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CHAPTER  5 

A GENETIC LIABILITY TO HIGHER SUBJECTIVE WELL-BEING IS 
MORE INDICATIVE OF LOWER LEVELS OF NEUROTICISM THAN 

HIGHER LEVELS OF EXTRAVERSION

This chapter is based on: 
Iryna O. Fedko, Jouke-Jan Hottenga, Erik A. Ehli, Gareth E. Davies, Dorret I. Boomsma, 
and Meike Bartels. A genetic liability to higher Subjective Well-being is more indicative 
of lower levels of Neuroticism than higher levels of Extraversion (as to be submitted).
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Abstract
There is ample evidence regarding the significant role of genes in explaining individual 
differences in Subjective Well-being (SWB), Neuroticism (NEU) and Extraversion (EXT). 
Twin data suggests that genetic influences on personality traits and SWB are correlated. 
The genetic correlation for SWB and NEU based on Single Nucleotide Polymorphisms 
(SNPs) has been found to be high, but has not been studied for SWB and EXT. In the 
current study, we applied a bivariate genetic model to estimate the SNP-heritability for 
the SWB and personality traits, and compared the genetic correlations between them. 
We used both the information from distantly and closely related individuals, thereby 
estimating total trait heritability, heritability explained by SNPs, the total genetic 
correlation and the part of the genetic correlation that can be attributed to SNPs. We 
found that 7%, 10% and 16% of the variance in SWB, NEU and EXT is accounted for by 
SNPs present on current genotyping platforms. The magnitude of the SNP-based genetic 
correlation between SWB and NEU was in line with previous work (rg = -.80, SE = .25), but 
higher than the SNP-based genetic correlation between SWB and EXT (rg = .18, SE = .26), 
while the phenotypic correlations are largely comparable. This indicates that a higher 
genetic liability to SWB is related to a lower NEU levels and not to higher EXT levels. Also, 
environmental influences explain a larger part of the phenotypic correlation between 
SWB and EXT than between SWB and NEU.
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Introduction
There has been a great deal of evidence that shows the significant role of genes 
explaining individual differences in Subjective Well-being (SWB), Neuroticism (NEU) and 
Extraversion (EXT). Earlier studies reported personality being the important predictor of 
the SWB [32, 33]. Twin-family studies revealed that approximately 32% [166], 27%, and 
24% [167] of the variances in SWB, NEU and EXT are accounted for by additive genetic 
variance, respectively. The recently reported SNP-based heritability, that is the variance 
in the phenotype accounted for by Single Nucleotide Polymorphisms (SNPs), was 4-10% 
for SWB [168, 169], 6-15% for NEU [168, 170-173] and 0-12% for EXT [170, 173, 174].
 Personality traits, such as Extraversion and Neuroticism, were found to be 
related to SWB. Observed correlations were estimated to be in a range from    -.14 to 
-.25 between SWB and NEU and from .17 to .27 between SWB and EXT [32]. Twin data 
suggested the genetic correlation as .58 between SWB and NEU and .66 between SWB 
and EXT [33]. A study in a German twin and non-twin sample [175] detected larger 
association between SWB and NEU than SWB and EXT. A recent large-scale collaborative 
effort reported SNP-based genetic correlation between SWB and NEU to be -.75 (SE 
= 0.034) [168]. SNP-based genetic correlation between SWB and EXT has not been 
explored yet. 
 Here we applied a powerfull bivariate model, in which the variance of two 
traits and the covariance between them is modeled using bivariate restricted maximum 
likelihood (REML) method of Genome-wide Complex Trait Analysis (GCTA) tool [20]. 
Besides estimates of SNP heritability of the two traits (e.g. SWB and EXT) this bivariate 
model also provides the genetic correlation, which is an estimate of the additive genetic 
component that is common to both traits. We applied this method to SWB, NEU, and 
EXT within the Netherlands Twin Register, a general Dutch population based sample, to 
investigate the shared genetic aetiology.
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Methods
Participants
For this study we selected ≈ 9,000 participants, which were registered at the Netherlands 
Twin Register (NTR), established by the Department of Biological Psychology at the VU 
University in Amsterdam. Around 60% of the sample was female and the average age 
was 38 years (SD = 16). Seventy five percent of the sample regularly participated in the 
Adult Netherlands Twin Register survey studies (ANTR) [176], while 25% were derived 
from the Young Netherlands Twin Register (YNTR) [177]. 

Measurements
SWB was assessed with the Satisfaction with Life Scale [178]. The scale consists of 5 
items which had to be answered on a 7-point scale ranging from 1 = ‘strongly disagree’ 
to 7 = ‘strongly agree’. An example item is “My life is going more or less as I wished”. 
Internal consistency of the scale was good with a Chronbach’s Alpha of .86. SWB have 
been assessed longitudinally. To maximize the sample size for the current analyses, we 
took the last valid assessment and replaced missing values with assessment scores from 
earlier time points.
 NEU and EXT were based on the Item response scores from the Genetics of 
Personality Consortium meta-analysis [167]. 

DNA collection, Genotyping and Imputation
Genotyping was done on several genotyping platforms; including the Perlegen-
Affymetrix platform, the Affymetrix 6.0 platform, the Illumina Human Quad-Beadchip 
660K, and the Illumina Omni 1M. Genotyped data were cross-platform imputed against 
GONL reference set to infer the SNPs missing per platform in the combined data [102]. 
Pre-imputation Quality Control (QC) included aligning the alleles to the plus strand, 
excluding alleles with frequencies differences more than 10%, SNPs with MAF < 0.005, 
significant deviation from Hardy-Weinberg Equilibrium (HWE) p < 10⁻¹² and call rate < 0.95. 
Samples with genotype call rate < 0.90, heterozygosity falling outside of the interval 
(F < -0.075; F > 0.075), Affymetrix CQC < 0.40 if applicable, Mendelian error rate > 5 
standard deviations (SDs) from the mean, gender and Identity-by-State (IBS) status 
mismatch between known status and genotypic assessment were excluded. Phasing and 
imputation was performed with MaCH-Admix [47] software and probabilities of inferred 
genotypes were converted to best guess format using Plink 1.90 [179]. After imputation, 
SNPs that were significantly associated with genotyping platform (p < 10⁻⁵) and had allele 
frequencies difference > 10% with GoNL reference set, HWE p < 10⁻⁵, Mendelian error 
rate > 5sd of mean over all markers and imputation quality R² < 0.90, were excluded. Part 
of the NTR sample was sequenced using the GONLseq platform and these persons were 
added to the dataset after imputation. We then performed a Principal Components 
Analysis (PCA) to check for possible ethnic and platform stratification. 
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Statistical analysis
Phenotypes were corrected for sex, age z-score, age z-score squared (for SWB), Dutch 
population structure based on the Principal Components Analysis (PCA) and chip effects using 
linear regression in SPSS v.21. The standardized residuals were analyzed. The variance in each 
trait explained by common SNPs and the genetic correlation between traits were estimated 
using the bivariate restricted maximum likelihood (REML) method of Genome-wide Complex 
Trait Analysis (GCTA) tool [20], by specifying a genetic relationship matrix (GRM) among all 
unrelated individuals in the study and a second matrix among relatives [37]. The advantage 
of using GCTA is that it overcomes the obstacle that SNPs might have too little effect to detect 
them in conventional GWAS analysis on one dataset. Genetic Relationship Matrix (GRM) was 
calculated based on best guess imputed genotypes. Ethnic outliers (n = 710) were excluded. 
SNPs with MAF < 0.01 were excluded as well to calculate the GCTA matrix. Total N of SNPs 
that passed the QC was 1,228,124. 
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Results
Bivariate pedigree-based analysis yielded estimates of total heritability of 32% for SWB, 
37% for NEU and 42% for EXT (Table 1) with 7%, 10% and 16% of the variance in SWB, 
NEU and EXT, respectively, accounted for by SNPs 
 The phenotypic correlations (Table 2) between SWB and NEU (r = -.46) and 
between NEU and EXT (r = -.44) were negative, whereas a positive correlation was 
observed between SWB and EXT (r = .32). The directions of genetic correlations mirrored 
the observed ones, detecting negative pedigree-based (rg = -.70 and rg = -.53) and SNP-
based (rg = -.80 and rg = -.34) correlations between SWB and NEU and between NEU and 
EXT, respectively, and positive genetic correlation between SWB and EXT in pedigree-
based (rg = .48) and SNP-based analysis (rg = .18).

Table 1
Bivariate pedigree (total h²) and SNP-heritability (SNP h²) estimates and genetic 
correlations (rG); N represents the sample size for each phenotype; N1 + N2 represents 
the number of data points in bivariate analysis (sum of sample sizes for both phenotypes).
Pedigree-based heritability and genetic correlation

N total h2 SE

SWB 9,141 .32 .02
NEU 9,020 .37 .02
EXT 9,018 .42 .02

N₁ + N₂ rG SE (p-value*)
SWB-NEU 18,161 -.70 .03 (< .001)
SWB-EXT 18,159 .48 .03 (< .001)
NEU-EXT 18,038 -.53 .03 (< .001)
Heritability and genetic correlation that can be attributed to SNPs

N SNP h² SE

SWB 9,141 .07 .04
NEU 9,020 .10 .04
EXT 9,018 .16 .04

N₁ + N₂ rG SE (p-value*)
SWB-NEU 18,161 -.80 .25 (.01)
SWB-EXT 18,159 .18 .26 (.26)
NEU-EXT 18,038 -.34 .20 (.09)

*One-tailed test, when rG fixed at 0.000
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Table 2
Phenotypic correlations (r) between SWB, NEU and EXT. N represents the sample size 
for each phenotype, complete pairs of observations were used to compute correlations.
Phenotypic correlation

N r p-value
SWB-NEU 7,935 -.46 < .001
SWB-EXT 7,934 .32 < .001
NEU-EXT 9,018 -.44 < .001

Discussion
Bivariate GCTA analyses revealed that a significant part of the variance in SWB, NEU and 
EXT was accounted for by the additive effect of SNPs. The SNP-based heritability for SWB 
was estimated to be 7%, which is similar to that previously reported [169]. The SNP-based 
heritability for NEU and EXT was estimated at 10% and 16%, respectively. The overlap in 
genetic influences between SWB and NEU was substantial (rg = -.80, SE = .25), while the 
genetic overlap between SWB and EXT was only moderate (rg = .18, SE = .26), which is in 
sharp contrast to the phenotypic correlation (r = -.46 for SWB-NEU and r = .32 for SWB-EXT). 
Thus, the SNPs that influence SWB and NEU overlap substantially, with opposing effects, 
while much less genetic overlap is observed for SWB and EXT, while their phenotypic 
correlation is similar to that of SWB and NEU. This finding is in contrast to previous results, 
in which a larger common genetic variance between SWB and NEU, than between SWB 
and EXT, was found [175], but similar genetic correlations between SWB and NEU/EXT 
were reported [33]. 
 The results of our powerful bivariate SNP-based design indicate that the similar 
overlap between SWB and NEU and between SWB and EXT has different underlying 
sources. The main source of overlap between SWB and NEU has repeatedly been found 
to be genetic, while our novel results indicate that genetic influences are much less 
important in explaining the observed association between SWB and EXT. This implies 
that EXT would not pass the test of being an informative proxy phenotype for SWB, 
but could be an attractive target for environmental based prevention or intervention 
stratiegies. Our results need to be interpreted in light of the following limitations. 
 First, the study of Hanh et al (2013) [175] showed that the SWB and NEU/
EXT shared both additive and non-additive genetic factors, which cannot be detected 
using GREML, as it assumes the additive genetic model. Moreover, they share common 
environmental factors. High and significant pedigree-based genetic correlation between 
SWB and NEU (rg = -.70, SE = .03) and SWB and EXT (rg = .48, SE = .03) support this 
hypothesis. Regardless of the magnitudes of shared additive, non-additive genetic and 
common environmental influences, they should be taken into account, while interpreting 
the results of genetic studies of SWB [169]. 
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Second, although we applied a bivariate model in a relative large sample, our sample 
size is still small for restricted maximum likelihood (REML) methods. In current study, we 
detected significant SNP-heritability, by employing a new method that includes family 
members, to increase power. However, it is possible, that a larger sample size is required 
for more reliable estimates of genetic correlations. 
 To conclude, in this study we showed that genetic overlap between SWB and 
NEU is larger than between SWB and EXT. Based on our results, the detection of loci 
common to both phenotypes is likely between SWB and NEU, rather than SWB and 
EXT. The role of EXT in explaining the inter-individual differences in SWB remains to 
be explored. Genetic association studies of SWB and its relation to other personality 
traits will add important information to reveal new biological pathways, which can then 
serve as a strong foundation for the development of multidisciplinary health, social, and 
economic policies. 


