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Abstract

Intergenerational correlations of time preference are well documented. How-
ever, there is still limited empirical evidence about the role of genetics in this
transmission process. In our paper, we use data on roughly 3,000 twins from the
German TwinLife project to estimate the heritability of time preference. We rely
on an experimentally validated survey measure of temporal discounting, namely,
self-assessed patience. The analysis of monozygotic and dizygotic twins enables us
to apply standard biometric models. We find that genetic differences explain up to
23 percent of individual variation in patience. Whereas the additive genetic effect
and common environmental effects are of minor importance, a major dominant ge-
netic effect is present. These results indicate a notable degree of genetic influence

on economic time preferences.
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1 Introduction

In economics, individual preferences are highly important since they affect people’s
decision-making. Next to the exhaustively studied role of risk preferences, the economic
concept of time preference is particularly relevant. Time preferences are significantly
involved in a person’s intertemporal choices. In general, they influence decisions that in-
clude a trade-off between costs today and (potential) benefits in the future (see Frederick
et al. 2002 for an excellent review of the concept of time discounting). Time preferences
are related to a variety of crucial lifetime outcomes such as educational attainment and
personal income. For instance, Golsteyn et al. (2014) show that patience predicts suc-
cess in school as well as higher earnings in the long run. In addition, present-biased
individuals are less likely to save money for the future. In contrast, they are more likely
to run into debt (Meier and Sprenger 2010). Moreover, a high discount rate (low level
of patience) is associated with a number of adverse health behaviors and outcomes such
as smoking (Kang and Tkeda 2014), frequent alcohol consumption (Rossow 2008) and
obesity (Komlos et al. 2004).t

In recent years, the empirical evidence on the intergenerational transmission of time
preference has increased. For instance, Gauly (2016) finds a positive correlation between
parental and offspring time preference using representative household survey data from
Germany. Other studies show similar results.? Despite all these findings, a fundamen-
tal question remains unanswered. How are time preferences formed? Apparently, time
preferences differ across individuals (e.g., Barsky et al. 1997). But where does this vari-
ation come from? Motivated by psychologists, the nature-nurture debate is concerned
with the decomposition of genetic and environmental influences on human traits or phe-
notypes. “Nature” refers to the relative contribution made by genetic inheritance and
related biological factors. “Nurture” represents the influence that comes from external
sources such as parents’ socialization efforts, imitation/learning or unique experiences.
In fact, previous studies found that both, inherited and acquired characteristics, deter-
mine behavioral traits and/or outcomes (see e.g., Bjorklund et al. 2007).

In this paper, we want to shed light on the fraction of variance in time preference
that is explained by genetics. Relying on twin data from Germany, the comparison of
identical /monozygotic (MZ) and fraternal/dizygotic (DZ) twins enables us to estimate
the proportion of variation in individual time preference that is due to genetic and
environmental factors. Both types of twins are considered to share the same (family)

environment, but fundamental differences in genetic relatedness exist between them.

!Time preference, time discounting, discount rate, patience and future orientation are used as syn-
onyms throughout the paper.

2See, for example, Brown and van der Pol (2015), Arrondel (2013), Kosse and Pfeiffer (2012),
Gouskova et al. (2010), Reynolds et al. (2009), Webley and Nyhus (2006) and Knowles and Postlewaite
(2005).



Thus, any excess similarity of MZ twin pairs compared to DZ twin pairs with respect to
a specific phenotype indicates the presence of genetic effects. Studies simply analyzing
the raw intergenerational correlation of a phenotype are not able to decompose this
variation adequately.

Evidence on the heritability of time preference is scarce. To the best of our knowl-
edge, there have been two studies addressing a similar research question. Anokhin et
al. (2011) analyzed the heritability of delay discounting in a longitudinal twin design.
Using a delay of gratification method, they find that genetic factors contribute 30% and
51% to the variation in delay discounting at ages 12 and 14, respectively. Cronqvist
and Siegel (2015) rely on a set of MZ and DZ twins from the Swedish Twin Registry
(STR). They apply a person’s saving behavior as a proxy for individual time preference.
They show that genetic differences explain roughly one third of the total variation in
savings propensities across individuals. Interestingly, much more evidence exists with
respect to the genetic variation in economic risk preferences. The relative contribution
of genetics to risk attitudes varies considerably across studies. Whereas Cesarini et al.
(2009) show that heritability is around 20%, Zhong et al. (2009) and Zyphur et al.
(2009) find magnitudes of 57% and 63%, respectively.

In line with the previous literature, our paper employs the classic twin methodology.
However, we contribute to the literature in several ways. We are the first to use a novel
twin data set from Germany to estimate the genetic variation in time preference. Cross-
sectional data is available for adolescents and young adults between the ages of 10-25.
In comparison to the vast majority of twin studies, the sample size is large. Our final
sample contains information on roughly 3,000 twins. Moreover, we use a direct survey
measure of time preference. A question on the general patience of an individual acts
as a proxy for time preference. An incentivized experiment showed that self-assessed
patience is a meaningful proxy for time preference as elicited using the typical price list
decision format (Vischer et al. 2013). The general level of patience is likely to evaluate
a person’s time preference more comprehensively than relying on her savings behavior.
The latter represents an outcome of time discounting rather than a direct measurement
of time preference.

Our empirical analysis provides evidence that time preferences are partly heritable.
According to our best-fitting model, we find that differences in genetics explain about
23 percent of the variation in patience across individuals. The estimates of heritability
are primarily driven by a non-additive (dominant) genetic effect. A negligible influence
of the twins’ shared environment is identified. The remainder of the paper is organized
as follows. Section 2 describes the twin data and the measurement of time preference.
Section 3 provides information on the basic twin methodology and the statistical anal-
ysis. Results are presented in Section 4. Finally, Section 5 concludes with a discussion

of the main findings.



2 Data

2.1 Twin data

We use novel twin data from the German TwinLife project. The main purpose of
this twin family study is to improve the understanding of the development of social
inequalities over the life course. Next to its longitudinal design, TwinLife combines a
multi-cohort cross-sequential and an extended twin family design. It observes four birth
cohorts of MZ and DZ twins over a 12-year period. Twins born in the years 1990-1993,
1997/1998, 2003/2004 and 2009/2010 as well as their parents and twins’ siblings (if
available) are included. The project began in 2014 and is supposed to end with the
last survey wave in 2023. Interviews are conducted on a yearly basis. Overall, this twin
survey will provide data of a representative sample of about 4,000 German twin families.
Currently, data on the first household interview for the first partial wave on 2,009 twin
families are available. In order to prevent distortions due to gender differences, only
twin pairs of the same sex are surveyed. Furthermore, only such twins are examined that
have grown up or are still growing up in the same family. More details on the conception
and design of the TwinLife study can be found elsewhere (Hahn et al. 2016).3

For the emprirical analysis, we exclude all twins from the youngest birth cohort.
Twins born in 2009/2010 were about five years old during the first survey wave in 2014
and therefore too young to answer the survey question on time preference. Further
restrictions were necessary, since not all individuals provided information on time pref-
erence. Hence, we exclude all respondents with missing information. The remaining
twins are adolescents and young adults aged 10-25 years. Basically, all three cohorts
comprise a similar number of twins. The first cohort of twins contains 990 twins aged
10-12, the second comprises 1034 twins aged 16-18 and the third includes 932 twins
aged 22-25. It allows us to cover a great age range. This time span is of particular
interest since it clusters decisions on education, employment, health, etc. where time
preferences are always involved. All these decisions made will affect lifetime outcomes
(e.g., income) in the future.

The zygosity of twins was verified with a specific zygosity questionnaire. In addition,
all results obtained from the standard questionnaire items where validated with a saliva
test. This DNA test is a standard procedure to tell if the twins are monozygotic or
dizygotic and is generally considered to be highly reliable. Our final sample contains
information on 703 MZ twin pairs (1406 twins) and 775 DZ twin pairs (1550 twins).
Hence, the total sample size sums up to 2956 individuals. Table 1 shows the number of

twins separated by zygosity and sex. Opposite-sexed dizygotic twins are not surveyed.

3 Additional information is also available online: http://www.twin-1life.de/en.


http://www.twin-life.de/en

[Insert Table 1 about here.]

2.2 Measuring time preference

The twin questionnaire contains a suitable survey question to elicit individual time
discounting. Fach respondent has to rate his or her personal level of patience according
to a 11-point scale. The exact wording of the question is as follows: “How would
you describe yourself: Are you generally an impatient person, or someone who always
shows great patience? Please tick a box on the scale, where the value 0 means: “very
impatient” and the value 10 means: “very patient”. You can use the values in between
to make your estimate.” Hence, self-reported patience is used as a proxy for individual
time preference. In our sample, the average patience level is 5.75.

The behavioral relevance of our time preference measure has been explicitly vali-
dated. This ultra-short survey measure of patience was first introduced in the 2008
questionnaire of the German Socio-Economic Panel (SOEP). The SOEP is an annual
panel survey conducted since 1984. FEach year more than 20,000 individuals (12,000
households) representative of the German population are surveyed (see Wagner et al.
2007). Vischer et al. (2013) conducted an incentivized experiment with 977 participants
forming a representative sub-sample of the adult population to the 2006 wave of the
SOEP. Subjects were asked to indicate their preferences in a choice over a 12-month
time horizon.? The results show that those who rank themselves as ‘more impatient’ in
the survey in 2008 also exhibit a higher degree of impatience in the experiment in 2006.
Hence, this simple and ultra-short survey measure of patience turns out to be a mean-
ingful proxy for time preference. These findings remain robust even after controlling
for impulsivity.® Indeed, this demonstrates that the question on general patience is un-
ambiguous. Thus, a respondent’s misinterpretation of the more future-oriented aspects
underlying the general question about patience can be ruled out. Table 2 reports some
summary statistics of our twin sample. Apparently, Figure 1 indicates that variation in

self-assessed patience is present across individuals.b

4In the experiment, choice tables with the typical price list decision format were used. The par-
ticipants had to declare their preferences by choosing between an immediate (left column) or delayed
payment (right column). The immediate payment was continuously fixed (€200). However, the delayed
payment varied in each of the 20 choice situations and increased by 2.5 percentage points (compounded
semi-annually) from row to row. Switching from left to right (and sticking to the delayed payment in
all subsequent rows) indicates the bounds of the discount rate the respondent claims in order to wait
for pay-out an additional time period of 12 months. Before the start of the experiment, the participants
were informed that one of their choices would be randomly selected for payment. In the second random
step one out of nine participants were actually paid by cheque according to the previous choice.

®In addition to impulsivity, including a control variable for personal risk attitudes does not affect
the results either.

5Throughout the empirical analysis, we use the standardized version of patience.



[Insert Table 2 about here.]

[Insert Figure 1 about here.]

3 Twin methodology

The classic twin design contains information on both, monozygotic (MZ) and dizygotic
(DZ) twins. This enables us to partition the observed variance in a trait (e.g., patience)
into genetic and environmental components. Overall, four latent factors can be taken
into account. According to the polygenic model proposed by Fisher (1918), the genetic
variation in a phenotype can be divided into two components. The additive genetic
effect (A) describes the influence of different alleles which are added up when being
passed from the parents to the offspring. The second genetic component consists of
non-additive/dominant genetic effects (D). These effects are characterized by allelic
interactions within genes. Hence, these genetic influences are transmitted from parents
to their offspring in a dominant/recessive way.

With respect to the environmental components, shared and non-shared environmen-
tal effects can be distinguished. The common environment component (C) captures all
influences shared by the twins reared in the same family. Thus, both twins of a twin pair
are equally affected. This includes the same prenatal environment, home environment
(e.g., parenting style), socioeconomic status of the parents/family, and the like. On the
contrary, the unique environmental effects (E) are not shared by the twins. They are
different across the twins of a twin pair. These individual-specific influences refer to
unique experiences with friends, sexual partners, illness or injury, and the like.

Based on this logic, the standard twin model decomposes the total variance of pa-
tience into A, D, C and E components. The corresponding ADCE model for individual

7 in family 7 can be written as an error components model
Patij = p+ Aij + Dij + Ci + Ejj (1)

where y is the overall mean, A;; ~ N(0,0%) is the additive genetic component, D;; ~
N(0,0%) is the dominant genetic component, C; ~ N(0, 02 is the common environental
component, and E;; ~ N(0, 0%) is the non-shared environmental component.” Thus, the
total variance of patience is represented by the sum of the four mutually independent

variance components

Var(Pat;;) = 04 + 0% + 0& + 05 (2)

"For notational convenience, the random error term ¢;; is replaced by E;; in Equation (1). The error
term is uncorrelated across twins and therefore included in the non-shared environment component.



Genetic theory shows that differences in the genetic relatedness between MZ and
DZ twins exist (see Neale and Maes 2004). MZ twins develop from the splitting of the
same fertilized egg into two, whereas DZ twins develop from two different eggs fertilized
by two different sperm cells. Hence, MZ twins share all their genes. On the contrary,
DZ twins share (on average) only half their genes. Among DZ twins, this results in
a correlation of 0.5 for additive genetic effects and a correlation of 0.25 for dominant
genetic effects. Since the shared environment component is reasonably assumed to be
the same for both members of a twin pair, the correlation is perfect (1.0) across twin
pairs, regardless of zygosity. The non-shared environmental component is unique to
each twin and therefore completely uncorrelated across twins, regardless of zygosity.

Due to these genetic differences, the variance-covariance matrix varies by type of twin
ZMZ B 0124 0124 N 0’% UZD n 0’% 0’% n UQE 0 (3)
Pat o4 0% o2 o2 o2 o 0 o2 ’

ZDZ: ai 0.50'% n or%7 0.250123 n o% o% n 0'125 0 (@)
Pat 0.50124 0124 0.250% ‘72D ot O’% 0 0125

where the variances of the twins are situated in the diagonal and the corresponding

pair

[\

covariance between twin 1 and twin 2 is situated in the off-diagonal of each matrix.®
Differences in the covariances between MZ and DZ twins point towards the importance
of genetics. Similarities in the covariance structure across twin pairs with different
zygosity can be attributed to the shared environmental component.

The estimate of interest is the (broad) heritability coefficient which can be written

as

U%—FO'QD
o4 +0h + 0 + g

Hpa = (5)
It gives the degree to which genetics contribute to the total variation in patience
across individuals.
The polygenic model is estimated under the standard assumptions of biometric mod-
eling. MZ twins are considered to be genetically identical and the equal environment
assumption holds true for MZ and DZ twins. No gene-environment correlations or in-

teractions are present. Another non-technical assumption is the absence of non-random

8Tt is further assumed that the MZ and DZ twin pairs are unrelated. The general notation of a
variance-covariance matrix in the twin context is

Z _ (variance of first twin covariance of twins
~ \ covariance of twins  variance of second twin



pairing of the twins’ parents. The most important technical assumptions are equal
mean and variance of twin 1 and twin 2 and MZ and DZ twins. This is required to
estimate the model since the same path coefficients are applied for both, MZ and DZ
twins. Moreover, the maximum likelihood method is used for estimation and inference.
It assumes bivariate normality of the paired observations.

A disadvantage of this biometric analysis is that it is impossible to estimate all four
components of the ADCE model simultaneously with classic twin data alone. Especially
the components D and C make opposite predictions about the relative difference be-
tween MZ and DZ correlations. Hence, both C and D are confounded in a classic twin
study. Common environmental influences make DZ correlations more similar to MZ cor-
relations. However, the presence of dominant genetic effects makes DZ correlations less
similar to MZ correlations. The primary reason for that is that D correlates perfectly
for MZ twin pairs whereas the correlation is only 0.25 for DZ twin pairs. Therefore,
in practice, ACE or ADE models and their respective submodels (e.g., AE, DE or CE
models) are estimated. Which model to use highly depends on the information retrieved
from the twin data. Genetic heuristics predict the existence of genetic effects when the
trait correlation among MZ twin pairs is higher than the correlation among DZ twin
pairs. For instance, a correlation among MZ twin pairs that is more than two times
larger than the corresponding correlation among DZ twin pairs is a strong indicator
for a prominent genetic dominance effect (D). In this case, the influence of the shared
environment component (C) is likely to be negligible and the estimation of an ADE
model would be recommended (Neale and Maes 2004).

To provide evidence on the heritability of time preference/patience, we follow three
basic steps. First, we start with a mean comparison across MZ and DZ twin pairs.
Second, we compare the intraclass correlation coefficients across both twin types. This
should provide us a guideline for the biometric analysis. Finally, we apply maximum-
likelihood based structural equation modeling to elicit the best-fitting polygenic model
and report the relative contributions of the respective variance components. The sta-
tistical tool (twinlm) in the Analysis of Multivariate Events mets-package in R is used

to conduct the structural equation analysis (Holst and Scheike 2017).7

9As a robustness check, we re-run the biometrical analysis in Stata (version 12.1) according to the
twin model parameterization proposed by Rabe-Hesketh et al. (2008). We obtain qualitatively similar
results to those presented in the upcoming Section 4.



4 Results

We start with reporting basic statistics on patience for MZ and DZ twins. In Figure 2,
we plot a histogram of the distribution for patience, separately, for MZ and DZ twins.
In general, identical twins seem to be more patient than fraternal twins. This initial
finding is supported by the comparison of the average level of patience between both

twin types. The mean levels of patience are reported in Table 3.

[Insert Figure 2 about here.]

[Insert Table 3 about here.]

On average, MZ twins report a general level of patience of about 5.9. DZ twins are
slightly more impatient. The corresponding level of patience is roughly 5.6. However,
the difference between means is highly significant. Testing the equality of means rejects
the null hypothesis of equal means at the 1% level. In Table 4, we report the MZ and DZ
twin pair correlations of patience. Spearman’s correlation coefficient for MZ twin pairs
is 0.241 and highly significant. The respective correlation for DZ twin pairs is basically
zero.'0 These findings provide first evidence that genetics seem to play a role in the
variance of individual patience. The substantial difference in MZ and DZ correlations
can also be considered graphically. In Figure 3, we plot twin’s patience against co-twin’s

patience. It supports the calculated correlations from above.

[Insert Table 4 about here.]

[Insert Figure 3 about here.]

In the following, we present our findings from the biometric analyses. The results
from the model selection process and from the variance component analysis are shown in
Table 5.1 All models include control variables for age and sex. In order to appropriately
test the overall fit of each polygenic model, we use the saturated model as a benchmark.
The saturated model provides the means, variances and covariances without imposing
restrictions. Hence, it is the least restrictive model since no constraints/technical as-

sumptions are made. Comparing the genetic twin models (e.g., the ADE model) to the

10The Spearman correlations are very similar to the Pearson correlations. Pearson’s correlation for
MZ twin pairs is 0.233 (p < .01). Pearson’s correlation for DZ twin pairs is 0.021 and not statistically
significant.

11 Although we fully recognize the ordinal measurement of our time preference proxy, we treat self-
reported patience as a continuous variable. Cesarini et al. (2009) have shown that the polygenic models
yield similar results, regardless of whether the dependent variable is treated as continuous or ordinal.



saturated model allows to evaluate the actual model fit. If the main assumptions are
fulfilled, no significant drop in model fit should be observed.

We decide to test the ADE model against the saturated model.'> The existing
differences in correlation between the MZ and DZ twin pairs (0.234 vs. 0.006) suggest
the presence of a dominant genetic effect on the variance in patience. Hence, twin theory
suggests that a standard ACE model would be inappropriate. According to Plomin et
al. (2013), dominant gegentic effects preclude an influence of the common environment.
Here, we fail to reject the hypothesis that the saturated model has a better fit than
the ADE model (p < .05). However, this occurs frequently in twin studies with a
(very) large sample size. Even minor differences in variances between twin groups can
be highly significant (see e.g., Waszczuk et al. 2015). Moreover, in fairly large twin
samples the consideration of the BIC criterion is advised. It takes into account the
underlying sample size. The BIC criterion is considerably smaller for the ADE model,
indicating a better fit than the saturated model (see e.g., Dale et al. 2015).

According to the Likelihood ratio test, dropping the D component from the ADE
model significantly reduces model fit (LRT=23.499, p < .01). Eliminating the additive
genetic component (A) from the ADE model does not worsen the model fit (LRT=6.077,
p > .10).13 This is not surprising because A is estimated zero in the ADE model.
These findings suggest that dominant genetic effects are present. On the contrary,
the additive genetic component is negligible. Hence, we select the DE model as our
preferred polygenic model. According to the Likelihood ratio test, the submodel does
not perform sigificantly worse than the ADE model. Moreover, it shows a slighly better
fit according to the standard criteria. In general, a lower AIC/BIC indicates better
model fit. Therefore, the results of the DE model indicate a heritability of patience of
roughly one quarter. In other words, we find that differences in genetics account for
23 percent of the overall variation in general patience across individuals.'* Additive
genetic effects as well as shared environmental effects are negligible. Consequently, the
largest proportion of variance is attributed to unique environmental influences (E). They
account for approximately three quarters of the total variation in patience. However, it

is important to keep in mind that the error term is also included in E.

[Insert Table 5 about here.|

12 A1l of the theoretical twin models represent submodels of the saturated model.

13The original p-values obtained from the Likelihood ratio tests comparing the ADE model to the AE
and DE models were too conservative. According to Dominicus et al. (2006), we made the recommended
adjustments and calculated the appropriate values.

Hzyphur et al. (2009) argue that it is generally inappropriate to choose the DE model over the ADE
model even though the A component is virtually zero. However, the estimate of heritability is the same,
whether relying on the ADE or the more parsimonious DE model.



Before we further discuss our findings, we would like to make some comments on
the most important assumptions underlying the polygenic models from above. First,
the equal environment assumption states that environmentally caused similarity is the
same for MZ and DZ twin pairs. This sounds plausible since both twin types share
the womb at the same time, are the same age and are raised together in the same
family environment. However, this assumption is not free of criticism. For instance,
Plomin et al. (2013) provide some evidence that MZ twins are likely to be treated
more similarly by their parents than DZ twins. However, research has shown that
any potential bias due to violations of the equal environment assumption is not of
first order importance (Bouchard 1998). Moreover, Bouchard et al. (1990) estimated
similar heritability coefficients, regardless of whether using twins reared together or
apart. Hence, heritability bias arising from equal environment violations are negligible.

Second, we test the assumption of random mating of mothers and fathers. In com-
parison to the vast majority of twin studies, we have the possibility to analyze the
correlation of patience between parents. The parents of the twins were asked to rate
their level of patience on the 11-point scale as well. We merged their answers with
the corresponding answers provided by the twins. Unfortunately, only two-third of the
fathers in the survey has reported non-missing information on patience. By contrast,
almost all surveyed mothers - probably because of their role as primary caregiver - have
indicated their general level of patience. Inevitably, this circumstance reduces the ac-
tual sample size to roughly 2,000 observations and therefore differs from the number of
observations used for the classic biometrical analyis. However, the results point towards
random mating. We find a negative correlation between maternal and paternal patience
that is not statistically significant (p = -0.03, p > .10). In general, there is very limited
evidence on assortative mating regarding time preference. To the best of our knowledge,
Gauly (2016) is the only study explicitly addressing this issue. Her evidence suggests
a weakly significant correlation which is also negative. Hence, further investigations
of assortative mating in the field of time discounting seems to be a promising area for
future research.

In general, standard twin models assume the lack of any gene-environment interac-
tions. In fact, it is (almost) impossible to provide conclusive evidence that this assump-
tion holds completely true. To test this assumption properly, you would need to have
a dataset incredibly rich in information. Depending on the subject under investigation,
you may require longitudinal trait data, information on non-adoptees and adoptees or
explicit environmental measures (see Rijsdijk and Sham (2002) for a critical discussion
of the underlying assumptions). However, as it is common practice in the twin litera-
ture, we assume that the absence of gene-environment interactions holds true. All in
all, we are confident that our biometrical analyses are not biased due to fundamental

violations of the standard assumptions of the twin method.

10



5 Discussion and conclusion

The main purpose of this paper was to provide evidence on the general formation of
time preference. In particular, we analyzed the degree to which time preferences are
heritable. We rely on novel twin data from the German TwinLife project. It is the first
large-scale twin study in Germany. We use self-reported patience as a meaningful proxy
for individual time discounting. Standard biometric analyses are conducted. According
to the model selection process, the DE model gives the best fit. In this model, the
dominant genetic effect is estimated to 23 percent. Hence, almost one quarter of the
total variance in patience can be attributed to genetic influences.

Unlike the findings from Anokhin et al. (2011) and Cronqvist and Siegel (2015),
this is the first paper that reveals a substantial contribution of the dominant genetic
component (D) to the overall variation in time preference. For instance, with respect
to the genetics of risk preferences, Zyphur et al. (2009) and Zhong et al. (2009) find
similar results. Both conclude that the attitude towards risk is a non-additive trait
which is genetically coded in a dominant/recessive way.

Inevitably, this raises the question about candidate genes which are related to time
discounting. In recent years, molecular genetics has spared no efforts to disentangle
the complex genetic architecture of human personality. For example, Eisenberg at
al. (2007) and Carpenter et al. (2011) found that the Dopamine Receptor D4 gene
(DRD4) predicts impulsivity and time preference, respectively. Furthermore, links be-
tween serotonin (5-hydroxytryptamine, 5-HT) and personality traits such as impulsivity
have been established (e.g., Carver and Miller (2006), Oades et al. (2008) and Miyazaki
et al. (2012)). We have to admit that most of these studies explicitly focus on im-
pulsivity and not so much on (long-term) time preference/patience. However, although
impulsivity is a slightly different concept in the context of time discounting, it is di-
rectly related to patience (see Kalenscher and Pennartz (2008) for an extensive review
of the neuroeconomics of intertemporal decision-making). For example, Gauly (2016)
shows a significant negative intrapersonal correlation between general patience and im-
pulsiveness. Overall, there is some evidence that dominant/recessive genes account for
differences in serotonin and/or dopamin levels that are further related time discounting.
But more research is needed to provide more conclusive evidence for the nonadditivity
in the genetics of time preference.

However, our study has some limitations. Unfortunately, we are not able to exploit
the longitudinal design of the TwinLife project. While writing these lines, only data on
the first partial wave with information on time preference was available for researchers.
However, for future research, it seems to be promising to expand the cross-sectional
analysis with panel data. This would allow to analyze possible changes in the degree of

heritability over the twins’ lifetime.

11



Due to the basic concept of the TwinLife study, we only have data on same-sex twin
pairs. Since MZ twin pairs are always the same sex by nature, DZ twins could differ.
However, information on DZ twin pairs consisting of a female and male individual is not
available in this twin study. Opposite-sex DZ twin pairs would have allowed to conduct
further investigations of the fairly low DZ correlations.

A further limitation is that the survey question on general patience is a rather uni-
versal measure of a person’s time preference. But we should be aware of the possibility
that time preferences may be domain-specific (Tsukayama and Duckworth 2010). Thus,
the degree of heritability of time preference might vary across different domains (e.g.,
monetary vs. health domain). For instance, Bickel et al. (1999) show that discount
rates are higher in the health domain than in the money domain. Future research is
highly encouraged to dive into the genetics of time preferences in different domains.

Yet another shortcoming is that we cannot completely rule out misreporting among
children. Our youngest cohort consists of twins aged 10-12 years. The survey question
on general patience is measured on a standard 11-point scale for all respondents. Al-
though the wording of the question is age-adjusted for this specific cohort, some children
may have experienced difficulties in answering this question appropriately (Mellor and
Moore 2014). Thinking about their own personality and providing the corresponding
answer on a Likert scale requires a sufficiently high level of abstract thinking of those
children. Thus, it is likely that at least some twins of this particlar birth cohort have
not fully developed their abstract thinking skills at this stage of life (Mackiewicz and
Cieciuch 2016). However, we are confident that potential measurement bias is negligi-
ble. We excluded all twins falling into the respective age range and re-estimated the
corresponding polygenic models. Although we lose a substantial number of observations
(one third of the sample size), we still obtain a heritability coefficient of around 20 per-
cent. Moreover, using a uniform measurement of patience for all respondents ensures
consistency and comparability across birth cohorts.

Despite the limitations mentioned above, we conclude that our findings provide
solid evidence that time preferences are broadly heritable. However, the majority of
variation in patience can be attributed to (unique) environmental factors. From a
policy perspective, this is good news. We infer that people can be affected by public
policy interventions that intend to make them more future-oriented. For instance, a
trait that is fully heritable (100%) would leave no scope for any interfering actions. Such
interventions may include information campaigns about the adverse health consequences
of smoking, a proper design of commitment devices to save more money for the future
or school-subsidies to show children that today’s investments in education will result in
higher earnings in the (distant) future. Hence, our results indicate that public policy
interventions with the aim of nudging people towards more future orientation and away

from rather seductive and elusive instant gratification may have a good prospect of

12



success. Since the literature on the genetics of time preferences is scarce, we want to
encourage future research to dedicate more time on the investigation of the genetics
of time discounting. However, it is already fair to say that the role of genetics in

intertemporal decision-making should no longer be ingnored.
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Figures in text
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Figure 1: Distribution of patience with the plot of a normal-density curve
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Figure 2: Distribution of patience, by zygosity
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Twin-twin scatterplots (by zygosity)
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Figure 3: Twin-twin plot of patience, by zygosity (Plots include fitted regression line
and 95% conficence intervals.)
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Tables in text

Table 1: Number of twins by zygosity and gender

female | male
DZ twins 856 694
MZ twins 806 600

Table 2: Summary statistics of the final twin sample (n=2956)

Variable Mean S.D. Min. Max.

patience 5.753  2.624 0 10
female 0.562  0.496 0 1
age 17.095 5.085 10 25
MZ 0.476  0.499 0 1
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Table 3: Self-reported patience

MZ twins DZ twins p-value

Patience Mean 5.907 5.614 <.01
S.D. 2.522 2.707
n 1406 1550

Notes: p-value from two-sample t test. Null hypothesis:
Same mean of patience for MZ and DZ twins.

Table 4: Correlations for MZ and DZ twin pairs

MZ twin pairs DZ twin pairs p-value

of diff.
Patience Spearman 0.241*** 0.006 <.01
(0.170-0.310) (—0.064-0.077)
n 703 775

Notes: Significance: *p<0.1, **p<0.05, ***p<0.01. Confidence inter-
vals for Spearman’s rank correlations in parentheses. p-value from boot-
strapped equality test for equal correlation coefficients. Null hypothesis:
Same correlations of patience for MZ and DZ twin pairs. Bootstrapped
replications = 1000.
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Table 5: Results of the biometric analyis of patience

LL df LRT Adf p-value AIC BIC A D C E
Saturated model —4155,544 18 8347,088 844246
ADE —4167,294 6 23499 12  0.024f 8346,588 8378,378 0.000 0.234 — 0.766
(0.000-0.000)  (0.162-0.306) (0.694-0.838)
AE —4170,332 5  6.077 1 <.01f  8350,664 8377,156 0.194 — 0.806
(0.127-0.261) (0.739-0.873)
DE —4167,294 5 <.01 1 >.10f  8344,588  8371,08 0.234 — 0.766
(0.162-0.306) (0.694-0.838)

Notes: Results from the variance component analysis. LL=log Likelihood, df=degrees of freedom, LRT=Likelihood ratio test statistic,
Adf= difference in degrees of freedom, AIC=Akaike’s information criterion, BIC=Sample size adjusted Bayesian’s information criterion.

T Compared to the saturated model. { Compared to the ADE model. Adjusted p-values (Dominicus et al. 2006). 95% confidence
intervals in parentheses.
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