Supplementary information

Notes

1. Synesthesia screening questionnaire
Participants received the following introduction and questions in Swedish language (here translated to English by the authors). To each of the questions, they chose one out of four answer possibilities (“yes”, “yes, to some extent”, “no”, “I don’t know / don’t want to answer”).
“For some people, specific sensory stimuli are associated with additional sensations (like e.g. color or shape), which is called “synesthesia”. Synesthesia is a sensory phenomenon occurring in at least 4% of the general population. Below, we describe some of the more common synesthesia types and ask you to rate whether/to what extent you are experiencing them.
1) Do you associate letters with colors (Example: Do you usually see or think of a specific color when you see the letter “A”)?
2) Do you associate digits with colors (Example: Do you usually see or think of a specific color when you see the number “3”)?
3) Do you associate weekdays with colors (Example: Do you usually see or think of a specific color when you think about the weekday “Monday”)?
4) Do you associate names of months with colors (Example: Do you usually see or think of a specific color when you think about the month “June”)?
5) Do associate sounds (e.g. music, noises or voices) with colors and/or shapes (Example: Do you usually think that a piano tone is, for instance, blue, or that the barking of a dog has the shape of e.g. a square)?
6) Do you perceive the week or the year as having a specific shape (Example: Do you usually think that the 12 months of the year build together the shape of, for instance, a line, a circle, etc.)?
7) Do you associate digits with specific personality traits (Example: Do you perceive one digit as brave and another digit as shy)?
8) Do you associate people with colors (Example: do you usually see or think of the color green when meeting a specific friend)?”
2.   Response distribution on the synesthesia screening questionnaire
As can been seen in Supplementary Table 1 and Supplementary Figure 1, the most commonly endorsed synesthesia item was the one assessing sequence-space synesthesia, i.e. experiencing sequences like the days of the week or the months of the year as forming a specific shape / spatial arrangement. 15.57% answered “yes” to this item, and another 15.24% with “yes, to some extent”. This was an expected finding, given that the estimated prevalence of this synesthesia type is higher (8 - 13%, Ward et al., 2018, reference 3 in the main article) compared to the prevalence of other synesthesia types when assessed with an objective synesthesia test. For instance, the prevalence of grapheme-color synesthesia, where letters or numbers lead to automatic color sensations, has been estimated to be 1-2% (Simner et al., 2006, see reference 2 in the main article). Here, 2-3% of the participants responded with “yes” to the questions regarding color associations with letters or numbers, and 5-7% responded with “yes, to some extent”. The second most commonly endorsed items concerned month-color synesthesia (5.98% answered with “yes” and 15.23% with “yes, to some extent”), while the most rarely endorsed item concerned auditory-visual synesthesia (1.48% answered yes and 4.88% with “yes, to some extent”). Taken together, while the relative endorsement of the different synesthesia items corresponds well to what was expected based on the literature, the higher percentages of endorsements in this study likely reflects the fact that a substantial proportion of individuals self-identifying as synesthetes tends to not fulfil objective test criteria for synesthesia (Simner, 2012, see reference 36 in the main article).
The sum score over all synesthesia screening items was skewed (see Supplementary Figure 2), with the largest category of participants being those scoring zero. This was also expected, given that synesthetes are believed to be a minority in the general population.


3. Model assumptions testing
In order to test the classic twin model assumptions of equal means and variances for across zygosity groups and twin order, we added constraints equating means and variances over zygosity groups and twin orders to the saturated univariate model in a stepwise manner, compared these increasingly constrained models to the fully saturated model in terms of model fit. Models were compared using likelihood-ratio tests. As these more constrained models did not have significantly worse model fit compared to the fully saturated model (see Supplementary Table 2), we concluded that the twin model assumptions were met.

4. Model fit assessment of the classical twin models
In order to test whether the ACE twin model models the variance of the data reasonably well, we compared its model fit to the model fit of the fully saturated model using likelihood-ratio tests. In order to assess whether a more parsimonious twin model than the ACE model would fit the data similarly well, we run several nested models (AE, CE, and E) and compared their model fit to the model fit of the ACE model using likelihood-ratio tests. For the univariate twin model, the model fit was not significantly worse for the ACE compared to the saturated model (see Supplementary Table 3). Similarly, the ACE model did not fit significantly worse compared to the saturated model for all three bivariate models on the association between synesthesia screening score and autistic traits, total and sub-domains (see Supplementary Table 4). Also similar for all these four models, the AE model did not have significantly worse model fit compared to the ACE model, indicating that variance component “C” (shared environment) did not explain a significant amount of variance in individual differences in synesthesia or covariance between individual differences in synesthesia and autistic traits. We therefore report the results of the AE twin models for all analyses.


5. Results from the sensitivity analysis with the synesthesia score calculated with an alternative scoring method
We repeated all analyses with an alternative way of calculating the synesthesia score where all sequence-color synesthesia types together are counted together (Novich et al., 2011, reference 35 in the article). For this, sequence-color synesthesia types (items 1-4) were scored as one (i.e. a person responding “yes” or “yes, to some extent” for any of these types scoring 1 or 0.5, respectively, for all of these four items together. The maximum score was hence 5 instead of 8, and the mean value slightly lower (mean = .63, SD = .92, skew before log-transform = 1.72).
The univariate and bivariate model results (presented in Supplementary Tables 5-10) were very similar compared to the results for the total sum score of the synesthesia screening used in the main analyses. More specifically, the twin model assumptions were met for univariate model (Supplementary Table 5) and the AE model was selected (Supplementary Table 6). Like in the main analysis, the additive genetic component A was estimated to explain 46% (95% CI = 40 – 51%) of the variance in the synesthesia screening calculated with the Novich et al. (2011) method, while non-shared environment was estimated at 54% (95% CI = 49 – 60). The twin correlations were stronger (95% confidence intervals, CI, not overlapping) in MZ twins (estimate = .46, 95% CI = .40 - .53) compared to same-sex DZ twins (estimate = .22, 95% CI = .15 - .28) and the opposite-sex DZ pairs (estimate = .20, 95% CI = .13 - .27), like in the main analysis. 
Regarding the bivariate analyses, the model fit (Supplementary table 7), the phenotypic, genetic and non-shared environmental correlations (Supplementary table 8) between the synesthesia screening calculated with the Novich et al. (2011) method and autistic traits (total and sub-scores) and the variance components A and E of the corresponding bivariate models were similar as in the main analysis (Supplementary Table 9).


Supplementary Figures

Supplementary Figure 1: Percent endorsement of the four response options per question across the entire included cohort for the synesthesia screening questionnaire.
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Supplementary Figure 2: Synesthesia score distribution across the entire included sample.



Supplementary Tables

Supplementary Table 1: Percentages of answers endorsed on the synesthesia screening questionnaire
	answer category
	1
	2
	3
	4
	5
	6
	7
	8

	
	letter-color
	number-color
	weekday-color
	month-color
	auditory-visual
	sequence-space
	number-personality
	people-color

	no
	90.89
	91.68
	84.16
	78.79
	93.64
	69.18
	91.38
	87.52

	yes, to some extent
	6.78
	5.60
	10.13
	15.23
	4.88
	15.57
	5.98
	9.11

	yes
	2.33
	2.73
	5.71
	5.98
	1.48
	15.24
	2.64
	3.37

	don’t know / don’t want to answer
	.35
	.21
	.19
	.33
	.40
	.56
	.33
	.56


Note. Percentage of chosen answers per item of individuals completing the synesthesia screening.


Supplementary Table 2: Assumptions testing univariate model
	Base model

________



_______
	Test model
______
	N Para-meters
_______
	df

___
	minus2LL

________
	diff LL

______
	diff df

___
	p

___

	Sat
	NA
	10
	2836
	7866.77
	NA
	NA
	NA

	Sat
	Sat2
	8
	2838
	7867.25
	.48
	2
	.79

	Sat
	Sat3
	7
	2839
	7867.77
	1
	3
	.80

	Sat
	Sat4
	5
	2841
	7868.55
	1.78
	5
	.88

	Sat
	Sat5
	4
	2842
	7868.73
	1.96
	6
	.92


Note. Sat = fully saturated model with separate means and variance for twin 1 and 2 and zygosity groups. In Sat2, means were constrained to be equal across twin and 2 and in Sat3 additionally the variances. In Sat4 and Sat5, means and variances were additionally constrained to be equal across zygosity groups. Note that for assumptions testing, the DZ twins were restricted to same-sex twins because opposite and same sex DZ twins differed in mean synesthesia scores. df = degrees of freedom; minus2LL = minus 2*log-likelihood of the comparison model; diff LL = difference in minus 2*log-likelihoods of the base and comparison model; diff df = difference in degrees of freedom between base and comparison model; p = p-value for likelihood ratio test based on difference in -2LL and difference in df values.







Supplementary Table 3: Fit statistics of the different versions of the univariate twin model for synesthesia
	Base model
______
	Test model
_______
	N Para-meters
_______
	df

____
	minus2LL

__________
	diff LL

_______
	diff df

_________
	p

______

	Sat
	ACE
	4
	4258
	11855.19
	1.71
	NA
	.94

	ACE
	AE
	3
	4259
	11855.19
	0
	1
	1

	ACE
	CE
	3
	4259
	11899.97
	44.77
	1
	<.001

	ACE
	E
	2
	4260
	12094.03
	238.84
	2
	<.001


Note. Sat = fully saturated model; A = additive genetics; C = shared environments; E = non-shared environment; df = degrees in freedom of the comparison model; df = degrees of freedom; minus2LL = minus 2*log-likelihood of the comparison model; diff LL = difference in minus 2*log-likelihoods of the base and comparison model; diff df = difference in degrees of freedom between base and comparison model; p = p-value for likelihood ratio test based on difference in -2LL and difference in df values. 


Supplementary Table 4: Fit statistics of the different versions of the bivariate twin model
	Base model
_______
	Test model
______
	N Para-meters
________
	df

_____
	minus2LL

_________
	diff in LL

________
	diff in df

________
	p

_____

	 Total autistic traits * synesthesia 

	Sat
	ACE
	11
	22903.26
	8249
	15.03
	17
	.59

	ACE
	AE
	8
	22903.26
	8252
	0
	3
	1

	ACE
	CE
	8
	22975.76
	8252
	72.5
	3
	<.001

	ACE
	E
	5
	23323.16
	8255
	419.9
	6
	<.001

	 RRBI-D * synesthesia 

	Sat
	ACE
	11
	21516.95
	7734
	10.29
	17
	.89

	ACE
	AE
	8
	21516.95
	7737
	0
	3
	1

	ACE
	CE
	8
	21574.62
	7737
	57.68
	3
	<.001

	ACE
	E
	5
	21844.66
	7740
	327.71
	6
	<.001

	 SIC * synesthesia 

	Sat
	ACE
	11
	22565.31
	8094
	16.03
	17
	.52

	ACE
	AE
	8
	22565.31
	8097
	0
	3
	1

	ACE
	CE
	8
	22652.74
	8097
	87.43
	3
	<.001

	ACE
	E
	5
	22963.53
	8100
	398.22
	6
	<.001


 Note. Comparisons between fully saturated, ACE and nested bivariate models. RRBI-D = repetitive behaviors; restricted interests and attention to detail; SIC = social interaction and communication difficulties; A = additive genetics; C = shared environments; E = non-shared environment; df = degrees of freedom; minus2LL = minus 2*log-likelihood of the comparison model; diff LL = difference in minus 2*log-likelihoods of the base and comparison model; diff df = difference in degrees of freedom between base and comparison model; p = p-value for likelihood ratio test based on difference in -2LL and difference in df values.


Tables of the results for the alternative method of score calculation according to Novich et al. (2011)

Supplementary Table 5: Fit statistics of the different version of the univariate twin model with the synesthesia score calculated with the Novich et al. (2011) method
	Base model

________



_______
	Test model

_________
	N Para-meters
_______
	df

____
	minus2LL

________
	diff LL

______
	diff df

_____
	p

___

	Sat
	NA
	10
	2836
	7878.93
	NA
	NA
	NA

	Sat
	Sat2
	8
	2838
	7879.63
	.70
	2
	.71

	Sat
	Sat3
	7
	2839
	7880.72
	1.79
	3
	.62

	Sat
	Sat4
	5
	2841
	7882.36
	3.43
	5
	.63

	Sat
	Sat5
	4
	2842
	7882.36
	3.43
	6
	.75


Note. Sat = fully saturated model with separate means and variance for twin 1 and 2 and zygosity groups. In Sat2, means were constrained to be equal across twin and 2 and in Sat3 additionally the variances. In Sat4 and Sat5, means and variances were additionally constrained to be equal across zygosity groups. Note that for assumptions testing. the DZ twins were restricted to same-sex twins because opposite and same sex DZ twins differed in mean synesthesia scores.  df = degrees of freedom; minus2LL = minus 2*log-likelihood of the comparison model; diff LL = difference in minus 2*log-likelihoods of the base and comparison model; diff df = difference in degrees of freedom between base and comparison model; p = p-value for likelihood ratio test based on difference in -2LL and difference in df values.

Supplementary Table 6: Fit statistics of the different versions of the univariate twin model with the synesthesia score calculated with the Novich et al. (2011) method
	Base model
______
	Test model
_______
	N Para-meters
_______
	df

____
	minus2LL

__________
	diff LL

_______
	diff df

_________
	p

______

	Sat
	ACE
	4
	4258
	11868.40
	1.8
	6
	.94

	ACE
	AE
	3
	4259
	11868.40
	0
	1
	1

	ACE
	CE
	3
	4259
	11908.41
	40.01
	1
	<.001

	ACE
	E
	2
	4260
	12094.03
	225.63
	2
	<.001


Note. Sat = fully saturated model; A = additive genetics; C = shared environments; E = non-shared environment; df = degrees in freedom of the comparison model; df = degrees of freedom; minus2LL = minus 2*log-likelihood of the comparison model; diff LL = difference in minus 2*log-likelihoods of the base and comparison model; diff df = difference in degrees of freedom between base and comparison model; p = p-value for likelihood ratio test based on difference in -2LL and difference in df values. The selected model (AE) is marked in BOLD. 







Supplementary Table 8: Fit statistics of the different versions of the bivariate twin model with the synesthesia score calculated with the Novich et al. (2011) method
	base model
______
	test model
______
	N Para-meters
_______
	df

___
	minus2LL

_________
	diff in LL

________
	diff in df

________
	p

______

	 Total autistic traits * synesthesia 

	Sat
	ACE
	11
	8249
	22911.71
	14.99
	17
	.60

	ACE
	AE
	8
	8252
	22911.71
	0
	3
	1

	ACE
	CE
	8
	8252
	22979.43
	67.73
	3
	<.001

	ACE
	E
	5
	8255
	23318.37
	406.67
	6
	<.001

	 RRBI-D * synesthesia 

	Sat
	ACE
	11
	7734
	21521.02
	10.67
	17
	.87

	ACE
	AE
	8
	7737
	21521.02
	0
	3
	1

	ACE
	CE
	8
	7737
	21574.16
	53.14
	3
	<.001

	ACE
	E
	5
	7740
	21835.57
	314.55
	6
	<.001

	 SIC * synesthesia 

	Sat
	ACE
	11
	8094
	22578.63
	16.57
	17
	.48

	ACE
	AE
	8
	8097
	22578.63
	0
	3
	1

	ACE
	CE
	8
	8097
	22661.07
	82.44
	3
	<.001

	ACE
	E
	5
	8100
	22963.32
	384.69
	6
	<.001


Note. Comparisons between fully saturated. ACE and nested bivariate models. RRBI-D = repetitive behaviors; restricted interests and attention to detail; SIC = social interaction and communication difficulties; A = additive genetics; C = shared environments; E = non-shared environment; df = degrees of freedom; minus2LL = minus 2*log-likelihood of the comparison model; diff LL = difference in minus 2*log-likelihoods of the base and comparison model; diff df = difference in degrees of freedom between base and comparison model; p = p-value for likelihood ratio test based on difference in -2LL and difference in df values.

[bookmark: _Hlk129370913]Supplementary Table 9:  Twin correlations from bivariate models with the synesthesia score calculated with the method suggested by Novich et al. (2011) 
	
	MZ
___________
	DZ
___________

	Bivariate model: synesthesia and total autistic traits

	Synesthesia
	.46 (.40 - .52)
	.21 (.16 - .26)

	Total autistic traits
	.44 (.37 - .49)
	.21 (.15 - .26)

	CTCT
	.11 (.07 - .16)
	.06 (.02 - .10)

	Bivariate model: synesthesia and RRBI-D

	Synesthesia
	.46 (.40 - .52)
	.21 (.16 - .26)

	RRBI-D
	.36 (.28 - .43)
	.17 (.11 - .23)

	CTCT
	.15 (.09 - .20)
	.06 (.02 - .10)

	Bivariate model: synesthesia and SIC

	Synesthesia
	.46 (.40 - .52)
	.21 (.16 - .26)

	SIC
	.47 (.40 - .53)
	.16 (.10 - .21)

	CTCT
	.08 (.03 - .12)
	.03 (-.01 - .07)


Note. Twin correlations (how much each trait correlates between twins of a pair) and cross-twin-cross trait (CTCT) correlations in sub-samples of monozygotic (MZ) and dizygotic (DZ) twins, extracted from the constrained, saturated bivariate models. RRBI-D = repetitive behaviors; restricted interests and attention to detail, SIC = social interaction and communication difficulties.

[bookmark: _Hlk129962690]Supplementary Table 10: Phenotypic, genetic and non-shared environmental correlations from bivariate AE models with the synesthesia score calculated with the method according to Novich et al. (2011)  
	
	rPh (95% CI)
____________
	rA (95% CI)
___________
	rE (95% CI)
___________

	Total autistic traits
	[bookmark: _GoBack].17 (.14 - .20)
	.27 (.17 - .36)
	.09 (.03 - .16)

	RRBI-D
	.20 (.16 - .23)
	.35 (.24 - .46)
	.10 (.03 - .17)

	SIC
	.09 (.06 - .13)
	.17 (.07 - .27)
	.03 (-.03 - .10)


Note; rPh = overall phenotypic correlation between synesthesia and autistic traits (total and sub-domains) derived from the bivariate AE models; rA = additive genetic correlation; rE = non-shared environmental correlation; CI = confidence interval; RRBI-D = repetitive behaviors, restricted interests and attention to details SIC = social interaction and communication difficulties.
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