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In a recent GWAS of spontaneous dizygotic twinning, Mbarek et al. (The American Journal of Human Genetics, 2016, Vol 98, pp. 898–908) identified two SNPs, rs11031006 (near FSHB) and rs17293443 (in SMAD3).
In the present note, we address the question how to present the results in terms of effect sizes in a manner that is comprehensible to the general audience (e.g., mothers of twins, readership of newspapers).
We propose to avoid the standard effect sizes such as odds ratios and relative risk as these require some
knowledge of probability theory. Rather, we convey the results in terms of the conditional probabilities, but
expressed in natural language.
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We have brought together unique collections of mothers of
dizygotic (DZ) twins, and conducted the first genome-wide
association study (GWAS) for spontaneous DZ twinning
(Mbarek et al., 2016). We identified the first robust genetic
risk variants for DZ twinning: one near FSHB (rs11031006;
chr 11p14.1), and a second within SMAD3 (rs17293443; chr
15q22.23). The two signals, which were replicated in a large
Icelandic cohort, turned out to have widespread effects on
female fertility. In disseminating the results of GWAS studies, like Mbarek et al. (2016), one tends to emphasize the
genome-wide significant hits. However, communicating information on the effect sizes associated with these hits to
the general public is not simple. Standard effect sizes, such
as odds ratios (OR) or relative risks (RR), are largely unsuited as they require some familiarity with probability theory. However, to rise above the simple ‘gene for…’ statement, it is desirable to provide a comprehensible statement
on effect. The aims of this note are: (1) to present the results
of the Mbarek et al. (2016) study in terms of conditional
probabilities, and (2) to consider, in the light of these, various effect sizes based on these results, given the aim of communicating the results to the general population.

Derived Genotype — Twinning
Probabilities
To ease presentation, we denote the SNPs FB (rs11031006)
and S3 (rs17293443). Based on Mbarek et al. (2016), the risk

allele frequencies (RAFs) in Iceland are 0.85 (FB; risk allele G, alternative allele A) and 0.24 (S3; risk allele C, alternative allele T). We use these values as they coincide
with meta-analytic estimates, and there is very little difference in RAF between the samples in Mbarek et al. (2016)
(Netherlands: 0.841 and 0.239; Australia: 0.863 and 0.239;
and United States, Minnesota: 0.846 and 0.233. The metaanalytic values are 0.849 and 0.236). The RR associated
with these risk alleles, given the additive genetic association model, are 1.18 (FB) and 1.09 (S3). These results were
obtained in the Icelandic sample (i.e., the replication sample in Mbarek et al., 2016), and we assume here that they
hold in the Dutch population. The prevalence of spontaneous DZ twinning in the Dutch population displays considerable variation between 1904 and 2011 (Glasner et al.,
2013; see also Pison et al., 2015). We used the most recent
prevalence estimate reported by Glasner et al. (2013), that
is, ∼1.07% in 2011. The loci FB and S3 are unlinked (located
on chromosomes 11 and 15), and, we assumed, in gametic
phase equilibrium (Wray and Visscher, 2007). From this information and the assumptions mentioned, we constructed
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Table 1.
FSHB (FB) and SMAD3 (S3) genotypes by spontaneous twinning
probabilities. Row 9 and column 5 contain the marginal
probabilities (italics; .0107 is the 2011 Dutch spontaneous DZ
twinning probability). As indicated, the genotype frequencies are a
function of the risk allele frequency (denoted pFB and pS3 ;
qFB =1-pFB and qS3 =1-pS3 ).
genotype

N risk alleles

DZ Yes

DZ No

genotype frequencies

FB(G;G)
FB(A;G)
FB(A;A)

2
1
0
2
1
0

0.7144
0.2526
0.0223
0.9893
0.0569
0.3607
0.5717
0.9893

0.7225 (pFB 2 )
0.2550 (2∗pFB ∗qFB )
0.0225 (qFB 2 )

S3(C;C)
S3(C;T)
S3(T;T)

0.0081
0.0024
0.00018
0.0107
0.0007
0.0041
0.0059
0.0107

0.0576 (pS3 2 )
0.3648 (2∗pS3 ∗qS3 )
0.5776 (qS3 2 )
1

Table 2.
FSHB (FB) and SMAD3 (S3) haplotypes by spontaneous twinning probabilities. Row
11 and column 5 contain the marginal probabilities (italics; note: .0107 is the 2011
Dutch spontaneous DZ twinning probability). As indicated, the genotype frequencies
are a function of the risk allele frequencies (denoted pFB and pS3 ; qFB =1-pFB and
qS3 =1-pS3 ).
haplotype

N risk alleles

DZ Yes

DZ No

haplotype frequency

FB(G;G) & S3(C;C)
FB(G;G) & S3(C;T)
FB(G;G) & S3(T;T)
FB(A;G) & S3(C;C)
FB(A;G) & S3(C;T)
FB(A;G) & S3(T;T)
FB(A;A) & S3(C;C)
FB(A;A) & S3(C;T)
FB(A;A) & S3(T;T)

4
3
2
3
2
1
2
1
0

0.00053
0.00302
0.00453
0.00016
0.00093
0.00135
0.000012
0.000070
0.000101
0.0107

0.04109
0.26054
0.41279
0.01453
0.09209
0.14594
0.00128
0.00814
0.01289
0.9893

0.04162 (pFB 2 ∗pS3 2 )
0.26357 (pFB 2 ∗2∗pS3 ∗qS3 )
0.41732 (pFB 2 ∗qS3 2 )
0.01469 (2∗pFB ∗qFB ∗pS3 2 )
0.09302 (2∗pFB ∗qFB ∗2∗pS3 ∗qS3 )
0.14729 (2∗pFB ∗qFB ∗qS3 2 )
0.00130 (qFB 2 ∗pS3 2 )
0.00821 (qFB 2 ∗2∗pS3 ∗qS3 )
0.01299 (qFB 2 ∗qS3 2 )
1

TABLE 3
Conditional Probabilities Prob (DZ|genotype) and RRs and OR
Associated with FB (Reference A;A) and S3 Genotypes
(Reference T;T)
Genotype

N risk alleles

RR

OR

Prob(DZ|genotype)

FB(G;G)
FB(A;G)
FB(A;A)
S3(C;C)
S3(C;T)
S3(T;T)

2
1
0
2
1
0

1.392
1.180
1.000
1.188
1.090
1.000

1.397
1.182
1.000
1.190
1.091
1.000

0.0112
0.00950
0.00805
0.01218
0.01117
0.01025

Note: These results are based on the probabilities given in Table 1.

the genotype by twinning probability tables (Tables 1 and 2;
for details, see the Appendix; R scripts used as available as
supplemental material).

Effect Sizes: Odds Ratios and Relative
Risks
ORs and RRs are standard measures of effect size, given a binary outcome. These measures are shown in Table 3 (separately for FB and S3) and in Table 4 (haplotypes). The values
were calculated relative to the zero risk allele genotypes and
haplotype. Note that the ORs and RRs are similar because
TWIN RESEARCH AND HUMAN GENETICS

the prevalence of the outcome is low (i.e., 0.0107). We have
also included the probabilities of a spontaneous DZ birth
given (conditional on) the genotype (Table 3) and haplotype (Table 4), as we propose to focus on these probabilities
in communicating the effects.

How to Convey These Results to a
General Audience
Effect sizes expressed in terms of ORs and RRs pose no
problem for (genetic) epidemiologists. However, as their interpretation requires knowledge of probability theory, we
consider them unsuited for the general readership of newspapers and other media. To convey these effect sizes in simple terms, it is desirable to avoid terms like ‘odds’, ‘odd ratio’,
‘conditional probabilities’, and ‘RR’. We propose to present
the effects for the combined effects of FB and S3 as follows:
‘In the Dutch population the probability of spontaneous DZ
twinning is 10.7 per 1,000 births. If the risk alleles were
absent, this would be 7.76 per 1,000 births. If all females
carried all four risk alleles, this would be 12.71 per 1,000
births’. This is an attempt to express, in natural language,
the effect size in terms of the conditional probabilities associated with the double homozygotes (FB(A;A) & S3(T;T)
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TABLE 4
Allelic ORs and RRs Associated With the Two SNPs
Haplotype

N risk alleles

RR

OR

Prob(DZ|haplotype)

FB(G;G) and S3(C;C)
FB(G;G) and S3(C;T)
FB(G;G) and S3(T;T)
FB(A;G) and S3(C;C)
FB(A;G) and S3(C;T)
FB(A;G) and S3(T;T)
FB(A;A) and S3(C;C)
FB(A;A) and S3(C;T)
FB(A;A) and S3(T;T)

4
3
2
3
2
1
2
1
0

1.637
1.478
1.397
1.397
1.289
1.179
1.182
1.092
1.000

1.645
1.483
1.401
1.401
1.292
1.181
1.184
1.093
1.000

0.01271
0.01147
0.01085
0.01085
0.01001
0.00916
0.00918
0.00848
0.00776

Note: The ORs and RRs associated with the haplotypes (reference A;A and T;T).
These results are based on the probabilities given in Table 2.

and FB(G;G) and S3(C;C)). Note that the value 10.7 is based
on the 2011 Dutch spontaneous twinning probability (i.e.,
0.0107; Glasner et al., 2013), and the values 7.76 and 12.71
are prob(DZ|{FB(A;A) & S3(T;T)}) and prob(DZ|{FB(G;G)
& S3(C;C)}), respectively (see Table 4, column 5). Similar
statements can be formulated for FB and S3 in isolation.
We believe that the expression (in natural language) of
effect size relating to a continuous phenotype is relatively
simple, as one can avoid statistical terms like ‘variance explained’ and ‘correlation’, by relating the allelic effect directly to the scale used to measure the phenotype. However, such statements of effect size remain natural language
expressions concerning conditional distributions (rather
than conditional probabilities). For instance, Loos and Yeo
(2014), in their discussion of the effects of the FTO locus,
related the risk allele to a 0.39 kg/m2 increase in body mass
index and to an increase in weight of 1,130 g for a person of
1.70 m.
DZ twinning is obviously a polygenic trait. Polygenic risk
scores results in Mbarek et al. (2016) reflect the polygenic
contribution to the susceptibility to DZ twinning and its association with greater reproductive ability. Revealing more
signals associated with this trait will provide a clear picture
of the risk prediction for having DZ twins.
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TABLE A1

TABLE A2

Genotype By Twinning Probability

Approximate FSHB (FB) and SMAD3 (S3) Haplotypes By
Spontaneous Twinning Probabilities

Genotype

DZ yes

DZ no

Genotype probability

FB(G;G)
FB(G;A)
FB(A;A)

a
c
e
a+c+e

b
d
f
b+d+f

a+b
c+d
e+f
1

Appendix
In the following Table A1 (based on FSHB), the marginal probabilities, that is, the genotype probabilities (a+b, c+d, e+f)
and the spontaneous DZ twinning probability (a+c+e) are
given in italics. In addition, given the additive model, we have
(c/(c+d))/(e/(e+f) = (a/(a+b))/(b/(a+b)) = RR (relative risk).
The ORs (odd ratios) with FB(A;A) are the reference, are
(c/d)/(e/f) and (a/b)/(e/f).
Based on this information, we calculated the probabilities, denoted a to f in Table A2, by simple least squares in R (the R code
is available as supplemental material). The haplotype by twinning probability table can be obtained in the same manner. However, it is easier to first construct Table A1 (see Table 1), to calculate prob(FB genotype | DZ outcome) and prob(S3 genotype |
DZ outcome), and then to use these to approximate prob({FB
genotype and S3 genotype} | DZ outcome) as prob(FB genotype | DZ outcome)*prob(S3 genotype | DZ outcome). This
approximation is good, because the effect sizes are relatively

TWIN RESEARCH AND HUMAN GENETICS

Haplotype

DZ yes

DZ no

Haplotype
frequency

Prob(DZ|
haplotype)

FB(G;G) & S3(C;C)
FB(G;G) & S3(C;T)
FB(G;G) & S3(T;T)
FB(A;G) & S3(C;C)
FB(A;G) & S3(C;T)
FB(A;G) & S3(T;T)
FB(A;A) & S3(C;C)
FB(A;A) & S3(C;T)
FB(A;A) & S3(T;T)

0.00053
0.00308
0.00448
0.00016
0.00092
0.00134
0.00001
0.00007
0.00010
0.0107

0.04108
0.26048
0.41284
0.01453
0.09210
0.14595
0.00128
0.00814
0.01290
0.9893

0.04162
0.26357
0.41732
0.01469
0.09302
0.14729
0.00130
0.00821
0.01300
1

0.01276
0.01170
0.01074
0.01081
0.00992
0.00910
0.00918
0.00841
0.00771

Note: The last row contains the marginal spontaneous DZ twinning probability (in italics; 0.0107). Column 5 contains the conditional probabilities (prob(DZ|haplotype). As expected, these closely resemble
those given in Table 4; column 5).

small. Given these conditional probabilities and prob(DZ outcome), we applied Bayes’ theorem to obtain prob(DZ outcome
| {FB genotype and S3 genotype}). Subsequently, given these
and the haplotype probabilities (which depend only on the allele frequencies), we calculated the 18 entries of the haplotype x DZ twinning table (see Table A2). The R code we used
to obtain the entries in Table A2 is available as supplemental
material.
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