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ARTICLE INFO ABSTRACT

Background: The importance of multiple genes-environment interaction (G x E) has been highlighted in studies
on depressive symptoms. 5-HTTLPR and BDNF Val66Met polymorphisms, with functional interconnection, have
been implicated in the pathophysiology of depressive symptoms. However, little is understood about whether
the interaction of 5-HTTLPR, BDNF Val66Met and parenting fits better with the epistatic or cumulative manner.
Methods: 865 adolescents (T1: M g = 12.32, 50.2% girls) were included in a three-year interval longitudinal
design. Standardized questionares about parenting and depressive symptoms were collected. Saliva samples
were collected for genotyping.

Results: Neither the concurrent nor longitudinal interaction of 5-HTTLPR, BDNF Val66Met and parenting
(G x G x E) showed significant effects on depressive symptoms. The interaction between cumulative genotypes
and positive parenting (CG X E) was significant, with the strong differential susceptibility model, for depressive
symptoms concurrently but not longitudinally after statistical correction. Adolescents who carried 3 (i.e. SS and
Val/Met, L allele and Val/Val) and 4 (i.e. SS and Val/Val), not 1 (i.e. L allele and Met/Met) or 2 cumulative
susceptibility alleles (i.e. SS and Met/Met, L allele and Val/Met), reported fewer depressive symptoms if they had
experienced higher levels of positive parenting, and more symptoms under lower levels of positive parenting.
Limitations: This study did not examine the 5-HTTLPR triallelic (rs25531) marker and did not include an external
sample.

Conclusions: The combined effects of 5-HTTLPR and BDNF Val66Met polymorphisms functioned in a manner of
cumulative rather than epistatic in response to positive parenting on early adolescent depressive symptoms.

Keywords:
Depressive symptoms;Parenting;5-
HTTLPR;BDNF Val66Met;G x G X E;CG x E

1. Introduction

Depression, the third leading cause of “years lived with disability”
(YLD) among children and adolescents (Kyu et al., 2016), has con-
sistently been reported to be associated with increased risks for suicide
(Esposito and Clum, 2002). Studies have showed that there are dra-
matically increases both in the lifetime prevalence and levels of de-
pression from early to middle adolescence (Hankin et al., 2015;
Thapar et al., 2012). Clearly, it is important to identify the potential
mechanisms of depressive symptoms during this period.

A fast-growing research has bolstered the importance of gene-en-
vironment interaction (G X E) involved in the etiology of adolescent
depressive symptoms (e.g. Comasco et al., 2015; Stocker et al., 2017). It
would be better to investigate multiple genetic variants in terms of
G X E effects rather than for one single candidate polymorphism
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(Burmeister et al., 2008). However, G X E work has thus far primarily
focused on only one genetic polymorphism because of theoretically
sensible reasons (Caspi and Moffitt, 2006), and the most widely studied
candidate polymorphism for depressive symptoms has been obtained
for the serotonin-transporter-linked polymorphic region (5-HTTLPR)
polymorphism in the promoter of the SLC6A4 gene that encodes 5-HTT
(see Bleys et al., 2018; Harkness et al., 2015). The 5-HTTLPR is a 43-
base pair insertion/deletion polymorphism that creates two allelic
forms, the long (L) allele and the short (S) allele, with the S allele being
associated with decreased 5-HTT expression and serotonine reuptake
(Lesch et al., 1996). Nevertheless, existing G X E results regarding
association between 5-HTTLPR polymorphism and depressive symp-
toms have been inconsistent and difficult to replicate (see
Culverhouse et al., 2018; Wray et al., 2018). A reasonable corollary of
these divergencies is that 5-HTTLPR polymorphism may operate in
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conjunction with other genotypes to make some individuals especially
sensitive (or not) to contextual conditions toward the likelihood of
depressive symptoms (Wegener Sleeswijk et al., 2019). Thus, the ap-
proach of G X E using single candidate genes is giving way to a growing
consensus that depression has a significant polygenic component, in
which genetic influences operate as a function of combined effects of a
number of variants (Stocker et al., 2017).

Indeed, extant research has suggested that the serotonin (5-HT) and
brain-derived neurotrophic factor (BDNF) systems act synergistically on
synaptic plasticity and neurogenesis of a number of brain areas key to
depression (Martinowich and Lu, 2008). The most commonly studied
functional genetic polymorphism associated with BDNF in depression is
Val66Met situating in nucleotide 196, in which there is an amino acid
substitution (valine to methionine) at codon 66 (dbSNP number
rs6265), with Met variant being associated with lower BDNF activity
compared to the Val variation (Egan et al., 2003). Substantial evidence
suggests that both 5-HTTLPR and BDNF Val66Met polymorphisms are
linked to the brain reward system (e.g. amygdala, Loewenstern et al.,
2019) and brain stress system (e.g. hypothalamic-pituitary-adrenal
(HPA) axis, Dougherty et al., 2010), which exert powerful control over
the inability to experience pleasure, i.e. anhedonia and “behavioral
despair”,  respectively—two strong markers of depression
(Martinowich and Lu, 2008). As such, it is theoretically possible that
the joint effects of 5-HTTLPR and BDNF Val66Met polymorphisms may
affect individuals’ sensibility to certain environments toward adoles-
cent depressive symptoms.

Some researchers are beginning to use two analytic approaches so
far for illuminating multiple genetic effects on psychological pheno-
types: epistatic and cumulative methods (Pearson et al, 2016;
Steiger et al., 2016). The former is defined that the effect of one gene
(locus) is dependent on the presence of one or more genes, namely
genes interact with each other (Tyler et al., 2009). As far as we know,
most previous studies on 5-HTTLPR X BDNF Val66Met X environment
(G x G x E) have been cross-sectional. And among those, significant
work has been limited to individuals with a wide range of age (spanning
childhood to adolescence or adolescence to adulthood) or only adults,
and restricted to severe, horrendous contextual stress composed of
physical or emotional abuse (e.g. Gutierrez et al., 2015). Instead, no
significant G X G x E effect has been identified in research with much
narrower and younger samples, and normative variability in adversity
such as stressful life events, risky family environment (e.g.
Aguilera et al., 2009). The other means of explicating the joint effects of
multiple loci is through cumulative method, wherein each genotype
was assigned a point (0, 1 or 2) according to its number of sensibility
alleles and then these values were summed together to generate a cu-
mulative index (Belsky and Beaver, 2011) based on the notion that
individual genes have very small effects (Levinson et al., 2014). To our
knowledge, only one study using longitudinal data has explored the
interaction of cumulative genotypes of 5-HTTLPR and BDNF Val66Met
and environment (CG X E), and found that those who carried more
cumulative alleles were more sensible to family environment quality
exhibiting more or less depressive symptoms at age 15, 20 and 22-25
(Dalton et al., 2014). Although research on the CG X E is sparse, the
result was inclined to be significant in samples of older adolescents and
in the context of less severe experience. Based on the literature re-
viewed above, it is plausible to assume that the way in which multiple
genes contribute to the manifestations of depression is associated to the
developmental stage and the measurement of environments. In con-
junction with this, virtually no research has explored these two ap-
proaches in one inquiry. The present study is uniquely positioned to
extend our knowledge in this area.

We focused on both positive and negative parenting as candidate
environmental markers, due to their central importance in G X E stu-
dies on depressive symptoms (Van Assche et al., 2017). Influential
models hold that parenting quality influences adolescents’ depressive
symptoms, such that hostile and negative parenting contribute
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specifically to the development of depression by undermining self-es-
teem, promoting a sense of helplessness, and prompting development of
negative self-schemas, whereas warm, supportive, and otherwise posi-
tive parenting appear to thwart it (see Downey and Coyne, 1990;
McLeod et al., 2007; Pearson et al., 1994). Importantly, prior research
has pinpointed that individuals who carry a certain polygenic burden of
multiple alleles are more sensitive to parenting, and then experience
depression (Belsky and van [Jzendoorn, 2017), but scant research has
explored how this process unfolds.

In sum, using a three-year interval longitudinal data from a com-
munity sample, the present study seeks to contribute to the emerging
literature by examining the G X G X E and CG X E of 5-HTTLPR, BDNF
Val66Met and parenting in depressive symptoms. In light of the limited
literature, it remains an open question whether the joint effects of these
two polymorphisms may moderate the role of parenting in an epistatic
or cumulative manner.

1. Materials and methods
1.1. Participants

All participants in this study were originally recruited from 13 pri-
mary schools located in Jinan, P. R. China. At baseline (T1, Grade 6), 933
adolescents (M 4 = 12.32 * 0.47 years, 50.2% girls) and their mothers
were enrolled. After three years (T2, Grade 9), 865 participants (M
age = 15.32 + 0.46 years, 51.4% girls) were successfully re-evaluated.
The final sample (N = 865) consisted of 97.0% Chinese Han ethnicity.
No significant differences were found between T1 and T2 in terms of
demographic variables (parental education and work, race and gender
composition), parenting and depressive symptoms. This study was ap-
proved by the local ethics committee. Assent and consent were obtained
from adolescents and their parents prior to this data collection.

1.2. Measures

Parenting was measured by Chinese version of Child Rearing
Practices of Report (CRPR; Block, 1981), which has well-established
psychometric evidence of reliability and validity in Chinese childhood
and adolescence samples (Chen et al., 2005). Ratings for each item
ranged from O (not all at true) to 4 (almost always true). Based on pre-
vious studies (e.g. Zhang et al., 2016b), maternal warmth (4 items) and
induction (4 items) were integrated into positive parenting, and ma-
ternal rejection (4 items) and punishment orientation (6 items) were
combined into negative parenting. Higher scores indicate higher levels
of parenting dimension. Cronbach's a for positive and negative par-
enting were 0.80 and 0.64, respectively.

Adolescent depressive symptoms were evaluated by a 27-item self-
report version of the Children's Depression Inventory (CDI;
Kovacs, 1992) at T1 and T2. The Chinese version of CDI has manifested
good validity and reliability (e.g. Wu et al., 2012). Each of the CDI
items was rated on a 3-point scale from O (occasionally) to 2 (all the
time), reflecting participants’ feelings during the past two weeks. In this
study, Cronbach's a were both 0.88 at T1 and T2.

Information on family socioeconomic status (SES) was indicated by
five items—mothers’ and fathers’ education level and occupational
prestige, as well as monthly household income, which were all reported
by mother at T1. Following previous literature (Akkoyun-Farinez et al.,
2018), the items were recoded, standardized and synthesized by factor
analysis to compute a composite SES score.

1.3. Genotyping

At T2, the 5-HTTLPR and BDNF Val66Met polymorphisms were
genotyped by the analyses of primer extension products generated from
amplified genomic DNA using a Sequenom (San Diego, CA, USA) chip-
based MALDI-TOF mass spectrometry platform. The 5-HTTLPR was
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Table 1
Descriptive statistics and correlations among study variables
Variables 1 2 3 4 5 6 7 8
1. SES —
2. 5-HTTLPR 0.01 —
3. BDNF —0.02 —-0.05 —
4. Cumulative genotypes —0.01 0.51% 0.84++ —
5. Positive parenting (T1) 0.17#= 0.04 0.04 0.05 —
6. Negative parenting (T1) —0.15%* —0.05 —0.04 —0.06 —0.48 —
7. Depressive symptoms (T1) —-0.05 0.05 0.03 0.05 —0.12% 0.14 —
8. Depressive symptoms (T2) —0.04 —0.01 —0.01 —0.01 —0.10** 0.13* 0.45% —
M 0.01 — — — 3.24 0.98 0.18 0.27
SD 1.00 — — — 0.48 0.43 0.21 0.25

Note. ** p < 0.01, ***p < 0.001.

amplified by polymerase chain reaction (PCR) with forward primer (
5’-TCCTCCGCTTTGGCGCCTCTTCC-3") and reverse primer (5-TGGGG
GTTGCAGGGGAGATCCTG-3"). The BDNF Val66Met was amplified by
PCR using the forward primer (5-TCAAGAGGCTTGACATCATTGG-3")
and reverse primer (5-GCCGAACTTTCTGGTCCTCAT-3").

1.4. Statistical analysis

The Hardy-Weinberg equilibrium for genotype distributions of each
SNP was tested using the 2 test for goodness of fit. Bivariate Pearson
correlations were conducted to test the associations between variables
included in this study. To examined the epistatic effects, concurrent and
longitudinal three-way interactions among 5-HTTLPR, BDNF Val66Met
and parenting on depressive symptoms at T1 and T2 (controlling for
depressive symptoms at T1) with SES as a covariate were conducted. To
test the cumulative effects, concurrent and longitudinal two-way in-
teraction between cumulative genotypes of 5-HTTLPR, BDNF Val66Met
and parenting were performed using depressive symptoms at T1 and T2
(controlling for depressive symptoms at T1) as dependent variables
including SES as a covariate. To increase interpretability of the re-
gression estimates and avoid multicollinearity, positive and negative
parenting were standardized and tested in separate models. Simple
slope analysis was performed to examine the pattern of interaction. And
to assess the robustness of results, an internal replication analysis was
conducted by randomly splitting the sample into two subsamples. All
G X G x Eand CG X E effects were assessed using bootstrapping with
1000 sample replicates. Above analyses were conducted in SPSS 25.0.
Then, to further support for the robustness of the results, the
Comprehensive Meta-Analysis program (CMA; Borenstein et al., 2005)
was used to compute the overall effect sizes and p-values of the inter-
action by combining the interactive effects of two randomly split sub-
samples.

Grounded on previous literature, significant CG X E was further
investigated using re-parameterized regression analysis which allows
model fit under strong/week differential-susceptibility and strong/
week diathesis-stress conditions to be statistically contrasted, with the
better fitting model offered as the optimal representation of the data
(Widaman et al., 2012). The form was as follows: Y = (cumulative
vulnerability/susceptibility alleles = 1)(By + B;(X; — C)) + (cumulative
vulnerability/susceptibility alleles = 2)(By + Ba(X; — C)) + (cumulative
vulnerability/susceptibility alleles = 3)(Bp + B3(X; — C)) + (cumulative
vulnerability/susceptibility alleles = 4)(Bp + B4(X; — C)) + BsXo + E Y
is the dependent variable of depressive symptoms, X; is parenting, X, is
SES, C is the crossover point where the slopes for groups of allele cross,
By is the intercept, B;, B,, B3z and B, are the regression weights of
parenting for adolescents with 1, 2, 3 and 4 vulnerable/susceptible
alleles and Bs is the regression weight for SES. The re-parameterized
regression analysis was performed using R statistical analysis package.

To control Type I error, p-values were all adjusted using Benjamini
and Hochberg (B-H) procedure (Benjamini and Hochberg, 1995). Ad-
ditionally, we also performed all analyses when considered gender as an

106

additional controlled variable and obtained virtually identical results.
Thus, gender was not included in the final model for parsimony.

2. Results
2.1. Descriptive statistics

The genotype frequencies of the 5-HTTLPR and BDNF Val66Met
were SS: 71.4%, SL: 27.4%, LL: 1.2% and Val/Val: 27.1%, Val/Met:
49.3%, Met/Met: 23.6%. The allele distributions for both genotypes in
our study are comparable with other studies in Asian sample (He et al.,
2010; He et al., 2018). No deviations from the Hardy—Weinberg equi-
librium were detected for both two genotypes (x> = 5.97,p = 0.05 and
x2 = 0.11, p = 0.94, respectively). Consistent with other research of 5-
HTTLPR (e.g. Belsky et al., 2015) and functional differences across
genotypes (Lesch et al., 1996), the LL and SL genotypes were collapsed
into an L- allele group and coded as 1, SS genotype was coded as 2.
BDNF Val66Met was coded as 0 = Met/Met, 1 = Val/Met, 2 = Val/Val
based on confirmed empirical evidence, especially those drawing from
Chinese sample (e.g. He et al., 2018). Based on previously established
method (e.g. Beaver and Belsky, 2012; Wade et al., 2015), the values for
each of the genetic polymorphism were added to construct an index of
“cumulative alleles”, whereby 1 vulnerable/susceptible allele 50
(5.8%), 2 vulnerable/susceptible alleles = 278 (32.1%), 3 vulnerable/
susceptible alleles 376 (43.5%), 4 vulnerable/susceptible al-
leles = 161 (18.6%), with higher scores reflecting more genetic vul-
nerability or susceptibility for depressive symptoms.

Descriptive statistics and intercorrelations of all study variables are
summarized in Table 1. There were no significant associations between
genetic indexes and parenting, indicating the absence of correlation
between genes and environment. Significant positive associations were
found between depressive symptoms at two time points, which pro-
vided a relative stability of depressive symptoms over time. Ad-
ditionally, depressive symptoms at T1 and T2 showed significant bi-
variate correlations with both positive and negative parenting.

2.2. The three-way interaction effects of 5-HTTLPR, BDNF Val66Met and
parenting on depressive symptoms

As shown in Table 2, positive parenting and negative parenting
negatively and positively predicted depressive symptoms concurrently
but not longitudinally. No main effects of 5-HTTLPR or BDNF Val66Met
polymorphism on depressive symptoms were found. Neither the sig-
nificant effects for G X E nor G X G X E among 5-HTTLPR, BDNF
Val66Met and parenting were found concurrently and longitudinally.

2.3. The two-way interaction effects of cumulative genotypes (5-HTTLPR
and BDNF Val66Met) and parenting on depressive symptoms

As reported in Table 3, no main effect of cumulative genotypes were
observed. Significant CG X E effect regarding positive but not negative
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Table 2
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Three-way interaction among 5-HTTLPR and BDNF polymorphisms and parenting on depressive symptoms

Depressive Symptoms (T1)

Depressive Symptoms (T2)

AR? b SE t P 95% CI* AR? b SE t P 95% CI°
Depressive symptoms (T1) 19.8%*+  0.53 0.04 14.60 0.00 0.42to 0.64
SES 0.3% -0.01 0.01 -1.48 0.14 -0.03to 0.01 0.0% -0.01 0.01 -0.68 050 —0.02to 0.01
Positive parenting (T1) -0.03 0.01 -3.56 0.00 -0.04to —0.01 -0.01 0.01 -1.38 0.17 -0.03to 0.00
5-HTTLPR 0.03 0.02 1.57 0.12 -0.01 to 0.06 -0.01 0.02 -0.84 040 —0.05to0.02
BDNF 1.8%** 0.01 0.01 1.11 0.27 —0.01 to 0.03 0.3% -0.01 0.01 -0.79 043 -0.03to 0.01
5-HTTLPR x positive parenting (T1) —-0.04 0.02 -239 0.02 -0.07to —0.01 0.03 0.02 1.96 0.05 —0.00 to 0.07
BDNF X positive parenting (T1) -0.02 001 -1.61 011 —0.04to0.01 -0.01 001 -0.87 0.38 —0.03t00.01
5-HTTLPR X BDNF 0.9% 0.01 0.02 0.35 0.73  —0.03 to 0.05 0.5% -0.02 0.02 -093 035 —0.07to0.03
5-HTTLPR X BDNF X positive parenting (T1)  0.3% -0.03 0.02 -155 0.12 -0.07to 0.01 0.0% —-0.00 0.02 -0.04 097 -—0.04to 0.04
Depressive symptoms (T1) 19.8%**  0.53 0.04 14.60 0.00 0.42to 0.64
SES 0.3% -0.01 0.01 -1.48 0.14 —0.03to 0.00 0.0% -0.01 0.01 -0.68 0.50 —0.02to0.01
Negative parenting (T1) 0.03 0.01 4.19 0.00 0.02 to 0.05 0.02 0.01  2.02 0.04 0.00 to 0.03
5-HTTLPR 0.03 0.02 1.65 0.10 —0.01 to 0.06 —-0.01 0.02 -0.78 043 —0.05to 0.02
BDNF 2.3%**  0.01 0.01 1.16 0.25 —0.01 to 0.03 0.5% -0.01 0.01 -075 045 —0.03to0.01
5-HTTLPR X negative parenting (T1) 0.02 0.02 0.92 0.36 —0.01 to 0.04 -0.01 0.02 -0.29 0.78 —0.04to 0.03
BDNF X negative parenting (T1) -0.00 0.01 -0.40 0.69 -0.02to 0.01 0.01 0.01 1.12 0.26 —0.01 to 0.03
5-HTTLPR x BDNF 0.1% 0.00 0.02 0.12 0.91 —0.04 to 0.05 0.2% —0.02 0.02 -0.81 042 -0.07to 0.03
5-HTTLPR x BDNF X negative parenting (T1) 0.1% -0.02 0.02 -1.07 0.29 —0.06 to 0.01 0.0% -0.00 0.03 -0.00 0.99 —0.05to 0.05
Note. ** p < 0.01, **p < 0.001.
Significant results after B-H correction are highlighted by bold face.
2 95 % CIs based on bootstrapping.
parenting, on early adolescent depressive symptoms was found even  =====- 1 vulnerable/susceptible allele
after B-H correction. Furthermore, a simple slope analysis was con- 03 ¢ — - — 2 vulnerable/susceptible alleles
ducted to identify the interaction effect. As shown in Fig. 1, positive .
. . . . 0.28 — — 3 vulnerable/susceptible alleles
parenting negatively predicted depressive symptoms only among those -
with 3 (b = -0.03,t = -2.74,p = 0.006, 95% CI = -0.05 to —0.01) and 2 0926 | — 4 vulnerable/susceptible alleles
4 cumulative vulnerability/susceptibility alleles (b = -0.05, t = -3.19, 'z
p = 0.002, 95% CI = -0.09 to —0.01) compared to those with 1 g_ 024
(b = 0.01,t = 0.52, p = 0.61, 95% CI = -0.04 to -0.07) and 2 cu- o 022 |
mulative vulnerability/susceptibility alleles (b = -0.01, t = -0.67, g
p = 0.51, 95% CI = -0.04 to -0.02). However, the CG X E was not % 02 r
significant longitudinally. i
» 0.18 |
2.4. Internal replication and meta-analysis 0.16 r
. - . . . 0.14
To increase precision and also provide evidence of generality and
robustness of the interactional results, an internal replication analysis 0.12 f
was performed. The CG x E effect identified in the total sample was 01

borderline significant in Subsample 1 (b = —0.02,t = -1.76,p = 0.08,
95% CI = -0.05 to -0.01) and Subsample 2 (b = -0.02, t = -1.95,
p = 0.05,95% CI = —0.05 to —0.00). Similar results were also found
in previous published work (Cao et al., 2018).

Moreover, meta-analysis revealed that the combined effect sizes for
the association between positive parenting and depressive symptoms
amounted to r = -0.16 (p = 0.002) and r = -0.30 (p < 0.001) for

Table 3

-1.5 1.5
Positive Parenting

Fig. 1. Interaction between cumulative genotypes and positive parenting in the
prediction of early adolescents’ depressive symptoms.

Two-way interaction between cumulative genotypes and parenting on depressive symptoms

Depressive Symptoms (T1)

Depressive Symptoms (T2)

AR? b SE t P 95% CI* AR? b SE t P 95% CI°

Depressive symptoms (T1) 19.8%** 0.53 0.04 14.60 0.00 0.43to 0.64

SES 0.3% -0.01 0.01 -1.48 0.14 -0.03to0.01 0.0% -0.01 0.01 -0.68 050 —0.02to 0.01
Positive parenting (T1) -0.03 0.01 -3.55 0.00 -0.04to —0.01 -0.01 0.01 -1.39 0.17 -0.03to 0.01
Cumulative genotypes 1.7%*  0.02 0.01 1.72 0.09 —0.00 to 0.03 0.3% -0.01 0.01 -1.08 0.28 —0.03to0.01
Cumulative genotypes X positive parenting (T1)  0.7%* —-0.02 0.01 -2.48 0.01 -0.04to —0.00 0.0% 0.01 0.01 0.14 0.89 —0.02 to 0.02
Depressive symptoms (T1) 19.8%** 0.53 0.04 14.60 0.00 0.42to 0.63

SES 0.3% -0.01 0.01 -1.48 0.14 -0.03to0.01 0.0% -0.01 0.01 -0.68 0.50 —0.02to0.01
Negative parenting (T1) 0.03 0.01 4.18 0.00 0.02 to 0.05 0.02 0.01 2.02 0.04 —0.00 to 0.03
Cumulative genotypes 2.2%**  0.02 0.01 1.80 0.07 —0.00 to 0.03 0.5% -0.01 0.01 -1.02 0.31 -0.03to0.01
Cumulative genotypes X negative parenting (T1) 0.0% 0.00 0.01 0.11 0.91 —0.02 to 0.02 0.1% 0.01 0.01 0.89 0.38 —0.01 to 0.03

Note. * p < 0.05, * p < 0.01, **p < 0.001.
Significant results after B-H correction are highlighted by bold face.
@ 95% ClIs based on bootstrapping.
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adolescents who carried 3 and 4 cumulative vulnerability/susceptibility
alleles, respectively, in a homogeneous set (Q (df = 1) = 0.52,
ps > 0.05, s = 0.0%). The combined effect sizes for individuals who
carried 1 and 2 cumulative vulnerability/susceptibility alleles were
r=0.06 (p = 0.69) and r = -0.05 (p = 0.46) in a homogeneous set (Q
(df = 1) = 3.16, ps > 0.05, Ps < 68.36%). Importantly, the difference
between the more (3 and 4) and fewer (1 and 2) cumulative vulner-
ability/susceptibility allele groups was significant (Qconrast = 8.60,
p = 0.04), supporting that the CG x E with respect to positive par-
enting was significant and adolescents who carried 3 and 4 but not 1 or
2 cumulative vulnerability/susceptibility alleles were sensitive to po-
sitive parenting.

2.5. Reparameterized regression models of cumulative genotypes (5-
HTTLPR and BDNF Val66Met) and parenting on depressive symptoms

Finally, to test the specific pattern of CG X E, we re-parameterized
the regression models adapted from Widaman et al. (2012). Based on
the regression results, we defined adolescents who carried 1 and 2
cumulative alleles as non-vulnerable/susceptible ones, and those who
carried 3 and 4 cumulative alleles as vulnerable/susceptible ones. As
detailed in Table 4, the strong differential susceptibility model, in
which the B; and B, coefficient were fixed at zero, had fairly strong fit
to the data. Specifically, the coefficients for the CG x E were of ap-
preciable significance. The crossover point estimate was approximately
near the mean value of positive parenting, and 95% CI also fell well
within the range of this variable (—3.08 to 1.58). Additionally, model
comparisons showed that the strong differential susceptibility model
was the most optimal representation. Moreover, the AIC and BIC values
of strong differential susceptibility model were relatively smaller than
other three models, thus the best option.

3. Discussion

To advance the understanding of the etiology of adolescent de-
pressive symptoms, the present study investigated the interaction

Table 4
Results for re-parameterized regression model for depressive symptoms

Parameter Differential susceptibility Diathesis-stress
Strong (1s) Week (1w) Strong (2s) Week (2w)
B, 0.00 (—)* 0.01 (0.02) 0.00 (—)* —0.00 (0.02)
B, 0.00 (—)* —0.01 (0.01) 0.00 (—)* —0.02(0.01)
B3 —0.03 —0.03 (0.01) —0.02 (0.01) ** —-0.03
(0.01) ** = (0.01) ***
By —0.05 —0.05 (0.02) —0.03 (0.01) *** —0.04
Bs —0.01 —0.01 (0.01) —0.01 (0.01) —0.01 (0.01)
(0.01)
C 0.51 (0.38) 0.61 (0.49) 1.58 (—)* 1.58 (—)?
95% Clof C  —0.24 to -0.37to1.58 —* —
1.26
R? 2.5% 2.7% 2.1% 2.5%
F(df) 5.62%** 3.89+#* 6.06%" 4.37+=
(4, 860) (6, 858) (3, 861) (5, 859)
Fys.1s(d) — 0.46(2,858) 4.22%(1,860) —
Fvs.1w (df) — — 1.50 (1, 858)
Fvs .2s (df) — 1.82(2, 859)
AIC —235.71 —232.64 —233.48 —233.13
BIC —207.14 —194.53 —209.66 —199.79

Note. *p < 0.05, ** p < 0.01, **p < 0.001.
R?, fit of the model.
F vs, tests of the difference in R? for two models.
Model 1s, strong differential susceptibility model; model 1w, week differential
susceptibility model; model 2s, strong diathesis-stress model; model 2w, week
diathesis-stress model.
Significant results after B-H correction are highlighted by bold face.

@ Parameter fixed at reported value; SE is not applicable, so is listed as —.
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between the combined genotypes (5-HTTLPR and BDNF Val66Met) and
parenting in a longitudinal sample spanning early to middle ado-
lescence—two high-risk phases of this common, debilitating, and po-
tentially lethal disorder. As hypothesized, instead of three-way inter-
action (5-HTTLPR x BDNF Val66Met x parenting, epistatic effect), our
results support a robust evidence for a two-way interaction between
cumulative genotypes and positive parenting (cumulative effect) for
depressive symptoms. And the significant CG X E manifested only
concurrently but not longitudinally.

3.1. The combined effects of 5-HTTLPR, BDNF Val66Met and parenting on
depressive symptoms

In line with prior research and our hypothesis, the current study
implies the possibility that the moderating role of the combined geno-
types of 5-HTTLPR and BDNF Val66Met operate in a manner of cu-
mulative rather than epistatic in the context of positive parenting in
predicting early adolescent depressive symptoms. The present study
also underscores the necessity and desirability of simultaneously con-
sidering different forms of multiple genetic variants (cumulative vs.
epistatic) that work in the etiology of depressive symptoms. Consistent
with the strong differential-susceptibility model, early adolescents with
more cumulative susceptibility alleles not only exhibited more depres-
sive symptoms when exposed to lower levels of positive parenting but
also fewer symptoms when experienced higher levels of positive par-
enting; whereas for adolescents with non-cumulative susceptibility al-
leles, their depressive symptoms did not vary as a function of positive
parenting.

The underlying mechanisms by which adolescents’ cumulative ge-
netic sensitivity moderates the association between positive parenting
and adolescents’ depressive symptoms have not been explicitly and
definitively identified in the existing literature. However, by examining
the neuropsychological functioning of the 5-HTTLPR and BDNF
Val66Met polymorphisms, we can propose some plausible hypotheses.
5-HTTLPR S (Dannlowski et al., 2010; Battaglia et al., 2012) and BDNF
Val/Val carriers (Hajcak et al., 2009) exhibited hyper-amygdala acti-
vation to emotional stimuli, which has been demonstrated to increase
the risk for depression (Gaffrey et al., 2018). Evidence also indicated
that both 5-HTTLPR SS (Ancelin et al., 2017; Miller et al., 2013) and
BDNF Val/Val carriers (Alexander et al., 2010; Shalev et al., 2009)
showed hyperreactivity of HPA axis in response to stress, which par-
allels findings in depressed individuals (Keller et al., 2017). These
evidences collectively provide the underpinnings of the cumulative role
of 5-HTTLPR and BDNF Val66Met polymorphisms in the explanation of
the biological mechanisms of depressive symptoms. Here, we argue in
favor of the more biologically plausible perspective—additive effect, on
the combination of 5-HTTLPR and BDNF Val66Met in terms of sensi-
tivity to positive parenting, but note that it is important to undertake
different methods with greater transparency of researchers in reporting
their findings (Cohen-Woods and Harkess, 2016).

From another perspective, these results suggest that the prior mixed
findings observed in research testing G X E models of 5-HTTLPR or
BDNF Val66Met polymorphism for depression may be partially attri-
butable to unknown and unmeasured genetic or non-genetic variation.
Our findings also underscore the need for work on polygenic process to
explain how genetic influences in question function to apparently make
some adolescents more susceptible to parenting than others.
Nonetheless, examining genetic effects with multiple genes is not meant
to entirely replace the more conventional means of investigating ge-
netic moderation of a single candidate polymorphism, basically because
of its specific role in the identification of genetic risk.

Results of the present study suggest that the cumulative genotypes
confer increased susceptibility to positive but not negative parenting.
Although some literature showed that the genetic ancestry and dele-
terious environment interacted with each other to influence depressive
symptoms (e.g. Van Assche et al., 2016), two studies with community
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samples revealed that the BDNF Val66Met polymorphism (Zhang et al.,
2016a) and GABAergic genes (GABRR1and GABRR2 polymorphisms)
(Van Assche et al., 2017) significantly moderated the influence of po-
sitive but not negative parenting on depressive symptoms during ado-
lescence. A floor effect may account for our results, that is, the re-
stricted variability of negative parenting at the low end of the scale (see
Table 1) may fail to determine whether the cumulative genotypes
would moderate it. Extreme levels of negative parenting might in turn
be linked with cognitive vulnerability and risk for depression
(Oppenheimer et al., 2018) and the strongest interactive effects are
expected in more severe environmental hazards (Aguilera et al., 2009;
Zhang et al., 2016a). To confirm this hypothesis, we investigated the
CG x E interaction among adolescents whose negative parenting score
were at 1 SD above the mean as Aguilera et al. (2009) did and found
significant results (Supplementary would be provided on question if
necessary.). The present findings suggest that the detection of G X E
relies highly on the quality and distribution of environmental exposure.
And future G X E work should indisputably focus on a broader spec-
trum of environments, thereby enabling a comparative evaluation of
the interaction.

Our results also revealed that the interaction between cumulative
genotypes and positive parenting could predict depressive symptoms
concurrently (during the time of early adolescence), but the cumulative
genetic susceptibility did not tend to amplify or attenuate the predictive
significance of positive or negative parenting longitudinally (during
middle adolescence). There are several plausible explanations re-
garding the longitudinal non-significance of the interaction between
cumulative genetic susceptibility and parenting during the time of
middle adolescence. Recent evidence demonstrated that specific genetic
markers, such as 5-HTTLPR (Hankin et al., 2011) and BDNF Val66Met
(Hosang et al., 2014; Lehto et al., 2016) interacted with recent ex-
periences, but not prior life events, to impact depression-related out-
comes. Therefore, it is possible that proximal rather than distal par-
enting would make it easier to detect gene-environment interaction for
depressive symptoms. Still, academic achievement—a key develop-
mental task with which almost all adolescents struggle
(Steinberg, 2014), particularly for middle adolescents who face tough
challenges of the transitional examination to enter senior school (called
“Zhongkao” in China), is significantly associated with depression
(Jayanthi et al., 2015). Thus, the G X E involving academic factors may
make a substantial contribution to the development of depressive
symptoms during middle adolescence. Furthermore, there is evidence
that DNA methylation, typically acting to repress gene transcription,
increases rapidly throughout childhood and adolescence (Lister et al.,
2013) and modulates the correlation between parenting and psycho-
social and behavioral adaptation (Naumova et al., 2016). It is justified
to speculate that DNA methylation within 5-HTTLPR and BDNF
Val66Met polymorphisms (e.g. carriers of the SS genotype and Val al-
lele) may contribute to some sort of susceptibility during middle ado-
lescence. In sum, the factors that are responsible for depressive symp-
toms from early to middle adolescence may largely be dynamic and
time-specific.

3.2. Limitations

Despite of several strengths including longitudinal design, multiple
genes, internal replication and meta-analysis, it is important to consider
the limitations of this study. First, the 5-HTTLPR triallelic (rs25531)
marker, a single nucleotide polymorphism that modifies a subset of L
allele, such that Lg, but not L, allele function similarly to S allele
(Hu et al., 2005), is supposed to improve the functional variants at the
serotonin transporter promoter region was not tested here. Never-
theless, several studies have demonstrated that the 5-HTTLPR biallelic
polymorphism might be good enough to capture the main functional
properties associated with each 5-HTTLPR genotypic combination
(Gutierrez et al., 2015). Second, this paper did not include an external
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sample to further obtain conclusive results. There has been growing
skepticism about the replicability of many of the G X E results
(Assary et al., 2018; Dick et al., 2015) and direct independent re-
plication prior to publication is of particular importance (Dick et al.,
2015). Although the internal replication and meta-analysis were con-
ducted and succeed in a large part, future studies should include a re-
plication sample to provide sufficient statistical power.

4. Conclusion

In summary, framed in terms of interactions among parenting and
biologically plausible genetic factors, the study sheds light on a cu-
mulative rather than epistatic manner of the combined effects of 5-
HTTLPR and BDNF Val66Met polymorphisms in response to parenting
and supports the hypothesis of differential-susceptibility model, in
which adolescents with more cumulative susceptibility alleles were
more susceptible to positive parenting than their counterparts. This
study highlights the importance of examining the joint effects of mul-
tiple genes that have consistently been functionally linked to each other
and the use of longitudinal design to illuminate the underlying me-
chanism of adolescent depressive symptoms.
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