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Abstract: Purpose: To clarify the mechanism of state anxiety on intertemporal decision-making, two studies
were conducted to investigate the role of trait anxiety and inhibitory control. Study 1 examined the moderating
effect of trait anxiety. Study 2 continued to investigate the mediating effect of inhibition control on the basis of
study 1. Methods: A total of 266 Chinese college students participated. Participants” state anxiety, trait anxiety
and intertemporal decision-making were measured by questionnaires (scales) respectively. And inhibition
control was evaluated by two-choice oddball paradigm. Results: The results of Study 1 indicated that state
anxiety could predict intertemporal decision-making and that the moderating effect of trait anxiety on this
relationship was significant. Study 2 found that inhibitory control could completely moderate the relationship
between state anxiety and intertemporal decision-making and that this indirect effect was affected by trait
anxiety. Conclusion: 1) Individuals with higher trait anxiety are more inclined to make more impulsive and
intertemporal decisions when they have a high level of state anxiety; 2) state anxiety allows inhibitory control
ability to have a further effect on intertemporal decision-making; and 3) the higher trait anxiety in individuals,
the stronger mediating effect of inhibitory control on the relationship between state anxiety and intertemporal
decision-making.
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1. Introduction

Intertemporal decision-making refers to the process by which individuals weigh and make
choices regarding the value of monetary reward outcomes that occur at different times [1]. The core
content of this process is delay discounting; that is, when individuals make choices regarding the
psychological trade-offs between costs and benefits that occur at different time points, they tend to
give less weight to the costs and benefits of future time nodes [2]. Researchers often use the delay
discounting task to examine intertemporal decision-making [3]. This task asks participants to choose
between two rewards: a smaller reward that is immediately available (Smaller-Sooner, SS) and a
larger but more distant reward, i.e., a delayed reward (Larger-Later, LL). As the acquisition time is
delayed, the individual’s evaluation of the same gain or loss decreases, resulting in an increase in the
discounting rate [4].

1.1. State Anxiety, Trait Anxiety and Intertemporal Decision-making

Emotions are one of the factors affecting individuals' intertemporal decision-making [5]. The
temporal relationship between emotions and decision-making is divided into pre-decision emotion,
in-decision emotion and post-decision emotion. Pre-decision emotion refers to the individual’'s
emotions prior to engaging in the decision-making task, which is not induced by the task but
accompanies the entire decision-making process. In-decision emotion refers to the emotional
experience stimulated by the decision-making process. Post-decision emotion is a pervasive and
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persistent emotional process that results from the decision [6]. Most studies have examined the
impact of pre-decision emotion on intertemporal decision-making. Different pre-decision emotions
have different effects on intertemporal decision-making. Positive emotions (such as gratitude and
happiness) and certain negative emotions (such as anger) cause individuals to prefer LL [2,7]. Other
negative emotions (such as sadness) cause individuals to focus more on SS [8].

The motivational dimensional model of affect posits that highly motivational negative emotions
such as anxiety help individuals evaluate and escape from dangerous situations [9]. During this
process, the range of individual attention is narrowed, cognitive resources are focused on target
stimuli, and cognitive flexibility is reduced [10]. Therefore, anxiety causes individuals to focus more
on immediate gains and losses and to prefer immediate gains. However, few studies have
investigated the effect of state anxiety on intertemporal decision-making, and the results of the
studies that have been conducted regarding this topic are contradictory. Hanies et al (2020) and Patt
et al (2021) used the same monetary delay discounting task to conduct relevant studies [11,12]. The
former group of authors found that anxiety significantly increased the rate of individuals choosing
SS, while the latter reported that anxiety was not significantly associated with the discounting rate.
Based on the existing evidence, the failure to consider the influence of trait anxiety may be a key
reason for the divergence of these research results. Trait anxiety is not only positively correlated with
state anxiety but also affects intertemporal decision-making [13]. Studies have reported that
individuals with high trait anxiety are more likely to choose SS due to their impulsive decision-
making [14]. Moreover, Zhao et al (2015) have also found that the higher individuals’ trait anxiety is,
the weaker the positive predictive power of state anxiety on SS selection, which may even shift to a
negative prediction [15]. However, Zhao's study did not fully induce the anxiety of the participants
and only considered the participants’ choice of SS as the dependent variable. These methods may
affect the reliability of the results. Therefore, the role of trait anxiety in the relationship between state
anxiety and intertemporal decision-making must be verified in further detail. In summary, this study
proposes Hypothesis 1: Trait anxiety moderates the effect of state anxiety on intertemporal decision-
making. The higher the individual’s trait anxiety, in cases of state anxiety, the individual is more
inclined to make impulsive intertemporal decisions, that is, to choose smaller short-term gains (as
shown in Figure 1).

Trait anxiety

Intertemporal
decision-making

State anxiety

Figure 1. The effect of state anxiety on intertemporal decision-making: A moderation model of trait

anxiety.

1.2. State Anxiety, Trait Anxiety, Inhibitory Control, and Intertemporal Decision-making

Processing negative emotion needs a large amount of cognitive resources and self-control
capacity, resulting in more irrational behaviors [16], such as irrational intertemporal decision-
making. Inhibitory control, as an executive function [17], refers to the ability to inhibit interfering,
irrelevant behaviours or impulsive behaviours [18]. Adolescents” inhibitory control improves, and
their discounting rate for monetary rewards decreases [19]. Hong (2014) believe the lottery gamblers’
higher rate of discounting is attributed to their low inhibitory control [20]. Therefore, inhibitory
control may be an important factor influencing intertemporal decision-making.

Regarding the relationship between anxiety and inhibitory control, previous studies have
recognized the fact that the cognitive ability decline caused by anxiety could lead to impaired
inhibitory control; however, there are differences in the anxiety components that have been reported
to play a role in this process. Some researchers have claimed that cognitive impairment is present
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only in high trait anxiety groups, resulting in deficits in inhibitory control from functional Magnetic
Resonance Imaging(fMRI), Event-related Potential(ERP) and Behaviour studies [21-24]. Other
scholars, in contrast, have reported that cognitive impairment is caused by transiently elevated state
anxiety, thereby reflecting the temporary depletion of cognitive ability caused by anxiety states [25],
which in turn impairs inhibitory control [26]. In addition, few previous studies have considered the
role of both state anxiety and trait anxiety in this process. Myles examined the effects of state anxiety
and trait anxiety on inhibitory control simultaneously and found that the effects of state anxiety on
inhibitory control differed significantly only in individuals with high trait anxiety [13]. These
viewpoints and results must be tested empirically in further detail.

Based on previous studies, trait anxiety may moderate the effect of state anxiety on
intertemporal decision-making. Trait anxiety may also be a moderating variable associated with the
effect of state anxiety on inhibitory control and a boundary condition on this effect in the context of
intertemporal decision-making. Therefore, this study proposes Hypothesis 2: Inhibitory control
mediates the predictive effect of state anxiety on intertemporal decision-making (as shown in Figure
2). Individuals with higher state anxiety exhibit weaker inhibitory control ability and thus make more
impulsive intertemporal decisions. And the study also proposes Hypothesis 3: The mediating process
by which state anxiety affects intertemporal decision-making via inhibitory control is mediated by
trait anxiety (as shown in Figure 3). Individuals with higher trait anxiety have weaker inhibitory
control ability when they have higher state anxiety, and they thus make more impulsive
intertemporal decisions.

Inhibitory control

e ™~

Intertemporal
decision-making

State anxiety

Figure 2. The effect of state anxiety on inhibitory control: A moderation model of trait anxiety.
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Figure 3. The effect of state anxiety on intertemporal decision-making:A moderated mediation model
of trait anxiety and inhibitory control.

2. Study 1: The Role of State Anxiety on Intertemporal Decision-making: A Moderation Model of
Trait Anxiety

2.1. Methods

2.1.1. Participants

Based on the power analysis by G*Power program(effect size 2= 0.20, power = 0.80, a = 0.05), the
minimum sample size required is 70. A total of 173 college students in Zhejiang University of
Technology were recruited via their campus bulletin board in January 2022, including 106 females,
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with an average age of 19.30 years old (SD = 1.76). This study was conducted in accordance with the
guidelines of the Declaration of Helsinki, and approved by the Human Research Ethics Committee
of Zhejiang University of Technology in Hangzhou, China (ethics approval number:
zjut202104735001-1). All the participants signed informed consent forms prior to participating in the
study.

2.1.2. Materials and Procedures

The Chinese version of the State-Trait Anxiety Inventory [27] was used to measure the trait
anxiety and state anxiety of participants. The inventory consists of 40 items. The first 20 items are
associated with the State Anxiety Inventory, which requires the participants to evaluate how they
feel at the moment they complete the inventory. The remaining 20 items are associated with the Trait
Anxiety Inventory. The participants are asked to evaluate their situation over the past week. The
inventory is scored on a 4-point scale, with higher scores indicating higher levels of anxiety. The
inventory has been widely used to measure the anxiety of Chinese college students [28-30]. The split-
half reliability of the inventory in this study was 0.94, and the consistency reliability of the subscales
were Cronbach’s astate = 0.94 and Cronbach’s aunit = 0.93, respectively. Before administering the test,
the researcher reminded the participants that there were differences between the subscales.

The Monetary Choice Questionnaire [31] was used to measure participants' preferences in the
context of intertemporal decision-making. The questionnaire consists of 27 items divided into the 3
groups of large reward (L), medium reward (M), and small reward (S); each group features 9 items.
Participants were required to choose one of the SS and LL options. The questionnaire uses the
discounting rate k as an indicator. The larger the value of k is, the more impulsive the individual's
behaviour, and the easier it is for the individual to choose a small and immediate reward. The reward
and delay times for the items are different, but the discounting rate for one item in each of the three
groups is the same. It is worth noting, considering the fact that the state anxiety and trait anxiety
inventory may have similar meanings in terms of item content, that the participants completed the
state anxiety inventory first, followed by the intertemporal decision-making task, and finally the trait
anxiety inventory.

2.1.3. Data Analysis

The discounting rate k is calculated using the method developed by Kibury [31]. First, we use
the formula k = (LL/SS-1)/Delay to calculate the undifferentiated k for choosing a smaller amount
versus a larger amount per item [32]. The Delay factor included in the formula indicates delay time.
Second, the three groups of questions are sorted in descending order according to the
undifferentiated k value. The change in the participants' choice is the interval over which k falls, and
the geometric mean of the k values of the two items is taken to represent the discounting rate of the
participants. If multiple choice changes occur within a group, k is estimated using the Bayesian
formula [33]. Finally, the geometric mean of the three groups of discounting rates is taken as the final
k of the participants. Since the value of k does not conform to a normal distribution (Skew = 4.45, Kurt
=23.04), k is log-transformed and recorded as k" (Skew = 0.01, Kurt =-0.66) [12].

Independent sample t test was used to examind the differences of gender and age in each
variable. State anxiety exhibited significant gender differences (#(169) = -2.32, p = 0.02, d = 0.37) and
age differences (F(1,9) = 2.02, p < 0.05, n,2= 0.10). The age difference in trait anxiety was marginally
significant (F(1,9) = 2.02, p = 0.053, 1,2 = 0.10). The remaining variables exhibited no significant
differences (ps > 0.05). Therefore, gender and age were used as control variables in this study.

Statistical analysis was conducted using SPSS 22.0 and Mplus 8.0 software. All regression
coefficients were tested using the bootstrap method, and the theoretical model was tested by
sampling 5000 times with a 95% confidence interval.
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2.2. Results

2.2.1. Descriptive and Correlational Analyses

The results of the description and correlation analyses indicated (see Table 1) significant positive
correlations among state anxiety, trait anxiety and discounting rate. It is consistent with the basic
requirements of constructing a moderation model.

Table 1. The mean, standard deviation and correlation matrix of each variable (N=171).

Variables M SD 1 2 3 4 5
1 Gender - - 1
2 Age 19.30 1.76 -14 1
3 State anxiety 42.02 11.32 0.18° 0.06 1
4 Trait anxiety 44.85 10.33 0.11 0.05 0.88™ 1
5k’ -2.37 0.73 0.03 0.02 0.56™ 0.45™ 1

Note: Gender is a dummy variable, male=0, female=1. *p<0.05, **p<0.01, ***p<0.001.

2.2.2. The Effect of State Anxiety on Intertemporal Decision-Making: A Moderation Model Test for
Trait Anxiety

The collinearity test found that the VIFs were all less than 5, which proved that there was no
collinearity problem in this study.

In accordance with the procedures of the moderation analysis, base model was constructed to
assess the direct predictive effects of state anxiety and trait anxiety on discounting rate. The results
indicated the base model fits well (see Table 2). State anxiety positively predicted the discounting rate
(B=0.66, t =4.66, p <0.001). The remaining variables were not predictive in this context (ps > 0.05).

Then, the moderating model was constrcuted fitting well(see Tables 2—4). According to the
moderating model, state anxiety positively predicted the discounting rate (8 =0.65, t=4.77, p <0.001),
and the state anxiety x trait anxiety term also significantly predicted the discounting rate (5 =0.19, ¢
=2.73, p = 0.01), indicating that trait anxiety could moderate the predictive effect of state anxiety on
the discounting rate. Simple effects tests showed that higher trait anxiety in individuals were
associated with a stronger predictive effect of state anxiety on intertemporal decision-making (see
Figure 5). The remaining variables were not predictive in this context (ps > 0.05).

Table 2. The effect of state anxiety on intertemporal decision-making: A moderatinon model test for
trait anxiety.

Regression equation (N=171 . . Coefficient
Fit metrics e g
) significance
S ¢ gmw ac me p o ®
63.07 4 -211.10434.20 453.05 0.31
Discounting Gender -0.07 -1.04
Base model rate Age -0.04 -0.56
State anxiety 0.66™ 4.66
Trait anxiety -0.11  -0.68
71.05 5 -207.11428.22 450.22 0.34
Gender -0.10 -1.56
. . . Age -0.06 -0.95
Moriz?etllon Dlscl?;ztlng State anxiety 0.65™ 4.77
Trait anxiety -0.07 -0.43
State anxiety x 019 273

Trait anxiety
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Table 3. Moderation effects of trait anxiety.

Trait anxiety State anxiety— Discounting rate LCI UCI
M-1SD 0.491" 0.25 0.75
M 0.653" 0.41 0.89
M+1SD 0.815 0.53 1.08

Note: The LCI and UCI are the lower and upper limits of the 95% confidence interval.

Trait anxiety e w007
) 0.65™ "=l Intertemporal
State anxiety decision-making
: 0.19"
State anxiety x
Trait anxiety

Note: The solid line in the figure indicates that the prediction effect is significant, while the dotted line indicates
that the prediction effect is not significant; the same is true below.

Figure 4. The effect of state anxiety on intertemporal decision-making: A model diagram of the
moderating role of trait anxiety.
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Note: The horizontal axis represents the standard score of state anxiety, while the vertical axis
represents the standard score of the discounting rate. The range of the samples included in Study 1
was (-1.94~2.74).

Figure 5. The moderating role of trait anxiety in the relationship between state anxiety and

intertemporal decision-making.

2.3. Summary

The results of Study 1 supported Hypothesis 1, i.e., that trait anxiety moderates the predictive
ability of state anxiety on intertemporal decision-making. Specifically, in individuals with higher trait
anxiety, state anxiety is more predictive of intertemporal decision-making and vice versa. In Study 2,
inhibitory control factors were included to explore their mediating role in the relationship between
state anxiety and intertemporal decision-making.
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3. Study 2: The Effect of State Anxiety on Intertemporal Decision-making: A Moderated
Mediating Model of Trait Anxiety and Inhibitory Control

3.1. Methods

3.1.1. Participants

Based on the power analysis by G*Power program(effect size 2= 0.20, power = 0.80, a = 0.05), the
minimum sample size required is 80. A total of 95 college students in Zhejiang University of
Technology were recruited via their campus bulletin board in February 2022, including 55 females,
with an average age of 21.00 years old (SD = 1.63). This study was conducted in accordance with the
guidelines of the Declaration of Helsinki, and approved by the Human Research Ethics Committee
of Zhejiang University of Technology in Hangzhou, China (ethics approval number:
zjut202104735001-2). All the participants signed informed consent forms prior to participating in the
study.

3.1.2. Procedure

The participants first completed the state anxiety inventory (consistency reliability Cronbach’s
astate = 0.88), followed by the intertemporal decision-making task (the same task as used in Study 1)
and the two-choice oddball paradigm [17], and finally the trait anxiety inventory (consistency
reliability Cronbach’s aurit= 0.85). The two-choice oddball paradigm can measure sensitive behavioral
indicators of suppression control [17].The experimental programme for the two-choice oddball
paradigm was developed in E-prime 2.0 (see Figure 6). After beginning the experiment, the red
fixation was first presented in the centre of the screen for 300 ms, and after the presentation of a blank
screen for 500-1500 ms, either “X” (the standard stimulus, which appeared 75% of the time) or “O”
(the deviation stimulus, which appeared 25% of the time) was presented in the same position. The
participants were asked to press the "f" key if the stimulus was “X” and the “J” key if the stimulus
was “O”. They were required to provide correct responses as soon as possible, specifically within
1000 ms. Finally, feedback was presented for 1000 ms. The formal experiment included 100 trials, and
following every 10 trials, the correct rates of the two types of stimulus response were presented for
1500 ms in the centre of the screen as feedback. During the practice phase, the participants were
required to complete 8 trials using the same process as in the formal experiment, and the formal
experiment could be completed only after the correct response rate reached 100%.

Time

300ms
500-1500ms - SN
1000ms
1000ms

o I

WRON

The Accurucy of X is ...
The Accurucy of O is ...

1500ms \

Figure 6. Procession of the two-choice oddball paradigm.

3.1.3. Data Analysis

In the two-choice oddball paradigm, Accuracycost = Accuracystandard stimulus - ACCUTaCY deviation stimulus,
and RTcost = RTstandard stimutus - RT deviation stimuus. This study required the participants to respond with a
sufficient level of practice to ensure the correct rate. The participants responded to both stimuli with
more than 90% accuracy in the formal experiment, the average of standard stimulus response
accuracy was 99% (as shown in Table 4). The accuracy cost as inhibitory control indicators might not
be accurate, as there might be some ceiling effect. Therefore, the response time cost was used as an
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index to measure inhibitory control. The larger the response time cost is, the weaker the participant’s
inhibitory control ability.

Statistical analysis was conducted using SPSS 22.0 and Mplus 8.0 software. All regression
coefficients were tested using the bootstrap method, and the theoretical model was tested by
sampling 5000 times with a 95% confidence interval.

Table 4. The means and standard deviations of the correct rate and reaction time as well as the correct
rate cost and reaction time cost (M+SD).

Groups Accuracy Accuracycost RT RTcost
Standard stimulus 0.99 +0.01 417.64 +51.26
Deviation stimulus ~ 0.94 + 0.06 0.06:£0.06 439.34 +47.29 21.70+30.18

3.2. Results

3.2.1. Correlation Analysis of Discounting Rate, Inhibitory Control, State Anxiety and Trait Anxiety

The descriptive statistics and correlation analysis showed (see Table 5) that state anxiety, trait
anxiety, inhibitory control and discounting rate were all significantly positively correlated. It is
consistent with the basic requirements of constructing a mediation model.

Table 5. The mean, standard deviation and correlation matrix of each variable (N=95).

Variables M SD 1 2 3 4 5 6
1 Gender - - 1
2 Age 21.00 1.63 -0.33** 1
3 State anxiety 44.99 6.62 0.11 0.01 1
4 Trait anxiety 45.50 5.85 -0.03 0.18 0.74*** 1
5 RTcost 21.70 30.18 0.10 0.01 0.58*** 0.48*** 1
6k’ -2.42 0.77 0.05 0.22 0.24* 0.22* 0.56*** 1

3.2.2. The Effect of State Anxiety on Intertemporal Decision-making: A Moderated Mediation Model
Test of Trait Anxiety and Inhibitory Control

The collinearity test found that the VIFs were all less than 5, which proved that there was no
collinearity problem in the study.

First, the mediating effect test of inhibitory control is shown in Tables 6 and 7 as well as Figure
7. According to the base model, state anxiety directly predicted the discounting rate (8 =0.29, t =2.80,
p =0.004). When the mediating variable inhibitory control was included in the mediation model, the
direct prediction effect mentioned above became nonsignificant (p > 0.05). In contrast, state anxiety
predicted inhibitory control (8 = 0.60, t = 9.13, p < 0.001), and inhibitory control predicted the
discounting rate (8 =0.59, t =5.04, p <0.001). In addition, the upper and lower bounds of the bootstrap
95% confidence interval for the mediating effect of inhibitory control did not contain 0 (see Table 7),
thus indicating that inhibitory control was capable of playing a complete mediating role with respect
to the predictive effect of state anxiety on the discounting rate.

Second, the moderating effect of trait anxiety was tested on the basis of the mediation model,
and the results are shown in Tables 8 and 9 as well as Figure 8. After incorporating trait anxiety into
the model, the state anxiety x trait anxiety term was able to predict inhibitory control (f = 0.26, t =
3.00, p = 0.003) but not to predict the discounting rate directly (p > 0.05), thus indicating that trait
anxiety could play only a moderating role with respect to the predictive effect of state anxiety on
inhibitory control. Simple slope analysis showed (see Figure 9) that higher trait anxiety it participants
was associated with a greater predictive effect of state anxiety on inhibitory control and that
inhibitory control had a stronger mediating effect on the relationship between state anxiety and
discounting rate (see Table 9).
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Table 6. Mediation model test of inhibitory control.

Regression equation (N=95) Fit metrics C.oe.ff.l clent
significance
Outcome Predictor d  Log(
2 Al BI R?
variables variables X f L) c c p t
12.4 oo 267. 279,
9 3 1285 1 38 0.12
B del Discounting 6
ase mode rate Gender 0.08 076
Age 021" 2.02
State anxiety 0.29" 2.80
82.6 . 477. 505
3 7 22;.7 57 66 0.36
Inhibitory Gender 005 031
control
Age 0.04 0.67
Mediation State anxiety 0'6*0 9.13
model 0.35
Gender 013  0.69
Discounting Age 011 177
rate State anxiety -0.06 -0.50
Inhibi 59"
nhibitory 0 %9 5.04
control
Table 7. The mediating effect of inhibitory control.
Mediating variable Indirect effect size Boot CE LCI UCI
Inhibitory control 0.35 0.08 0.22 0.50
Inhibitory
control
0.59***
. 0.07 Intertemporal
State anxiety p------------------------3 > .. .
decision-making

Figure 7. Model diagram of the completely mediating effect of inhibitory control on state anxiety and

intertemporal decision-making.

Table 8. Results of the moderated mediation model test.

tfici
Regression equation (N=95) Fit metrics (.Zoe. .1c1ent
significance
Outcome Predictor
2 2
variables variables X df Log  AIC BIC p t R
931 1 - 476.0 514.3
3 1 223.03 7 8 043
Gender 0.06 0.70
Inhibit trol Age 0.05 0.60
fortory contro State anxiety 0.63™  6.42
Trait anxiety 0.06 0.58
State anxiety x 0.26" 3.00

Trait anxiety
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10
0.35
Gender 0.07 0.73
Age 0.19 1.90
tat i -0.02  -0.1
Discounting rate Sta .e anxllety 00 0.10
Trait anxiety -0.06 -0.48
Inhibitory control 0.58™ 524
State. anx1?ty x 0.03 036
Trait anxiety
Table 9. Moderating effects of trait anxiety.
Mediating Moderating Indirect effect Boot CE ucI LCI
variable variable size
M-1SD 0.24" 0.08 0.12 0.39
Inhibitory control M 0.27 0.10 0.22 0.53
M+1SD 0.50" 0.13 0.30 0.74
Inhibitory
control
Trait anxiety 0.58™
State anxiety
State anxiety X _______________________:::_::\:» dIn.te.rtempoll;z.il
Trait anxiety €C1S10n-makxing

Figure 8. The predictive role of state anxiety on intertemporal decision-making: A moderated
mediating model of trait anxiety and inhibitory control.
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Note: The sample range in Study 2 was (-2.72~1.66).

Figure 9. The moderating role of trait anxiety in the relationship between state anxiety and inhibitory

control.

3.3. Summary

The results of Study 2 supported Hypotheses 2 and 3 and found that inhibitory control played a
complete mediating role in the relationship between state anxiety and intertemporal decision-
making; that is, state anxiety affected intertemporal decision-making by altering inhibitory control
ability. The study further found that for individuals with higher trait anxiety, the mediating effect of
inhibitory control on the relationship between state anxiety and intertemporal decision-making
increased.
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4. Discussion

4.1. The Effect of State Anxiety on Intertemporal Decision-making: The Moderating Effects of Trait Anxiety

Study 1 found that state anxiety positively predicted individuals' intertemporal decision-
making, which was consistent with the findings reported by Hanies [11]. That is, the higher the state
anxiety of the individual is, the higher the discounting rate of the intertemporal decision-making task,
and the more inclined the individual is to choose the immediate beneficial SS. Namely, when
individuals experience emotional states such as anxiety and worry, they tend to avoid these negative
emotions and hope to end the events that induce the above emotions more quickly [34], so they are
more inclined to choose SS.

The study also found that, as a personality trait, trait anxiety could not directly predict
intertemporal decision-making but also that it did affect such decision-making by interacting with
state anxiety, which is basically consistent with the findings reported by Zhao [15]. Trait anxiety
affects the predictive power of state anxiety with respect to intertemporal decision-making. On the
one hand, the state anxiety exhibited by individuals with higher trait anxiety is more predictive of
intertemporal decision-making. These individuals are more impulsive and choose smaller-sooner
gains when they experience high levels of state anxiety. Previous studies have shown that individuals
with high trait anxiety are prone to have negative expectations regarding future events [35], are more
inclined to choose SS when making decisions [36], and exhibit stronger brain activation [14]. When
they are in a high state of anxiety, the increasing uncertainty of the environment and the emergence
of self-defeating behaviours (such as self-interest) prompts them to be more impulsive, and so they
tend to choose smaller-sooner gains [37]. On the other hand, state anxiety in individuals with lower
trait anxiety was less predictive of intertemporal decision-making. The findings reported by Patt
support this finding. Those authors recruited participants with lower trait anxiety and state anxiety
than the standard sample and found no association between state anxiety and intertemporal decision-
making [12]. In addition, this study found that state anxiety and trait anxiety have a stronger
correlation, which may be due to the close link between the two concepts. Trait anxiety refers to a
stable trait indicating that individuals are more likely to be anxious when encountering a situation,
while state anxiety refers to immediate anxiety. From daily experience, in the same situation, people
who easily become nervous may have higher levels of anxiety than those who are less nervous[27].

4.2. The Effect of State Anxiety on Intertemporal Decision-Making: The Mediating Effect of Inhibitory
Control

Study 2 found that inhibitory control completely mediated the effect of state anxiety on
intertemporal decision-making. High state anxiety impairs individuals’ inhibitory control,
prompting them to make intertemporal decisions that are less rewarding. Consistent with previous
findings, an immediate increase in an individual's state anxiety leads to impaired inhibitory control
[13,38]. Namely, according to the motivational dimensional model of affect [9], high avoidance
negative emotions such as anxiety narrow the individual’s range of attention [39,40] and thus cause
the individual to focus cognitive resources on target stimuli, thereby reducing cognitive flexibility
and temporarily depleting cognitive ability [10].

Meanwhile, the impairment of inhibitory function affects the individual's control of
inappropriate and impulsive behaviours, further encouraging impulsive and risk-taking behaviours
in the context of intertemporal decision-making. Previous studies have also found that adolescents’
discounting rate of monetary rewards gradually decreases as they age, and the gradual improvement
of their inhibitory control ability plays a key role in this process [19]. Gamblers who are addicted to
lottery tickets face the same situation. Some studies have found that these individuals’ lower-than-
average delay discounting rate is caused by their lower inhibitory control ability [20]. Overall, state
anxiety predicts intertemporal decision-making via inhibitory control.
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4.3. The Effect of State Anxiety on Intertemporal Decision-Making: The Moderated Mediating Effects of Trait
Anxiety and Inhibitory Control

Study 1 found that trait anxiety has a moderating effect on the relationship between state anxiety
and intertemporal decision-making. However, Study 2 found that in the moderated mediating effect
model, the moderating effect of trait anxiety on the direct pathway was not significant. This finding
suggests that the direct predictive effect of state anxiety on intertemporal decision-making is not easily
affected by the individual’s level of trait anxiety. This lack of effect may be due to the fact that according
to the moderated mediation model, state anxiety does not have a significant direct predictive effect on
intertemporal decision-making, and it affects intertemporal decision-making entirely via the mediating
effect of inhibitory control. Study 2 also found that trait anxiety predicts intertemporal decision-making
by modulating the effect of state anxiety on inhibitory control. The specific manifestation of this
influence lies in the fact that high state anxiety reduces the inhibitory control of individuals with high
trait anxiety, causing them to make impulsive intertemporal decisions. This model may be more
representative of the true role of trait anxiety with respect to predicting the effect of state anxiety on
intertemporal decision-making.

Most previous studies have found that the impairment of inhibitory control is the result of the
temporary depletion of state anxiety or the stable characteristics of trait anxiety. The results of this study
further support the claim that the impairment of inhibitory control is the result of the combined effect
of these two factors. Similar to the findings reported by Myles [13], Study 2 found that state anxiety and
trait anxiety interactively predicted inhibitory control. A possible reason for this finding is that
individuals with high trait anxiety have deficits with respect to their inhibitory control ability [41], and
an increase in state anxiety also temporarily impairs inhibitory control, thereby exacerbating the
inhibitory control deficits exhibited by individuals with high trait anxiety. Meanwhile, Blakemore and
Robbins argued that individuals’ decision-making involves interactions among several processes,
including inhibitory control [19]. Studies have also found that changes in the activity of certain brain
regions related to cognitive control networks in addicts are associated with increased immediate reward
preferences [42,43]. Therefore, cognitive control ability plays an important role in individuals’
intertemporal decision-making processes. Overall, these results indicate that individuals’ intertemporal
decision-making is affected by a combination of cognitive and emotional factors.

4.4. Limitations and future direction

However, there are some limitations to this study. For example, when measuring state anxiety,
trait anxiety, inhibitory control, and intertemporal decision-making, this article did not use any control
or manipulation approach. Although this can explore the relationships between variables under natural
conditions, the results reflect the correlation relationship. Future studies may consider using the task to
induce the anxiety of participates and further verify the causal relationship by comparing the changes
of inhibition control and intertemporal decision-making before and after the task, or establishing a
model. In addition, this study has obtained results at the behavioral level so far. In the future, multi-
level techniques (such as physiological multi-conduction, EEG, etc.) can be used to indicate the real-
time state anxiety level of the subjects in the form of multiple indexes (comprehensive EEG and
physiological indicators of the subjects), divide different time zones, and investigate its impact on
intertemporal decision-making, which can make the study more ecological validity.

5. Conclusions

In this study, the questionnaire method and the experimental method were used to investigate the
influence of state and trait anxiety on individual intertemporal decision-making as well as the role of
inhibitory control in this process, and the following conclusions and implication were obtained: 1)
Anxiety makes people impulsive. Better to wait for emotions get stable; 2) The ability to inhibit behavior
will be reduced, when in an anxious state; 3) The higher the trait anxiety, the stronger the two effects
above; 4) When anxious and ability to inhibit behavior limited, it's easy to make impulsive decisions.
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