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Abstract

Background: The serotonin transporter polymorphism 5-HTTLPR is an extensively
investigated genetic marker of autistic traits or autism spectrum disorder, and recently
has also been studied in the realm of internet use disorder (IUD), yet the findings
remain controversial. Therefore, the present study aimed to explore associations
between 5-HTTLPR (also including SNP rs25531) and autistic traits/IUD tendencies
and to assess whether the relationship between autistic traits and IUD tendencies
varies by this genetic marker in participants from China and Germany.

Methods: A total of 540 Chinese and 563 German subjects were genotyped for 5-
HTTLPR/rs25531 and completed the Adult Autism Spectrum Quotient questionnaire
and the short version of the Internet Addiction Test.

Results: Carriers of the low expressing S'S’ genotype (S, L) showed significantly higher
levels of autistic traits than the high expressing allele (e.g. L) carriers in both samples.
There was no significant effect of 5-HTTLPR/rs25531 on IUD either in the Chinese
or Germany samples, whereas positive correlations between autistic traits and IUD
varied by 5-HTTLPR/rs25531 genotypes and also differed between Chinese and Ger-
man samples. In the Chinese sample, positive correlations were mainly driven by S’'S’
and S’L’ carriers, while they were mainly determined by S’L’ and L'L’ carriers in the
German sample. Further analyses revealed that the associations between autistic traits
and IUD tended in parts to be more strongly pronounced in the complete German
sample compared to the complete Chinese sample, and also varied depending on
5-HTTLPR/rs25531 genotypes (in S'S’ carriers: China > Germany; in S’L’ and L'L’
carriers: China < Germany; both in terms of more positive associations).

Conclusions: Our findings suggest carriers of low expressing alleles (S, Lg) are more
likely to show higher autistic traits in both Chinese and German samples. Furthermore,
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1 | INTRODUCTION

Autistic traits measured in the general population follow a smooth
distribution, with the most severe end of the continuum being asso-
ciated with clinical recognition of autism spectrum disorder (ASD)
(Baron-Cohen et al., 2001; Lundstrom et al., 2012; Ronald et al.,
2006). It has been well established in twin studies that genetics play a
tremendous role to understand the risk for ASD, with heritability rates
ranging from 64% to 91% (Folstein & Rutter, 1977; Tick et al., 2016).
Correspondingly, a genome-wide association study provided further
evidence for a shared genetic etiology and biology between ASD and
autistic traits, which suggests that genetic studies of autistic traits
might yield novel ASD genes and loci (Bralten et al., 2018).

Among the candidate genetic factors for association studies in the
etiology of ASD, the serotonin transporter (5-HTT) gene (SLC6A4)
is one of the most promising (Heils et al., 1996). The SLC6A4 gene
bears a 44 base pair insertion/deletion polymorphism in the promoter
region (5-HTT gene linked polymorphic region, 5-HTTLPR, (Heils
et al., 1996)), which mediates the reuptake of serotonin from synaptic
spaces into presynaptic neurons. 5-HTTLPR was initially considered
functionally bi-allelic, with a short allele (S, 14 repeats) and a long allele
(L, 16 repeats). Relative to the L allele, the S allele has been reported
to result in lower transcription activity in mRNA levels, serotonin
binding, and reuptake (Little et al., 1998). So far, research findings
regarding associations between 5-HTTLPR and ASD vyielded highly
heterogeneous findings, with some studies reporting the S allele to
be the risk variant for ASD (e.g., Arieff et al., 2010a; Meguid et al.,
2015), while other studies suggest the L allele as the risk variant
(e.g., Cho et al.,, 2007), whereas recent reviews and meta-analyses
have reported no association (e.g., Nufez-Rios et al., 2020; Wang
et al., 2019; Wei et al.,, 2021). One possible explanation for these
inconsistent results observed in the literature might be the different
grouping of the genotypes (SS, SL, and LL in S+/S- or L+/L- groups), or
not taking into account an important single nucleotide polymorphism
(SNP; rs25531(A=> G)), which is known to further modulate the mRNA
expression of the SLC6A4 gene (Hu et al., 2006). In detail, SNP rs25531
has been identified within the L allele, further dividing the L allele into
La and Lg and thus leading to a tri-allelic genotyping classification (S,
La, and Lg) (Nakamura et al., 2000). The 5-HTT protein transcription
level of Lg is almost equivalent to that of S, with both being lower than
La. This approach reclassified Lg and Sas S’ and Lp as L’ (Zalsman et al.,
2006). Hence, if the rs25531 genotype is not taken into account, Lg
may have been misclassified as a “high expression” variant in previous
studies. Of note, to our knowledge, the tri-allelic 5-HTTLPR/rs25531
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the present work shows that both 5-HTTLPR/rs25531 and cultural differences might
be of relevance to understand associations between autistic traits and IUD tendencies,
but this needs to be further backed up.

Germany, internet use disorder, serotonin transporter gene

classification method has not been used for investigating the relation-
ship between 5-HTTLPR and autistic traits in the general population
until now, so this will be one of the aims of the present study. This is
not the only aim of the present study. It is also aimed to touch upon
a less studied field in the context of autistic traits, namely its link
with internet use disorder(s) (IUDs). The positive association between
autistic traits and IUD was robustly presented earlier in the literature
(Finkenauer et al., 2012; Romano et al., 2014; Zhang et al., 2021).

IUD is a condition describing addictive or problematic behaviors
related to online activities such as gaming, gambling, shopping, and
social communication (for a recent taxonomy see Montag et al., 2021).
Factors disposing a person toward developing IUD are complex. The
so-called I-PACE model suggests that a complex interaction of person-
affect-cognition and execution variables might be at the heart of IUD
(Brand et al., 2016). In the context of the present study, we consider
that a critical factor may be individual genetic variation and it is of
prominent interest that a critical element of the person-variable of
the 1-PACE model represents genetics (Brand et al., 2016). Several
studies have investigated the molecular genetic basis of IUD (Montag
et al., 2012; Paik et al., 2017; Sindermann et al., 2021), and some even
studied links between 5-HTTLPR and IUD (for instance, with a focus
on internet gaming disorder, for an overview see Montag & Reuter
(2017)). However, the findings on the relationship between 5-HTTLPR
and IUD were all based on a bi-allelic (S and L) classification and were
inconsistent so far: Lee et al. (2008) found that the homozygous S/S
genotype was more prevalent among individuals with IUD (Lee et al.,
2008), and Sun et al. (2016) indicated that individuals with S/S geno-
type showed higher levels of IUD (in particular in male participants, but
the sample was very small). Nonetheless, a more recent work failed to
detect a significant relationship between I[UD and 5-HTTLPR (Cerniglia
et al., 2020). Hence, it is necessary to assess the relationship between
5-HTTLPR and IUD by also taking into account the SNP rs25531.

Cultural differences, as a common environmental factor interact-
ing with genetics, might be a further potential factor influencing
the relationships between 5-HTTLPR and IUD/autistic traits. The
present work therefore investigated samples from China and Ger-
many since both prevalence of 5-HTTLPR/rs25531 genotypes and
IUD in populations vary by ethnic groups. For 5-HTTLPR/rs25531,
the frequencies of S'S, S'L, and L'L’ variants in Han-Chinese sub-
jects (Ho et al., 2016) were different from those of Caucasians
(Zalsman et al., 2006). Aside from this, the prevalence of IUD among
adolescents is much higher in Asian countries (2% to 18%) than in
European countries (1%-9%; Spada, 2014). See also a recent edi-

torial with prevalences for China (Montag & Becker, 2020). These
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Results from previous research investigating
associations between the 5-HTTLPR
polymorphism and autism/internet use
disorder (IUD) yield heterogenous findings.

China.

To test for robustness of effects, a cross-
cultural approach was chosen to see if
associations would be same in Germany and

[

Chinese sample:
n =540, 354 males and 186 females,
age: 21.70 + 2.16, 18 — 29 years old

A

Questionnaires (Chinese versions):
Autism Spectrum Quotient (AQ)

Short Internet Addiction Test (s-IAT)
Genotyping analyses:

S and Lg were grouped as S’, Lywas
renamed as L': S'S’, S'L’ and L'L’

v

German sample:
n =563, 176 males and 387 females,
age: 23.44 +5.38, 18 — 59 years old

Questionnaires (German versions):
Autism Spectrum Quotient (AQ)

Short Internet Addiction Test (s-IAT)
Genotyping analyses:

S and Lg were grouped as S’, L, was
renamed as L': S'S’, S'L"and L'L’

The present findings suggest that carriers of low expressing alleles (S,
Lg = S’) are more likely to be associated with higher autistic traits in both
the present Chinese and German sample. Both 5-HTTLPR/rs25531 and
cultural differences might be of relevance to understand associations
between autistic traits and IUD tendencies.

FIGURE 1 Flow chart of the research process of this study

observations underline that both genetic and environmental factors
are of relevance to be considered in the study of autistic traits and IUD
tendencies.

In the current study, we investigated the potential associations
between 5-HTTLPR/rs25531 and autistic traits as well as 1UD ten-
dencies in subclinical populations from two countries with Asian and
Caucasian populations (China and Germany; see also Figure 1 with
the flowchart of the main steps in the present study). Given that
in the literature a role of sex has been found to be of relevance in
genetic association studies of 5-HTTLPR (Laplante et al., 2019), we
also took into account sex as a relevant variable in our statistical
analyses. To sum up: Firstly, we revisited findings from our last work
with a focus on the investigation of positive relations between autis-
tic traits and IUD tendencies (Zhang et al., 2021). Secondly, we were
interested to explore associations of 5-HTTLPR/rs25531 with indi-
vidual differences in autistic traits and IUD tendencies, and to assess
whether the relationship between autistic traits and IUD tendencies
varies by this genetic marker in participants from China and Germany.
We expected that (1) higher autistic traits should be correlated with
higher tendencies toward IUD in both samples; (2) certain constella-
tions of 5-HTTLPR/rs25531 (probably the S’ allele, although findings
are heterogenous) might be a genetic risk factor for developing autistic
traits and IUD tendencies and might affect the associations between

autistic traits and IUD tendencies, potentially to a different extent in

the Chinese and German samples. In particular, the latter part of the

hypothesis section (2) is of an exploratory nature.

2 | MATERIALS AND METHODS

2.1 | Participants

A total of N = 1103 participants (540 Chinese, 563 German) were
recruited in the present study. Participants gave written informed con-
sent to participate in our study and received monetary compensation.
The procedure was mostly identical in China and Germany, includ-
ing protocols for questionnaires and 5-HTTLPR/rs25531 genotyping
(see for some differences in the s-IAT measures section below). As
the aim was to detect effects at a subclinical level, only participants
who reported having no history of neurological or psychiatric disorders
were included in the study. The present study focused on autistic traits;
participants with diagnosed autism disorder were not considered in the
present analyses.

In the Chinese sample, participants were included from two sep-
arate projects. Some participants (n = 304, age: 21.73 + 2.03,18-27
years; sex: 230 males vs. 74 females) were recruited as part of the
Chengdu Gene Brain Behavior Project (CGBBP) and the remaining
(n = 236, age: 21.65 + 2.33, 18-29 years; 124 males vs. 112 females)
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were recruited from an experiment measuring psychological traits out-
side the CGBBP at University of Electronic Science and Technology
of China (UESTC). In the German sample, all participants (n = 563,
age: 23.44 + 5.38, 18-59 year; sex: 176 males vs. 387 females) were
recruited via the Ulm Gene Brain Behavior Project (UGBBP) at Ulm
University. A subgroup of the here-analyzed participants from CGBBP
in the Chinese sample (n = 166) has been included in our last work
investigating the relationship between autistic traits, internet liter-
acy, and IUD (Zhang et al., 2021). Of note, there is no overlap with
the present German sample and the one reported in Zhang et al.
(2021). As the main purpose of the current study was to assess the
molecular genetic associations between 5-HTTLPR/rs25531 and autis-
tic traits/IUD tendencies, the overlapping subjects were kept in the
Chinese sample to enhance the statistical power. Moreover, we also
ran the same statistical analyses for assessing associations between
autistic traits and IUD tendencies after excluding the overlapping
participants, and these results are presented in the Supplementary
Materials (from Supplementary Table 4 to Supplementary Table 7).
The current study was approved by the local ethics committees at
UESTC (number: neuscan-298/302), Chengdu, China as well as at Ulm
University, Ulm, Germany (number: 127/13).

2.2 | Self-report measures

To measure individual differences in the levels of autistic traits and the
tendencies toward IUD, two validated self-report questionnaires, that
is, autism spectrum quotient (AQ) (Baron-Cohen et al., 2001) and the
short internet addiction test (s-1AT) (Stodt et al., 2018) were assessed
via filling in the survey on the online platform SurveyCoder pro-
grammed by Christopher Kannen (ckannen.com). Both questionnaires
are available in Chinese and German.

The AQ was used to measure the level of autistic traits in popula-
tions with normal intelligence (Baron-Cohen et al., 2001). It consists
of 50 items and each item is a brief statement answered via a 4-point
Likert response (from “1 = definitely agree” to “4 = definitely dis-
agree”). Response to each item is coded using a binary system (0/1),
where an endorsement of the autistic trait (either “slightly agree”, or
“definitely agree”) is scored as 1, while other responses are scored as
0. Total scores of the AQ range from 0 to 50 with higher scores reflect-
ing the presence of more severe symptoms of autistic traits (Ruzich
et al., 2015; Woodbury-Smith et al., 2005). The original version of AQ
was designed to yield a five factor structure (10 questions pertaining
to each of the five subscales) including social skills, attention switching,
attention to details, communication, and imagination (Baron-Cohen et al.,
2001). However, internal consistencies of some subscales showed low
reliability coefficients in both samples (e.g., attention switching and
imagination subscales, Cronbach’s a < 0.500, see Table 1) and we
therefore used another AQ subscale classification proposed by Austin
(2005) constituting three subscales: social skills, details/pattern, and
communication/mindreading. This version includes 26 items selected
from the original 50 items and yielded better internal consistencies in
both samples as presented in Table 1 (see reliabilities for both the five

and three subscale structure versions in this table). In order to be more
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TABLE 1 Thereliabilities (Cronbach’s «) of variables under
investigation in the Chinese and German samples

Chinese sample German sample

Domain/variable (n = 540) (n=563)
AQ scores 0.669 0.762
AQSS 0.703 0.735
AQAS 0.278 0.472
AQAD 0.470 0.586
AQCO 0.555 0.584
AQIM 0.400 0.463
Small AQ scores 0.558 0.725
AQSS 0.705 0.762
AQDP 0.494 0.581
AQCM 0.537 0.508
s-IAT 0.889 0.832
s-IAT LoC/TM 0.828 0.781
s-lAT C/SP 0.800 0.771

Abbreviations: AQ, the Adult Autism Spectrum Quotient; SS, social skills;
AS, attention switching; AD, attention to details; CO, communication; IM,
imagination; DP, details/pattern; CM, communication/mindreading; s-1AT,
the short Internet Addiction Test; LoC/TM, loss of control/time manage-
ment; C/SP, craving/social problems.

precise: we report data for the total AQ scores (stemming from the 50
item version: “AQ scores”) and the shortened version. This means “small
AQ scores” in the present study.

The s-IAT consists of 12 items to assess the level of problematic
internet use based on a 5-point Likert scale (from “1 = rarely” to
“5 = very often”) and has two subscales loss of control/time management
and craving/social problems representing key elements of IUD. Total
scores of the s-1AT can range from 12 to 60 and higher scores indicate
more severe problems due to one’s own internet use. The s-IAT shows
good psychometric properties (see Table 1). The s-IAT used in Germany
was the version from the internet addiction test with 20 items (Young,
1998) and was cut to 12 items. This is not a problem though, because
the content of the items is comparable with the s-IAT (Stodt et al.,
2018), but they differ slightly in each item response (from “1 = rarely”

to “5 = always”).

2.3 | DNA extraction and genotyping analyses

DNA was automatically extracted from buccal cells by means
of a MagNA Pure 96 robot system with a commercial extrac-
tion kit from Roche (Mannheim, Germany). Genotyping of
5-HTTLPR/rs25531 was conducted via polymerase chain reac-
tion (PCR) with subsequent digestion and gel electrophoresis. The
following primers (TIB MOLBOL, Berlin, Germany) for PCR were
used (Wendland et al., 2006): the forward primer (5-HTT-MSP_F):
5’-TCCTCCGCTTTGGCGCCTCTTCC—3’ and the reverse primer
(5-HTT-MSP_R): 5'-TGGGGGTTGCAGGGGAGATCCTG-3'. The fol-
lowing PCR program was used: 30s at 95°C, 30s at 64,9°C, 60s at 72°C
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for 35 cycles with an initial denaturation step of 5 min at 95°C and a
final elongation step of 5min at 72°C. To identify the A/G SNP rs25531
regarding the L allele, the PCR-product was digested with the restric-
tion endonuclease Mspl (restriction enzyme, New England Biolabs)
and incubated at 37°C for 1.5 h. Thereafter, samples were loaded onto
a 1.8% agarose gel in a TBE solution, running for 2 h at 175 V. After
completion of the gel electrophoresis, results were documented by the
means of a gel documentation system with UV light. At the end of the
process, samples were visualized and classified by two independent
raters. Due to the low frequency of the 5-HTTLPR/rs25531 extra-long
(XL) allele (18 repeats) as well as extra-extra-long (XXL) allele (XXL, 20
repeats) (Lesch et al., 1997) in both samples (XL: China n = 19; XXL:
Chinan =4 vs. Germany n = 1), these were treated as L, alleles in the

subsequent analyses.

2.4 | Statistical analyses

Statistical analyses were performed with the SPSS 26.0 software (IBM
Corp, Armonk, NY, USA). Before carrying out the main statistical analy-
ses, the distributions of all variables under investigation were tested
for normality separately in the Chinese and German samples (see
Supplementary Table 1). As AQ scores were normally distributed in
both samples, whereas s-IAT scores were not in the German sample,
parametric tests were used for AQ scores and nonparametric tests
were used for s-IAT scores in both samples to make the analyses
comparable between the Chinese and German samples (but findings
from both parametric and non-parametric tests for s-IAT scores are
presented).

Allele and genotype frequencies of 5-HTTLPR/rs25531 were cal-
culated, and genotypic distributions were tested for Hardy-Weinberg
equilibrium separately in the Chinese and German samples. In order
to check if in the main analyses age was needed to be controlled for,
the following analyses were performed: Pearson correlations between
age and AQ scores as well as its subscales were calculated. Addition-
ally, Spearman correlations were used to examine age effects on s-1AT
scores as well as its subscales, respectively in the Chinese and German
samples.

With respect to the genetic data analyses, subjects were classi-
fied regarding the 5-HTTLPR/rs25531 genetic information depending
on the transcriptional activities of 5-HTTLPR/rs25531 as described in
Zalsman et al. (2006): both the S and Lg alleles were grouped/named as
the S’ allele. Therefore, groups of S'S’ (low expressing allele homozygos-
ity), S'L’ (intermediate expressing allele heterozygosity), and L'L’ (high
expressing allele homozygosity) were formed. Despite a small number
of L'L’ carriers in the Chinese sample, we implemented the same group-
ing (S'S’ vs. S’'L’ vs. L'L’) in the two samples in order to facilitate direct
comparisons between the Chinese and German samples.

To revisit the findings from Zhang et al. (2021) in our present
dataset, relationships between AQ scores and s-IAT scores were calcu-
lated using partial correlations, controlling for age and sex separately in
the Chinese and German samples. Fisher’s Z tests were used to assess
correlation differences between the Chinese and German samples.

Furthermore, correlations between AQ scores and s-IAT scores were

also investigated in different 5-HTTLPR/rs25531 genotype groups,
again separately in the Chinese and German samples, which then could
be contrasted.

To test whether potential associations between autistic traits/IlUD
tendencies might be modulated by 5-HTTLPR/rs25531 and sex,
ANCOVAs with genotypes [S'S’ vs. S’L’ vs. L'L’] and sex (male vs. female)
as fixed factors (independent variables) and age as covariate were
conducted with mean-scores of AQ and s-IAT (after the square root-
transformation, we performed this step for the s-IAT to improve the
normality of skewed distributions (Tabachnick & Fidell, 1996)) being
the dependent variables in both Chinese and German samples. For
follow-up tests, we used Bonferroni corrected post-hoc tests in SPSS
when relevant (these are presented as ps). With this option, SPSS
returns p-values that are Bonferroni corrected (see IBM support, the
calculation of Bonferroni-adjusted p-values)®. Results were considered

significant at the p/ps < 0.05 level.

3 | RESULTS

3.1 | Demographics of 5-HTTLPR/rs25531 and
questionnaires

As indicated in the previous section, 5-HTTLPR/rs25531 data were
analyzed following the tri-allelic classification (see the work by Zals-
man et al. (2006)). Frequencies of 5-HTTLPR/rs25531 alleles and
genotypes for both Chinese and German samples are presented in
Table 2. In both samples, distributions of 5-HTTLPR/rs25531 geno-
types were in Hardy-Weinberg equilibrium (China:)(2 =0.19,df =1,
p = 0.665; Germany: y2 = 0.01, df = 1, p = 0.907). The demographic
statistics of questionnaires under investigation according to sex and 5-
HTTLPR/rs25531 genotypes are presented in Table 3 for the Chinese
and German cohorts separately.

Age was found to significantly correlate with scores of AQ total and
AQ subscales in the German sample, as well as s-IAT total and s-IAT
subscales in both samples (details are presented in the Supplementary
Material). Hence, age was included as a control variable in subsequent
analyses.

3.2 | Associations between autistic traits and IUD
tendencies in the Chinese and German samples

Firstly, in order to revisit earlier findings (Zhang et al., 2021) in our
present dataset, we used parametric partial correlations, controlling
for sex and age (as the s-IAT was not normally distributed, results
of non-parametric partial correlations are presented in Supplemen-
tary Table 2 and were comparable to the results from parametric
tests). Results are presented in Table 4. The correlation patterns were
rather similar in both samples. More specifically, AQ total scores, small
AQ scores, AQ social skill scores, and AQ communication/mindreading
scores were positively correlated with s-IAT total and subscale scores
in both samples, whereas scores of the AQ details/pattern subscale
were negatively correlated with s-IAT total and subscale scores,

for statistical significance see Table 4. Fisher’ Z-tests indicated that
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TABLE 2 Frequencies of 5-HTTLPR/rs25531 alleles and genotypes in the Chinese and German samples

Chinese sample German sample

(n=540) (n=563)
Genotypes Frequency Percentage (%) Frequency Percentage (%)
S'S’ 357 66.11 118 20.96
S 166 30.74 281 49.91
L 17 3.15 164 29.13
Alleles
S 777 71.94 438 38.90
La 176 16.30 608 54.00
Lg 103 9.54 79 7.01
XL 20 1.85 0 0.00
XXL 4 0.37 1 0.09

S'S’ (low expressing allele homozygosity): S/S, S/Lg Lg/Lg; S'L’ (intermediate expressing allele heterozygosity): La/S, La/Lg XL/S, XL/Lg, XXL/S, XXL/Lg; L'L’

(high expressing allele homozygosity): La/La XL/Lay XL/XL.

correlation strengths differed significantly between the German and
the Chinese sample for correlations of AQ social skills/s-IAT total
(p = 0.031), small AQ/s-IAT craving/social problems (p = 0.030),
AQ social skills/s-IAT craving/social problems (p = 0.006), and AQ
communication/mindreading/s-1AT craving/social problems (p = 0.049)
(lower in the Chinese sample compared to German sample).

3.3 | Associations between autistic traits and IlUD
tendencies according to 5-HTTLPR/rs25531
genotypes in the Chinese and German samples

Further analyses of the (positive) AQ/s-IAT correlations for each geno-
type group showed that in the whole Chinese sample, they were mainly
driven by S’S’and S’L’ carriers, while in the whole German sample by S'L’
carriers, followed by L'L’ carriers (see Table 5). Moreover, Fisher’ Z tests
revealed significant differences between S’S’ carriers of the two sam-
ples regarding correlation strengths of AQ total/s-IAT total (p = 0.041)
and AQ total/s-1AT loss of control/time management (p = 0.021). Sig-
nificantly different correlation strengths between small AQ and s-IAT
total/loss of control/time management scores, between AQ social skills
and s-1AT total/loss of control/time management scores, and between AQ
communication/mindreading and all s-IAT total and subscale scores were
found in S'L’ carriers of the German compared to those of the Chinese
sample (all p <0.043). For L'L’ carriers, correlation strengths between
scores of small AQ and s-1AT craving/social problems and between AQ
social skills and all s-IAT total scores were also significantly different in
the German compared to the Chinese sample (all p < 0.042).

3.4 | Effects of 5-HTTLPR/rs25531 and sex on
autistic traits

A summary of the results is presented in Table 6. In the Chinese sam-
ple, ANCOVAs revealed a significant main effect of 5-HTTLPR/rs25531
on the AQ total scores (p = 0.037), small AQ scores (p < 0.001), and

AQ social skills (p = 0.025). Post-hoc analyses revealed significantly
higher AQ total scores in S’S’ homozygotes compared to S'L’ carriers
(AQtotal,§'S:22.30 + 5.79vs.S’L": 21.36 + 5.63, corrected ps = 0.039,
see Figure 2a), also higher small AQ scores (S'S": 11.95 + 3.55 vs. S'L":
11.00 + 3.66, corrected ps < 0.001, see Figure 2c) and AQ social skills
scores (S'S: 5.15 + 2.77 vs. S'L: 4.62 + 2.90, corrected ps = 0.027).
Please note that the L’L’ group is very small (n = 17) and there-
fore it is hard to investigate this group in the Chinese sample (please
note that descriptively, the L'L’ group in the Chinese sample showed
the lowest AQ scores). The main effect of sex was significant on the
AQ details/pattern subscale (p = 0.044), with males having signifi-
cantly higher scores relative to females (male: 4.67 + 1.83 vs. female:
4.16 + 1.70, corrected ps = 0.044). Importantly, a significant interac-
tion effect between 5-HTTLPR/rs25531 and sex was found on AQ total
scores (p = 0.041) and small AQ scores (p = 0.018). Post-hoc analy-
ses showed significantly higher AQ total scores (S'S": 22.26 + 5.76 vs.
S’L’: 19.39 + 5.33, corrected ps = 0.006, see Figure 3a) and small AQ
scores (S'S": 11.83 + 3.43 vs. S'L": 9.57 + 3.56, corrected ps < 0.001,
see Figure 3c) in females with S'S’ homozygote compared to S’L’ carri-
ers, but no significant difference between males with S’S’ homozygote
and S’L’ carriers (corrected ps > 0.406). In sum, the genetic effect of
5-HTTLPR/rs25531 on the AQ variables was driven by females in the
Chinese sample.

In the German sample, there was a trend toward a significant main
effect of 5-HTTLPR/rs25531 on AQ total scores (p = 0.063) and on
small AQ scores (p = 0.077). Exploratory post-hoc analyses revealed
marginally significantly higher AQ total scores in S’S’ homozygote com-
pared to L'L’ carriers (AQ total, $'S": 17.17 + 6.84 vs. L'L: 15.35 + 5.26,
corrected ps = 0.057, see Figure 2b), and small AQ scores (S'S:
8.82 +4.28 vs. L'L": 7.70 + 3.38, corrected ps = 0.078, see Figure 2d).
Significant main effects of sex were found on AQ scores as well as on
all the subscales (p < 0.001) except the communication/mindreading
subscale (p = 0.083), with significantly higher AQ or AQ subscale
scores in males than females (see Figure 3b,d). However, there
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£ was no significant interaction between 5-HTTLPR/rs25531 and sex
Q
£ (see Table 6).
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T e AR = 3.5 | Effects of 5-HTTLPR/rs25531 and sex on IUD
= .
= tendencies
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5 ° ANCOVAs showed no significant main effect of 5-HTTLPR/rs25531
o 0
r_' N S N 3 o 2 and no significant interaction between 5-HTTLPR/rs25531 and sex on
< O 2 N 9 Qs . . .
- S T T 7 7 & s-IAT scores and on s-1AT subscale scores either in the Chinese or Ger-
o)
! man sample. Several main effects of sex were found in both samples: In
= E the Chinese sample, the main effect of sex on s-1AT craving/social prob-
N =
K § o o~ 5 lems (p = 0.014) was significant. In the German sample, significant main
o n n .2
£ g 23335 g effects of sex on s-IAT total scores as well as both subscales were found
= N ' ' 2 (p <0.039) (see Table 7), with significantly higher s-IAT scores in males
g than females.
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T° a Using the tri-allelic classification when investigating the 5-HT
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% s ;%D TLPR/rs25331 complex, the present study investigated whether autis-
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5 5 S tic traits, IlUD tendencies, and their associations with each other varied
S =
3 é R 2 as a function of 5-HTTLPR/rs25531 in two independent samples
= ™ v < O £
o <—.: g g g Ol § g with a different cultural background (China and Germany). Results
§ g showed that association patterns between autistic traits and IUD
g %_ § tendencies in the three 5-HTTLPR/rs25531 genotype groups differed
g‘ g = g between the Chinese and German samples. Dissociative effects of
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'— * * * *
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E s f’, reported in previous studies (Ho et al., 2016; Zalsman et al., 2006). Fur-
<—.( 5 in_, thermore, in accordance with our hypothesis in the Chinese sample,
c
§ é M O 2 the present study found that carriers of the low expressing S'S’ geno-
% i =
8 ‘_.t S § 3 % D é type had highest levels of autistic traits depending on the scores of
h o o o]
% % small AQ and AQ social skills subscale, followed by carriers of interme-
%’ % g diate expressing S’L’, and then carriers of high expressing L'L’ genotype.
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TABLE 6 Genotypes and sex: Main effects and interactions on AQ scores and its subscale scores in the Chinese and German samples

Chinese sample German sample

(n=540) (n=563)
AQ Scores F p 7? F p 7?
AQ total
5-HTTLPR (S'S’vs.S'L’vs. L'L’) S 0.037 0.012 2.78 0.063 0.010
Sex (Mvs. F) 2.32 0.129 0.004 25.46 <0.001 0.044
5-HTTLPR x Sex 3.22 0.041 0.012 0.74 0.478 0.003
small AQ
5-HTTLPR (S'S’'vs.S'L’ vs. L'L’) 7.61 <0.001 0.028 2.58 0.077 0.009
Sex (M vs. F) 1.76 0.186 0.003 23.99 <0.001 0.041
5-HTTLPR x Sex 4.03 0.018 0.015 0.21 0.814 <0.001
AQSS
5-HTTLPR (S'S'vs.S'L’ vs. L'L) 3.71 0.025 0.014 1.62 0.198 0.006
Sex (M vs. F) 0.05 0.826 <0.001 12.24 <0.001 0.022
5-HTTLPR x Sex 261 0.074 0.010 0.25 0.777 <0.001
AQDP
5-HTTLPR (S'S'vs.S'L’ vs. L'L’) 2.18 0.114 0.008 1.57 0.209 0.006
Sex (M vs. F) 4.07 0.044 0.008 16.67 <0.001 0.029
5-HTTLPR x Sex 1.47 0.230 0.006 0.62 0.539 0.002
AQCM
5-HTTLPR (S'S’vs.S'L’vs. L'L’) 1.35 0.260 0.005 2.49 0.084 0.009
Sex (M vs. F) 0.09 0.760 <0.001 3.01 0.083 0.005
5-HTTLPR x Sex 0.11 0.898 <0.001 1.54 0.215 0.006

Abbreviations: AQ, the Adult Autism Spectrum Quotient; SS, social skills; DP, details/pattern; CM, communication/mindreading. M, male, F, female. S'S’ (low
expressing allele homozygosity): S/S, S/Lg Lg/Lg; S'L’ (intermediate expressing allele heterozygosity): La/S, La/Lg XL/S, XL/Lg, XXL/S, XXL/Lg; L'L’ (high
expressing allele homozygosity): La/La, XL/La, XL/XL.

TABLE 7 Genotypes and sex: Main effects and interactions on s-IAT scores and its subscale scores the Chinese and German samples

Chinese sample German sample

(n=540) (n=563)
s-IAT Scores F p 7? F p n?
s-IAT total
5-HTTLPR (S'S'vs.S'L'vs. L'L) 0.61 0.541 0.002 0.82 0.443 0.003
Sex (M vs. F) 1.60 0.206 0.003 9.38 0.002 0.017
5-HTTLPR x Sex 0.79 0.454 0.003 0.96 0.382 0.003
s-1AT LoC/TM
5-HTTLPR (S'S’vs.S'L'vs. L'L) 0.71 0.493 0.003 1.36 0.258 0.005
Sex (Mvs. F) 0.00 0.984 <0.001 4.30 0.039 0.008
5-HTTLPR x Sex 0.80 0.450 0.003 0.95 0.387 0.003
s-IAT C/SP
5-HTTLPR(S'S’vs.S'L’vs. L'L) 0.46 0.630 0.002 0.09 0.914 <0.001
Sex (Mvs. F) 6.03 0.014 0.011 16.53 <0.001 0.029
5-HTTLPR x Sex 0.77 0.463 0.003 0.53 0.589 0.002

Abbreviations: s-IAT, the short Internet Addiction Test; LoC/TM, loss of control/time management; C/SP, craving/social problems. M, male, F, female. S'S’
(low expressing allele homozygosity): S/S, S/Lg Lg/Lg; S'L’ (intermediate expressing allele heterozygosity): La/S, La/Lg XL/S, XL/Lg, XXL/S, XXL/Lg; L'L’ (high
expressing allele homozygosity): La/La, XL/La, XL/XL.
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our findings are more complex than so far described. Mounting evi-
dence suggests that the serotonergic system is differentially regulated
in male and female individuals, such as different levels of serotonin
metabolism (females > males) (Lu et al., 2016), and rates of serotonin
synthesis (males > females) (Nishizawa et al., 1997; Sakai et al., 2006)
that are largely determined by the function of 5-HTT. A previous review
also suggested that on molecular genetic level, 5-HTTLPR variants
may exert a differential modulation on affective disorders in the sexes
(Gressier et al., 2016). They found the S allele to be associated with
an increased risk of depression and anxiety among females and with
an increased risk of aggressive, behavior conduct disorder, and higher
externalizing behaviors among males. The current study also revealed
a sex-specific effect of 5-HTTLPR/rs25531 on autistic traits in the Chi-
nese sample, indicating that individuals with the low expressing alleles
(S, Lg) showed higher levels of autistic traits, but this effect varied by
sex. More specifically, significantly higher scores of AQ total, small AQ,
and the AQ social skills subscale were found in S'S’ than S’L’ carriers only
in females but not in males. As mentioned in the introduction, the SS
genotype and S allele of the bi-allelic 5-HTTLPR polymorphism have
been put forward as a putative risk factor for autism in some works
(Arieff et al., 2010b; Meguid et al., 2015). However, overall inconsis-
tent results have been reported (Nonweiler et al., 2020; Wang et al.,
2019; Wei et al., 2021). In the present study, using the tri-allelic clas-
sification of 5-HTTLPR/rs25531, we expected that not only the S allele
was more closely linked to negative outcomes/negative emotionality as
reported in some papers (Caspi et al., 2003; Juhasz et al., 2015; Lesch
etal., 1996), but in the present work also that the investigated Lg allele
as part of the S’ group (resembling the serotonin transporter activity
of the S allele) from the tri-allelic analysis would go along with higher
autistic traits (please note that it was not possible to test the Lg allele
effect alone). Taken together, investigating the effect of 5-HTTLPR
considering both the tri-allelic classification and sex differences could
enhance our understanding of the role of 5-HTTLPR in ASD.

At this point, we also want to mention that in the German sample
a clearer sex-effect on autistic traits could be observed than in the
Chinese sample; in particular, in the German sample, males showed
on average significantly higher autistic traits than females. Previous
research indicated that the expression of autistic traits could be influ-
enced by ethnicity and cultural context of investigated individuals
(Elhami Athar et al., 2021; Wakabayashi et al., 2006). To illustrate
this: Freeth, Sheppard et al. (2013) observed that behaviors associ-
ated with autistic traits measured in neurotypical individuals were
significantly higher in Eastern cultures (India and Malaysia) than in a
Western culture (United Kingdom). In this paper, the authors specu-
late that Western societies with more person-centered attributions for
behavior compared to Eastern societies with more situation-centered
attributions probably result in different training of social skills in every-
day life situations (Freeth, Sheppard et al., 2013). But much more
research in this field is needed to find empirical evidence for sound
explanations of this phenomenon. Beyond this, also sex differences
in autistic traits measured by AQ are well described in the literature
(Baron-Cohen et al., 2001; Freeth, Bullock, et al., 2013; Ruzich et al.,
2015; Zhao et al., 2019), indicating that males have higher autistic trait
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levels than females in the general population. A systematic review by
Ruzich et al. (2015) came also to the conclusion that males on average
have higher autistic trait scores than females in nonclinical populations,
but such a difference could not be observed in the diagnosed autistic
population (Ruzich et al.,, 2015). Taken together, both culture and sex
are relevant variables to better understand autistic traits. And again,
the cultural effects need to be more studied to come up with satisfying
explanations.

Coming back to the molecular genetic findings, beyond the genetic
associations with AQ scores, we did not find any significant modu-
latory effect of 5-HTTLPR/rs25531 on IUD tendencies either in the
Chinese or German samples, which was consistent with a recent study
(Cerniglia et al., 2020). However, previous studies have reported that
(male) individuals with the SS genotype showed increased risk to
“Internet addiction” (Lee et al., 2008; Sun et al., 2016). Please note that
we prefer the term IUD in line with recent developments in ICD-11 (see
Montag et al., 2021). Inconsistencies in the observed findings might be
due to different methods of genetic data analyses (not considering the
tri-allelic classification), different questionnaires used, and different
study populations.

For associations between autistic traits and IUD tendencies, the
present study found similar patterns between the two samples that
AQ total scores/small AQ and AQ subscales were positively corre-
lated with s-1AT total and subscale scores with the exception of the AQ
details/pattern subscale, suggesting that individuals with higher autistic
traits show greater tendencies toward developing IUD. This is basi-
cally a replication of what Zhang et al. (2021) observed in their recent
work. Please note that results observed in Zhang et al. (2021) could also
be replicated, when the overlapping participants between this older
and the present study were excluded (see Supplementary Material).
We also mention that statistical analysis taking into account the AQ
facets according to the three subscale structure (Austin, 2005) showed
a similar correlation pattern with the s-IAT as in the original five facet
structure (see Supplementary Table 3).

Summing up, we observed also in the present study that higher
autistic traits go along with higher IUD tendencies, but effect sizes of
the correlations are small (Ellis, 2010). This is in line with observations
from previous studies (Finkenauer et al., 2012; Romano et al., 2014;
Zhang et al., 2021). Importantly, although similar patterns were found
between the complete Chinese and German samples, further analyses
of putative correlation strength differences between the two samples
revealed significantly stronger positive correlations between small AQ,
AQ social skills, AQ communication/mindreading and s-1AT craving/social
problems in the German compared to the Chinese samples.

Besides, a further analysis focusing on the genetic variables (hence
further subgrouping according to 5-HTTLPR/rs25531 genotypes)
revealed for the Chinese sample that the positive association between
s-IAT and AQ was driven by S’S’ and S'L’ carriers and for the German
sample, mainly driven by S’L" and L'L’ carriers. In line with patterns of
correlation strength comparisons in the whole samples, correlations
among S’L’and L'L’ carriers between AQ scores and s-IAT scores tended
to be more positive in the German compared to the Chinese samples,
although the specific significant correlation pairs were different. For
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S'S’ carriers, correlations were in an opposite way (more positive in
the Chinese compared to the German samples). These findings provide
further support for potential cultural differences between China and
Germany regarding the relationship between autistic traits and IUD
tendencies, and extend our previous study (Zhang et al., 2021). Gene-
culture coevolution theory has been proposed as an influential theory
for explaining how behavior is a product of two-complementary and
interacting evolutionary processes by genetic and cultural evolution
(Cavalli-Sforza & Feldman, 1981; Chiao & Blizinsky, 2010; Richerson
et al., 2010). For example, Ishii et al. (2014) observed that Japanese
individuals with SS genotype detected the disappearance of happy
facial expressions with greater perceptual efficiency than those with SL
and LL genotypes, which was not found in Americans (Ishii et al., 2014).
These findings suggest that SS carriers are more sensitive to environ-
mental changes, but only in the presence of environmental changes of
cultural importance.

There are a number of important limitations in the present study in
need to be addressed. First, the present sample investigated autistic
traits in subclinical populations and did not focus on patients with an
autism diagnosis (or IUD). Future studies should also take into account
patient samples, and these should be best also characterized via struc-
tural interviews. Second, it should be recognized that the effect of one
single polymorphism on complex psychological/psychiatric phenotypes
is small and results should not be over-interpreted. In particular, the
5-HTTLPR by adverse environment interactions on depression has
been shown not to be robust (Culverhouse et al., 2018) and we also hint
toward the many problems to be faced at the moment when running
genetic association studies (for details see Montag et al., 2020). Beyond
that criticism, the nature of both autistic and IUD conditions is complex,
and a sole focus on serotonin—such as in the present work—naturally
brings limitations. For instance, several studies investigating molecu-
lar genetics targets related to the dopamine, oxytocin, and cholinergic
systems in the realm of IUD showed potential other candidates of rele-
vance in the molecular study of IUD (Han et al., 2007; Kim et al., 2011;
Montag et al., 2012; Sariyska et al., 2018; Sindermann et al., 2021). The
same is true for the autistic traits where other molecules aside from
serotonin are involved (Liet al., 2012; Ramaswami & Geschwind, 2018).
Finally, we mention that epigenetics could be a logical target for future
study, especially when studying the molecular aspects of human behav-
ior in different cultures (for an exemplary SLC6A4 epigenetics paper
investigating depression in a German sample, see the paper by Sanwald
et al. (2021)). Of note, differences in psychological dimensions such as
power distance or collectivism/individualism might be of further inter-
est when studying the IUD-complex in Germany and China (Montag
etal.,, 2016)—also when being more interested in the molecular aspects

of IUD tendencies.

41 | Implications

As the genetic marker rs25531—modulating the effect of 5-HTTLPR
on the SLC6A4 gene’s mRNA levels—to our knowledge has not been

investigated so far in the 5-HTTLPR-autism research, we examined
the associations between genetic markers (5-HTTLPR/rs25531) and
individual differences in autistic traits in two samples with different
ethnic background stemming from China and Germany. Beyond this,
we also relate 5-HTTLPR/rs25531 genetics not only to autistic traits
in the present work, but also to IUD, as a growing number of studies
have shown overlap between these constructs. Our data suggests that
the low expressing allele S’ (S, Lg) appears to be a putative risk allele
for autistic traits in both Chinese and German samples, in particular in
the homozygous S’S genotype constellation. Furthermore, our analyses
indicate that both 5-HTTLPR/rs25531 and cultural differences might
be of relevance to understand associations between autistic traits and
IUD tendencies, but this needs to be further backed up in future stud-
ies. As one can see, the present study raises a few relevant issues
to be considered in further molecular investigations of ASD research.
Further studies are needed to corroborate the relevance of our

results.
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