other. They im-
proved the formula to include both monozygotic and mul-
tizygotic maternities. However, the obtained expected fre-
quencies were not in concordance with the observed ones
(Fellman & Eriksson, 2009a).

Allen (1960) proposed onemethod based on the zygosity
of the twin pairs and the triplet sets. Bulmer (1970) later dis-
cussed this method, which requires information about the
sexes of the twin pairs and the triplet sets. Let the monozy-
gotic TWR be M and the dizygotic be D. According to the
Allen-Bulmer model, the improved Hellin’s formula is R =
k1M2 + 2MD + k3D2, where R is the TRR. For k1 = k3 = 1,
Hellin’s law is obtained. Based on empirical data, the factors
k1 and k3 should be estimated by the formulae

k1 = total number of monozygotic twins∑
NiM2

i

and

k3 = total number of dizygotic twins∑
NiD2

i
.

Using data from England and Wales, the United States
and Italy, Bulmer (1970) obtained the empirical formula for
HRRAB R = 1.36M2 + 2MD + 0.47D2. This formula can
be written

R = 1.36M2 + 2MD + 0.47D2 = M2 + 2MD + D2

+ 0.36M2 − 0.53D2 = (M + D)2 + 0.36M2

− 0.53D2 = W 2 + 0.36M2 − 0.53D2.

With respect to Hellin’s law, the correction is 0.36M2–
0.53D2. This is negative if D ≥ 0.82 M. The dizygotic rate
D is almost always greater than the monozygotic rate M,
and consequently, a deficit in the triplet rate in compar-
ison with Hellin’s law is common. Fellman and Eriksson
(2004) studied multiple maternities in Sweden for the pe-
riod 1869–1878 (Berg, 1880) and, in addition, decade data
for the period 1901–1960. They followed Allen and Bul-
mer when they studied multiple maternities for the pe-
riod 1869–1960 in Sweden. They applied Weinberg’s law
and obtained the dizygotic (D) and monozygotic (M) twin-
ning rates. Numerically, they obtained the estimated model
HRRFE = 1.39M2 + 2MD + 0.44D2. The parameter esti-
mates differed only slightly from Bulmer’s, and they ob-
served also that their parameters satisfy the conditions k1
> 1 and k3 < 1. According to their 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. The results are presented graphi-
cally in Figure 4. This figure includes theTWR and theHRR
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FIGURE 3
Temporal variation in twinning rate (TWR) and Hellin-transformed TRR (HRR). Sweden (1754–2000) is presented in (a) the Netherlands
(1950–2003) in (b) England and Wales (1938–2003) in (c) and Portugal (1930–2011) in (d).
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TABLE 3
Association Between TWR and HRR in the Time Series Presented in Figure 3

Population Old data Medium data Recent data

Sweden, 1754–2003 Period 1754–1860 1871–1950 1951–2003
Parameter 1.023 0.875 1.100
n 23 18 11

The Netherlands, 1950–2003 Period 1950–1970 1971–2002
Parameter 0.884 1.227
n 21 35

England and Wales, 1938–2003 Period 1938–1970 1971–2003
Parameter 0.868 1.311
n 33 32

Portugal Period 1930–1970 1971–2011
Fuster et al. (2013) Parameter 1.040 1.320

n 41 41
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FIGURE 4
TWR and the transformed triplet rates: the Hellin-transformed TRR (HRR), the Allen–Bulmer model HRRAB and the Fellman–Eriksson
model HRRFE (Fellman & Eriksson, 2004).

estimated according to Hellin’s law, Bulmer’s model and the
Fellman–Eriksson model.

Discussion
Our intention here was not to give an exhaustive list of pub-
lications, but to present such papers where pre-Hellin au-
thors provided data suitable forHellin’s law andwhere post-
Hellin authors analyzed and commented on the strengths
and weaknesses of the law. The interest in Hellin’s law
is mainly a result of its being approximately correct, but
showing discrepancies that are difficult to explain and/or
eliminate.

It is a common agreement that the main argument for
Hellin’s law is that the probabilities of additional ovula-
tions and the fissions of fertilized eggs can be explained by
stochastic models (see, e.g., Allen & Firschein, 1957; Fell-
man, 2017; Fellman& Eriksson, 2009a; Jenkins, 1927; 1929;
Jenkins &Gwin, 1940; Zeleny, 1921). Consequently, in large
data sets, the averages could be stable and formulated by a

mathematical relation (Hellin’s law). In a short note, Zeleny
(1921) discussed Hellin’s law. He stated that from the sta-
tistical relations it would appear that triplets are produced
by the coincidence of two independent processes occurring
with equal frequencies. One of these processes by itself gives
rise to twins. This relation would apply to any mode of ori-
gin of multiple births or to different combinations of these
provided that each followed the rule. In fact, he considered
the Strassmann version, where the rates are related to the
total number of maternities. He also referred to the Veit
(1855) data and found startlingly good agreement with the
law. His analyses yielded him the honor by which some au-
thors later renamed the law the Hellin-Zeleny law.

The arguments for the discrepancies are that after the
fertilizations there is a long process influenced by disturb-
ing factors. For instance, Jenkins (1927) and Komai and
Fukuoka (1936) assumed that differential mortality of twins
and triplets in utero could be one such disturbing factor.
Consequently, the final result shows only a weak resem-
blance to the outcome of a stochastic process. This seems to
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be the main cause of the discrepancies between Hellin’s law
and empirical findings. Fellman and Eriksson (1993) gave a
mathematical proof that Hellin’s law cannot hold as a gen-
eral rule. However, it is still of special interest to obtain and
explain a surplus or deficit in the rates of higher multiple
maternities when Hellin’s law is used as a benchmark.

Jenkins (1927) stated that Hellin’s law should be consid-
ered as a first approximation. He based his own model on
the rates of monozygotic (MZ) and dizygotic (DZ) twin-
ning. The rate of DZ twinning is strongly dependent onma-
ternal age, and consequently he stressed that the relation
between TWR and TRR should hold only for age-specific
rates. Therefore, he assumed that the age-specific TRRs are
the squared age-specific TWRs. Consequently, for the total
TRR he obtained the formula

TRR = 1
n

∑
i

(TWRi)2ni, (5)

where ni is the number of mothers in age group num-
ber i and n is the total number of mothers. His stochas-
tic model indicated at least that Hellin’s law holds approx-
imately within maternal age groups, but for the total rates,
Hellin’s law does not hold. Discrepancies within a mater-
nal age group he ascribed to differential mortality of twins
and triplets in utero. In addition, Jenkins stated that the pro-
posed model did not give the correct proportion of same-
sex and opposite-sex triplet sets. Later, Jenkins (1929) re-
turned to the model and gave some suggestions on how
it could be improved. Jenkins and Gwin (1940) attempted
a rigorous treatment of the live-births statistics with the
classification of the data according to the age groups of
the mothers. The rule so derived deviated markedly from
Hellin’s law. They considered U.S. data for the periods
1923–1924 and 1927–1936. Partlymissing stillbirths caused
them some problems. They presented U.S. data in a graph
with TWR2 as abscissa and TRR as ordinate. If Hellin’s law
holds, this curve should be linear. The same can be said if
the graph has TWR as abscissa and

√
TRR as ordinate. As

an alternative, Jenkins (1927) presented TRR as a function
of TWR. According to Hellin’s law, this curve is a parabola.
However, graphs containing linear curves are easier to
interpret.

In his monograph concerning twinning, Dahlberg
(1926) gave only short comments concerning triplet rates
and Hellin’s law. He presented twin and triplet data from
Finland (1878–1916) grouped according to maternal age.
Jenkins and Gwin (1940) used Dahlberg’s data for Finland
(1878–1916), but they did not include the extreme TRR for
the age group 45+ in their analyses. Fellman and Eriksson
(2009b) used Finnish official registers and confirmed the
view that Dahlberg’s data contained a misprint. Hence, in
their alternative analyses, Fellman and Eriksson used the
corrected data.

Sarkar (1945) studied the TWR in India and Ceylon (Sri
Lanka). Sarkar’s study is based on hospital data. This situ-

ation reduces the relevance of the study, a fact that Sarkar
recognized. However, in connection with this study his pa-
per is interesting because he defined the TWR as 1:n and
the triplet rate as 1:m2, that is, he indirectly used a modi-
fied Hellin’s law without any reference to Hellin. In analyz-
ing his results, one finds a deficit of triplet maternities (m>

n). In addition, it is observed that in Ceylon the TWR was
low (1:161.1), yielding the TWR 6.21 per 1,000. In Ceylon,
the TRR followed Hellin’s law more exactly because it was
1:154.42. The Ceylon findings must be considered consis-
tent because the total number of maternities was as high as
1,620,077.

In his study of the rates of multiple maternities for to-
tal ‘white’ and ‘colored’ in U.S. populations (1922–1936),
Strandskov (1945) evaluated how well his data satisfied
Hellin’s law. Applying χ2 tests, he found that in none of the
three populations tested did the observed plural birth fre-
quencies agree closely with Hellin’s law.

Jenkins (1927; 1929), Jenkins and Gwin (1940), Allen
(1960), Bulmer (1970), and later Fellman and Eriksson
(2004) have tried to modify the law in order to improve it.
These attempts are presented in Figure 4. It can be seen that
the models HRR, HRRAB and HRRFE are rather consistent
and too low with respect to Hellin’s law. Consequently, the
attempts have not improved the TWRmodels.

One application of Hellin’s law is comparisons between
TWR and HRR, that is, the square root of TRR, the cu-
bic root of quadruplet rates (QUR), and so on (Fellman &
Eriksson, 2006). Fellman and Eriksson (2004) considered
the correlation between the TWR and HRR in Sweden. Af-
ter elimination of temporal factors, they found that the cor-
relation was positive, but not very strong. These findings
indicate that Hellin’s law cannot be considered exact. In
fact, Hellin’s law presupposes strong correlations, but even
strong correlations do not prove Hellin’s law.

Inspired by the results given by Zeleny, Greulich (1930)
analyzed the association between the TWR, TRR andQUR.
Greulich refers only to Zeleny and never to Hellin. He starts
with data given by Veit (1855), Guzzoni (1889), and Arey
(1925).He observed good agreement between theTWR and
TRR, but Veit’s data forQUR differs markedly. Starting with
these findings, he introduced a large project. He collected
data from 21 different countries and built his analyses on
these data. Despite large variations in the rates obtained for
the different countries, he noted a close approach toZeleny’s
law. He closed his study with the statement that if Zeleny’s
hypothesis has any basis in fact it must of necessity apply to
conceptions and not to confinements.

Peller (1946) stressed that the deviation of the actual
figures from expectation must not obscure the fact that
Hellin’s law comes pretty close to reality. Neither should
the rule be condemned just because it cannot be explained.
On the contrary, attempts should bemade at correction and
explanation. Peller based his study on models that he con-
structed for recurrent multiple maternities within sibships.
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As an application of this model, he obtained an alternative
rule for the relationship between the numbers of twin sets
and sets of higher multiple maternities. Although his start-
ing point was different, the formulae obtained differed only
slightly from Hellin’s law. Peller was the first, at least in-
directly, to connect Hellin’s law to inter-individual varia-
tion in the chances for multiple maternities among moth-
ers. Later, Eriksson (1973) considered recurrent twin ma-
ternities and gave a modified model. When he applied his
model on family series for Åland (Finland), he obtained
better congruence with Hellin’s law than with Peller’s for-
mulae (Fellman & Eriksson, 2009b).

Das (1953) formulated Hellin’s law such that ‘the fre-
quency of twin confinements bears to that of total con-
finements a ratio which is equal to the ratio borne by the
frequency of the triplet confinements to that of the twin
confinements’. This modified definition is in congruence
with Strassmann’s version of the law. He reviewed of ear-
lier studies concerningHellin’s law and stressed the discrep-
ancies presented in them. Furthermore, he considered data
for more than 300 million births and showed that Hellin’s
law was inexact for triplets and does not hold for quintu-
plets. Consequently, Das concluded that Hellin’s law has no
sound basis and that exceptions to the rule have been the
rule. In a later paper, Das (1955) developed his model for
the frequencies of twins and higher multiple maternities.
Based on this theory, he also considered the relation TRR
= (TWR)2. His mathematical analyses of the model did not
support Hellin’s law (Fellman & Eriksson, 2009a).

Fellman and Eriksson (1993) gave a mathematical proof
that Hellin’s law cannot hold in general. If one aggregates
heterogeneous data, the fluctuations are smoothed out, but
the relation between theTWR and theTRR is not linear, and
consequently, the aggregated and the disaggregated data
cannot simultaneously satisfy Hellin’s law. Jenkins (1927)
noted that Hellin’s law can be assumed only for disaggre-
gated data and that the discrepancy between Hellin’s law
and the observed aggregated data demands the use of his
formula. In fact, Jenkins’ formula coincides mathematically
with the integral proposed by Fellman and Eriksson (1993).
However, Jenkins did not explain the disagreement between
Hellin’s law for aggregated and disaggregated data. Fellman
(2017) studied the seasonality of multiple maternities and
applied Hellin’s law to compare the seasonality of twin and
triplet rates. The triplet sets are very rare and consequently
suitable data containing sufficiently large sets for statistical
analyses of monthly triplet births are difficult to obtain (El-
ster & Bleyl, 1991; James, 1980).

The history of the studies of Hellin’s law shows a long
series of attempts in order to reduce discrepancies between
the observed data and Hellin’s law. Some studies give im-
proved results, but some cannot eliminate obtained discrep-
ancies in the data. In conclusion, one can note that every
‘improved’ model has the same weakness as Hellin’s law.
The models are mathematically exact, but the analyses are

based on empirical data. Hence, the question remains, are
the improvements general or do they depend on the specific
data considered?
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