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A B S T R A C T

Studies have demonstrated that addiction leads to blunted responses of cortisol and sympathetic nervous system
(SNS) to acute stressors; however, limited studies have examined the neuroendocrine and SNS stress responses in
Internet addiction (IA). To examine acute stress responses in IA, the current study recruited a total of 76 Japanese
university students and staff members (51 females and 25 males, mean age ¼ 22.4 years, SD ¼ 4.7), and measured
the salivary cortisol, salivary alpha-amylase (sAA), and blood pressure (BP) responses to an acute stressor under
stress or a nonstress placebo conditions in IA and non-IA groups. The results revealed that patients with IA showed
a blunted cortisol response to a stressor. In contrast, no differences were found in the sAA and BP responses
between the IA and non-IA groups. These results suggest that IA may be characterized by blunted cortisol re-
sponses in acute stress settings.
1. Introduction

With the widespread use of Internet, Internet addiction (IA) has
become a global issue. IA is a non-substance behavioral addiction defined
as excessive or poorly controlled preoccupations, urges, or behaviors
related to Internet use, accompanying distress and functional impairment
in several life domains (Weinstein et al., 2014). The term "IA" refers to
generalized addictive use of the Internet, regardless of specific online
activities. Addictive use of online content such as video games and social
networking services (SNS) is categorized as an IA subtype, referred to as
Internet gaming disorder (IGD) and social networking addiction.

Prior studies have demonstrated a close association between addic-
tion and stress (Sinha, 2008). Individuals with substance and behavioral
addictions have been affirmed to have higher levels of psychological
stress responses (i.e., perceived negative feeling) (Sinha and Jastreboff,
2013). IA is also associated with higher psychological stress (Kuss et al.,
2021; Tsumura et al., 2018). A laboratory stress task evoked higher levels
of acute psychological stress in individuals addicted to alcohol (Bernardy
et al., 2003; Sinha et al., 2009), opioids (Back et al., 2015), heroin (Gerra
et al., 2014), and gambling (Kaess et al., 2017), whereas some studies
reported normal levels of psychological stress responses to acute stressors
in addiction (Back et al., 2008; Ginty et al., 2012; Panknin et al., 2002).
Stress responses and exposure to stressors are also related to addiction
.jp (H. Tsumura).
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(Turner and Lloyd, 2003). For instance, previous studies have revealed
that individuals who experience trauma, such as childhood abuse, nat-
ural disaster, and serving as a soldier, are more likely to develop an
addiction in the future (al’Absi et al., 2021; Goeders, 2003; Levin et al.,
2021). Furthermore, stress-related psychiatric disorders such as post-
traumatic stress disorder (PTSD) are more commonly seen to co-occur
with addiction (Briand and Blendy, 2010; Bruijnzeel, 2012; Donovan
et al., 2001; Saxon et al., 2001).

Altered neuroendocrine and autonomic nervous system (ANS) re-
sponses to acute stressors are linked to addiction. Research has been
conducted in humans that focused on the two main stress systems of
organisms, namely, the hypothalamic–pituitary–adrenal (HPA) axis and
ANS. Although some studies have reported exaggerated (Starcke et al.,
2013) and normal (Back et al., 2015) cortisol and sympathetic nervous
system (SNS) responses, substance addiction has been linked to blunted
cortisol, the final product of the HPA axis, and SNS responses to acute
stressors (Chen et al., 2020). Individuals with blunted cortisol responses
are reportedly addicted to alcohol (Ehrenreich et al., 1997; Sinha et al.,
2009), heroin (Gerra et al., 2014), and nicotine (Back et al., 2008; Ginty
et al., 2014). In line with substance addiction, studies have validated
that behavioral addiction is also associated with blunted cortisol and
SNS responses to acute stressors; blunted cortisol and SNS stress re-
sponses have been linked to gambling disorder (Paris et al., 2010),
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binge eating (Ginty et al., 2014), and excessive exercising (Heaney
et al., 2011).

Limited studies have reported the relationship between IA and
neuroendocrine and ANS stress responses. Bibbey et al. (2015) verified
that university students with IA showed normal salivary cortisol re-
sponses to an acute psychosocial stressor. However, the study measured
salivary cortisol only once after completing the stress task, and it may
therefore have failed to capture the cortisol response at its peak. Kaess
et al. (2017) reported that youth with IGD exhibited blunted cortisol
responses to an acute psychosocial stressor. IGD is an addiction specific to
online gaming; therefore, a cortisol stress response in IA, which is char-
acterized by the addictive use of the Internet in general with no specific
online content, has not been reported. Furthermore, prior studies on
neuroendocrine and ANS stress responses to behavioral addiction did not
include a nonstress placebo condition; thus, the potential confounding
variables could decrease the internal and statistical conclusion validity of
the results.

The current study examined the HPA axis and SNS responses to an
acute psychological stressor in IA. This study analyzed the levels of
salivary cortisol and alpha-amylase (sAA) and blood pressure (BP) to
evaluate the HPA axis and the SNS activities, respectively. Adults with
and without IA were placed under stress or nonstress placebo conditions
to exclude potential confounding variables. Cumulative evidence (e.g.,
Carroll et al., 2017; Chen et al., 2020) suggests that substance and
behavioral addictions are related to blunted cortisol and SNS stress re-
sponses; therefore, it was hypothesized that individuals with IA will
present with blunted cortisol, sAA, and BP responses.

2. Methods

2.1. Participants

Participants were recruited from among the students or staff of the
Shimane University through advertisement at the university campus. A
total of 76 Japanese university students and staff members (51 females
and 25 males) participated in the study. The mean age was 22.4 years
(standard deviation [SD] ¼ 4.7), ranging from 18 to 39 years old. The
exclusion criteria were as follows: aged <18 or >39 years; having acute
or chronic somatic or psychiatric disorders; taking medication that are
associated with cortisol and SNS responses; and female with irregular
menstrual cycles or taking oral contraceptive. Participants were
compensated for their participation. The participants were stratified by
sex and randomly allocated to the stress condition, with acute stress tasks
(25 females and 13 males) or the nonstress placebo condition, with
placebo tasks (26 females and 12 males). Furthermore, according to the
Internet addiction test (IAT; Young, 1998; Osada, 2013) as described
below, the participants were post-hoc allocated to the IA group (IAT score
�50) or the non-IA group (IAT score <50) (Tateno et al., 2018). The
study was approved by the Medical Research Ethics Committee, Shimane
University Faculty of Medicine (No. 20161130-2, approved on December
14, 2016). All the participants received detailed information about the
study and provided written informed consent prior to their participation.

2.2. Measurements

2.2.1. Participant background
The participants provided information regarding sex, age, height,

body weight, the number of days after menstruation (for females), and
the amount and frequency of alcohol consumption and smoking.

2.2.2. IA
The severity of IA was assessed using the Japanese version of the

Internet addiction test (IAT; Young, 1998; Osada, 2013), a self-reported
questionnaire comprising items that evaluate the impact of Internet use
on daily life, social functioning, and feelings. The reliability and validity
of the questionnaire was reported to be adequate (Osada, 2013;
2

Widyanto and McMurran, 2004). Each item was rated using a 5-point
Likert scale, and the total scores on the IAT ranged from 20 to 100. In
this sample, the Cronbach's α coefficient was 0.92.

2.2.3. Depressive symptoms
The Japanese version of the Center for Epidemiologic Stud-

ies—Depression (CES-D scale; Radloff, 1977; Shima et al., 1985) is a
self-reported questionnaire composed of 20 items evaluating depressive
symptoms experienced during the past week. The CES-D comprised items
including, "I felt depressed," and" I felt sad." Each item on the scale is
rated on a 4-point Likert scale ranging from 0 (less than 1 day) to 3 (5–7
days). The total score on the scale ranges from 0 to 60. The scale has
confirmed validity and reliability (Radloff, 1977; Shima et al., 1985). In
this sample, the Cronbach's α coefficient was 0.88.

2.2.4. Trait anxiety
Trait anxiety was measured using the Japanese version of the Spiel-

berger State-Trait Anxiety Inventory's—trait form (STAI-T; Spielberger
et al., 1997; Shimizu and Imae, 1981). The STAI-T is a 20-item
self-reported questionnaire comprising statements such as, "I feel
pleasant," and" I feel secure." The respondents indicate how they expe-
rienced these conditions generally. Responses are made using a 4-point
Likert scale ranging from 1 (almost never) to 4 (almost always)—the
total scores on the scale range from 20 to 80. The scale has demonstrated
validity and reliability (Spielberger et al., 1997; Shimizu and Imae,
1981). In this sample, the Cronbach's α coefficient was 0.90.

2.2.5. Perceived stress
The Japanese version of the Perceived Stress Scale (PSS; Cohen et al.,

1983; Iwahashi et al., 2002) is a self-reported questionnaire for assessing
perceived levels of stress. The scale comprises 14 items concerning
feelings and thoughts about unpredictability, uncontrollability, and
being overloaded during the last month. The items include, "How often
have you been upset because of something that happened unexpectedly?"
and "How often have you been able to control irritations in your life?"
Each item is rated on a 5-point Likert scale ranging from 0 (never) to 4
(very often)—the total scores on this scale range from 0 to 56. The scale
has demonstrated validity and reliability (Cohen et al., 1983; Iwahashi
et al., 2002). In this sample, the Cronbach's α coefficient was 0.86.

2.2.6. Affective response
Affective responses were assessed using the Japanese version of the

positive and negative affect schedule (PANAS; Watson et al., 1988; Sato
and Yasuda 2001), a self-reported scale comprising two subscales to
measure the positive (PANAS-P) and negative (PANAS-N) affects. The
Japanese version of the PANAS comprised 16 items; 8 positive and
negative mood terms each. The current affect was rated on a 6-point
scale, and the sum of the ratings generated the positive and negative
affect scores that each ranged from 8 to 48. The questionnaire was
confirmed to be reliable and valid (Watson et al., 1988; Sato and Yasuda
2001). In this sample, the Cronbach's α coefficients of PANAS-P and
PANAS-N ranged from 0.90 to 0.92 and 0.86 to 0.92, respectively.

2.2.7. HPA axis and SNS responses
For the assessment of salivary cortisol and sAA levels, saliva samples

were collected through passive drooling during the time period from
13:00 to 17:00 h. Participants were asked to refrain from alcohol,
caffeine, and drug consumption and smoking a day before the experi-
ment. They were also required to abstain from eating, brushing, and
excessive physical activity 1 h before the experiment. The saliva samples
were frozen below �80 �C until assay. The salivary cortisol and sAA
levels were measured via enzyme-linked immunoassay and kinetic
enzyme assay using commercial kits from Salimetrics (State College, PA,
USA) according to the manufacturer's instruction. The detection limits
are 0.012 μg/dl and 2 U/ml for cortisol and sAA, respectively. The
measurement was conducted in duplicates. The inter- and intra-assay
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coefficients for the assay were <10%. Samples from the same partici-
pants were analyzed in using the same assay. To measure BP, the systolic
BP (SBP) and diastolic BP (DBP) were recorded using a BP meter from
A&D Medical (Tokyo, Japan).
2.3. Acute psychosocial stress task

We used the paced auditory serial addition test modified for stress
induction inducing stress because it can successfully elicit affective,
neuroendocrine and ANS stress responses (Ginty et al., 2012; Heaney
et al., 2011). In accordance with prior studies (Ginty et al., 2012; Heaney
et al., 2011), a series of single numbers was serially presented on a
laptop. Participants were instructed to speak aloud the sum of the current
and previously displayed numbers. The task comprised five blocks and
lasted for approximately 15 min. The intervals between the numbers
were 3.5 s for the first block, and reduced by 0.5 s for each successive
block. A brief burst of approximately 80 db white noise was presented
each time a mistake or an omission was made. In addition, the first scores
of 100 points were reduced by one point for every wrong answer or
omission, and the final point was used as their task performance score.
Moreover, the participants were made to compete with their peers on the
task performance scores. The current scores were presented to the par-
ticipants on another laptop PC display. Participants were also videotaped
during the task and informed that body language experts had assessed
their nonverbal behavior. A mirror was placed approximately 0.5 m in
front of them to allow them to see their own reflection from the shoulder
up.
2.4. Nonstress placebo task

A nonstress placebo task was designed to be as similar as possible to
the stress task but without its effective components (i.e., high cognitive
load, error feedback with aversive noise, and social evaluation). The
participants were presented with the same number sequence at the same
intervals on the same laptop as the stress task. However, in contrast to the
stress task and to remove its effective components, the participants were
asked to speak aloud each number being displayed on the monitor rather
than the sum of the number and its previous number. No aversive noise
was presented after participants’ response, and the participants were not
placed in the context of peer competition and behavioral assessment.
There were no video cameras and mirrors set up for this group.
2.5. Procedure

Figure 1 presents the overview of the procedure. Initially, participants
rinsed their mouth with water and were asked to remain seated in a quiet
room for 30 min during which they completed the self-reported ques-
tionnaires. Immediately after the rest period (T0), their BP was
measured, saliva samples were taken, and they were asked to complete
the PANAS. Thereafter, they were administered the stress task or the
nonstress placebo task for approximately 15 min. This was followed by a
40-min rest period during which their BP was measured again, saliva
samples were taken, and they were asked to complete the PANAS at
þ0 (T1), þ15 (T2), þ30 (T3), and þ40 (T4) after the offset of the task.
Finally, they were debriefed about the experiment.
Figure 1. Overview of the experimental procedure. Arrows indicate timing of blood
of the positive and negative affect schedule (PANAS).
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2.6. Statistical analyses

The participants' background and psychological variables were
compared between the groups using unpaired t-tests with Welch's
correction, Mann–Whitney's U tests, or a Fisher's exact test. The cortisol
and sAA values were log-transformed to reduce the skewness. To test the
group differences in cortisol, sAA, and BP values and the PANAS scores,
the three-way mixed-design analyses of variance (ANOVA) with group
(IA and non-IA) and stress (stress and placebo) as between factors and
time (T0, T1, T2, T3, and T4) as within factors were conducted. With the
violation of the assumption of sphericity, Greenhouse–Geisser proced-
ures were applied to correct the results. In case of a significant interac-
tion, the analyses were followed by post-hoc pairwise comparisons using
the Holm method. Partial correlation analyses were used to quantify
associations between IAT scores and cortisol levels at T1, T2, T3, and T4
controlling for cortisol levels at T0 in the stress condition. We also re-
ported partial eta squared (ηp2) as the effect size, and all the probability
values were two-tailed and at a 5% level of significance. Due to the
exploratory nature of this study, no adjustments for multiple testing were
applied. HAD (version 17.202; Shimizu, 2016) was used for the analyses.

3. Results

3.1. Group characteristics

After the classification on the basis of the IAT scores, 10 participants
in the IA group and 28 participants in the non-IA group were placed on
stress condition and 10 participants in the IA group and 28 participants in
the non-IA group were placed on nonstress placebo condition. Table 1
presents the means and SDs of participant background and psychological
variables for stress and placebo conditions in the IA and non-IA groups.
The IA group had higher IAT, CES-D, STAI-T, and PSS scores. There were
no differences in age, sex, BMI, number of days after menstruation, and
the amount and frequency of alcohol drinking and smoking between the
groups.

3.2. Positive and negative affects

Mixed-design ANOVA for PANAS-N scores revealed that main effects
of stress (F (1,72) ¼ 5.83, p¼ 0.018, ηp2 ¼ 0.08), time (F (4,288) ¼ 33.91,
p < 0.001, ηp2 ¼ 0.32) and stress � time interaction were significant (F
(4,288)¼ 27.72, p< 0.001, ηp2¼ 0.28; Figure 2) but no other main effects
or interactions reached significant (ps > 0.053). In the stress condition,
the simple main effect of time was significant (F (4,296) ¼ 82.53, p <

0.001, ηp2 ¼ 0.69) but not in the placebo condition (F (4,296) ¼ 1.78, p ¼
0.157, ηp

2 ¼ 0.04). Post-hoc comparisons indicated that under stress
condition, PANAS-N scores at T1 were higher than those at T0 (t (74) ¼
10.44, p< 0.001), T2 (t (74)¼ 11.18, p< 0.001), T3 (t (74)¼ 11.00, p <
0.001), and T4 (t (74)¼ 12.56, p< 0.001), and the PANAS-N scores at T4
were lower than those at T2 (t (74) ¼ 2.89, p ¼ 0.025) and T3 (t (74) ¼
5.02, p < 0.001).

Mixed-design ANOVA for PANAS-P scores revealed that a main effect
of time (F (4,288) ¼ 12.05, p < 0.001, ηp2 ¼ 0.14) and stress � time
interaction were significant (F (4,288) ¼ 3.40, p ¼ 0.022, ηp2 ¼ 0.05;
Figure 2) but no other main effects or interactions reached significant (ps
> 0.109). In the stress condition, the simple main effect of time was
pressure measurement, saliva sampling, and completion of the Japanese version



Table 1. Means and standard deviations of the participant background variables for the Internet addiction and non-Internet addiction groups.

IA Non-IA Group differences IA (total)
versus non-IA (total)

Total (n ¼ 20) Stress (n ¼ 10) Placebo (n ¼ 10) Total (n ¼ 56) Stress (n ¼ 28) Placebo (n ¼ 28)

Age (years), M(SD) 21.2 (4.4) 19.7 (1.3) 22.6 (5.9) 22.9 (4.8) 23.1 (5.2) 22.6 (4.6) t (36.3) ¼ 1.44, p ¼ 0.16

Sex (males/females) 5/15 3/7 2/8 20/36 10/18 10/18 p ¼ 0.42

BMI (kg/m2), M(SD) 21.3 (3.5) 21.4 (2.9) 21.3 (4.2) 22.1 (2.8) 22.0 (2.4) 22.1 (3.2) t (24.6) ¼ 0.85, p ¼ 0.41

Days after menstruation, M(SD) 21.3 (12.0) 23.8 (13.2) 18.8 (11.3) 18.2 (11.8) 17.9 (13.4) 18.6 (10.3) t (19.2) ¼ 0.77, p ¼ 0.45

Drinking frequency (days/week) U (1) ¼ 531.0, p ¼ 0.62

>4 0 0 0 0 0 0

3–4 0 0 0 2 1 1

1–2 3 2 1 9 6 3

<1 17 8 9 45 21 24

Drinking quantity per drinking day (units/day) U (1) ¼ 558.0, p ¼ 0.98

>6 1 0 1 3 2 1

5–6 1 1 0 8 3 5

3–4 7 3 4 12 4 8

<3 11 6 5 33 19 14

Smoking frequency (days/week) U (1) ¼ 570.0, p ¼ 0.53

>4 0 0 0 1 1 0

3–4 0 0 0 0 0 0

1–2 0 0 0 0 0 0

<1 20 10 10 55 27 28

Cigaretts per day, M(SD) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.1 (0.5) 0.1 (0.8) 0.0 (0.0) t (55.0) ¼ 1.00, p ¼ 0.32

IAT score, M(SD) 61.5 (10.2) 64.4 (12.7) 58.5 (6.1) 35.2 (7.1) 33.7 (6.6) 36.6 (7.4) t (26.0) ¼ 10.67, p < 0.01

CES-D score, M(SD) 20.7 (10.3) 16.5 (8.8) 24.9 (10.5) 11.9 (7.4) 13.0 (8.6) 10.9 (5.9) t (26.2) ¼ 3.49, p < 0.01

STAI-T score, M(SD) 54.6 (11.1) 53.3 (10.7) 55.8 (11.9) 43.3 (9.9) 44.2 (10.4) 42.5 (9.5) t (30.5) ¼ 4.00, p < 0.01

PSS score, M(SD) 31.4 (9.5) 27.9 (8.7) 34.8 (9.5) 22.3 (8.3) 23.0 (7.9) 21.6 (8.8) t (30.0) ¼ 3.75, p < 0.01

IA: Internet addiction, IAT: the Japanese version of the internet addiction test, CES-D: the Japanese version of the Center for Epidemiologic Studies—Depression Scale,
STAI-T: the Japanese version of the Spielberger State Trait Anxiety Inventory—Trait Form, PSS: the Japanese version of the Perceived Stress Scale.
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significant (F (4,296) ¼ 15.66, p < 0.001, ηp2 ¼ 0.30) but not in the
placebo condition (F (4,296) ¼ 2.58, p ¼ 0.059, ηp2 ¼ 0.06). Post-hoc
comparisons indicated that under stress conditions, PANAS-P scores at
T1 were higher than those at T0 (t (74) ¼ 5.16, p < 0.001), T2 (t (74) ¼
4.36, p< 0.001), T3 (t (74)¼ 6.62, p< 0.001), and T4 (t (74)¼ 4.40, p<
0.001).

3.3. HPA axis and SNS responses

Mixed-design ANOVA for cortisol values revealed that the group �
stress � time interaction was significant (F (4,288) ¼ 3.16, p ¼ 0.036, ηp2

¼ 0.04; Figure 3) but no other main effects or interactions reached sig-
nificant (ps > 0.104). Simple interaction analyses revealed that the stress
� time interaction in the non-IA group was significant (F (4,288) ¼ 6.12,
p¼ 0.001, ηp2¼ 0.10) but not in the IA group (F (4,288)¼ 0.61, p¼ 0.570,
ηp
2¼ 0.03). In the former, the main effect of time in the stress condition (F
(4,288) ¼ 7.49, p < 0.001, ηp2 ¼ 0.22) and of stress at T2 (F (1,360) ¼
4.15, p ¼ 0.042, ηp2 ¼ 0.07) were significant, but no other main effects or
interactions were not (ps > 0.096). Post-hoc comparisons indicated that
among the non-IA groups in the stress condition, the cortisol values at T2
were higher than those at T0 (t (72)¼ 3.69, p¼ 0.003), T1 (t (72)¼ 4.12,
p¼ 0.001), and T4 (t (72)¼ 3.72, p¼ 0.003), and those at T3 were higher
than those at T0 (t (72)¼ 2.78, p ¼ 0.035), T1 (t (72) ¼ 2.86, p¼ 0.033),
and T4 (t (72) ¼ 3.42, p ¼ 0.007).

Additional partial correlation analyses revealed that in the stress
condition, IAT scores were negatively correlated with cortisol levels at T2
(r ¼ �0.34, p ¼ 0.035) and T3 (r ¼ �0.33, p ¼ 0.049), controlling for
levels at T0. Partial correlation coefficients were not significant between
IAT scores and cortisol levels at T1 and T4 (ps > 0.101).

Mixed-design ANOVA for sAA values revealed that the stress � time
interaction was significant (F (4,288) ¼ 3.21, p ¼ 0.018, ηp2 ¼ 0.04;
Figure 4) but no other main effects or interactions reached significant (ps
> 0.089). In the stress condition, the simple main effect of time was
4

significant (F (4,296)¼ 5.59, p¼ 0.001, ηp2¼ 0.13) but not in the placebo
condition (F (4,296)¼ 1.02, p¼ 0.390, ηp2 ¼ 0.03). Post-hoc comparisons
indicated that in the stress condition, the sAA values at T1 were higher
than those at T0 (t (74) ¼ 3.30, p ¼ 0.013) and T4 (t (74) ¼ 4.04, p ¼
0.001).

Mixed-design ANOVA for SBP values revealed that the main effect of
time (F (4,288) ¼ 5.74, p < 0.001, ηp2 ¼ 0.07) and a stress � time
interaction were significant (F (4,288) ¼ 3.78, p ¼ 0.007, ηp2 ¼ 0.05;
Figure 5) but no other main effects or interactions reached significant (ps
> 0.496). In the stress condition, the simple main effect of time was
significant (F (4,296) ¼ 13.59, p < 0.001, ηp2 ¼ 0.27) but not in the
placebo condition (F (4,296) ¼ 0.73, p ¼ 0.560, ηp2 ¼ 0.02). Post-hoc
comparisons indicated that in the stress condition, the SBP values at T1
were higher than those at T0 (t (74)¼ 7.38, p< 0.001), T2 (t (74)¼ 4.08,
p ¼ 0.001), T3 (t (74) ¼ 5.26, p < 0.001), and T4 (t (74) ¼ 4.80, p <

0.001) and that the SBP values at T2 were higher than those at T0 (t (74)
¼ 2.99, p ¼ 0.022).

Mixed-design ANOVA for DBP values revealed that the main effect of
time was significant (F (4,288)¼ 6.09, p< 0.001, ηp2¼ 0.08; Figure 5) but
no other main effects or interactions reached significant (ps > 0.429).
Post-hoc comparisons indicated that the DBP values at T0 was lower than
those at T1 (t (72) ¼ 4.26, p ¼ 0.001), T2 (t (72) ¼ 4.85, p < 0.001), and
T4 (t (72) ¼ 3.13, p ¼ 0.020).

4. Discussion

The study examined the HPA axis and SNS stress responses in IA.
Individuals with IA have been hypothesized to show blunted HPA axis
(i.e., cortisol) and SNS (i.e., sAA and BP) responses. In support of our
hypotheses, the results revealed that individuals with IA had blunted
cortisol responses. Inconsistent with our hypotheses, no differences were
found in the sAA and BP values between the IA and non-IA groups. To the
best of our knowledge, this is the first study that demonstrates that IA is



Figure 2. Positive and negative affective
schedule score means for the Internet addiction
and non-Internet addiction groups under stress
and nonstress placebo conditions at five sampling
points. (A) Negative affect subscale scores under
stress condition. (B) Negative affect subscale
scores under nonstress placebo condition. (C)
Positive affect subscale scores under stress con-
dition. (D) Negative affect subscale scores under
nonstress placebo condition. Error bars indicate
SEM. IA: Internet addiction, PANAS-N: negative
affect subscale of the Japanese version of the
positive and negative affect schedule, PANAS-P:
positive affect subscale of the Japanese version
of the positive and negative affect schedule. Sta-
tistical significance as revealed by three-way
mixed-design ANOVA.
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linked to blunted cortisol responses to acute stressors. These results
suggest that IA may be characterized by blunted cortisol responses in
acute stress settings.

The results demonstrated that depression, trait anxiety, and perceived
stress are higher in IA, supporting prior studies (e.g., Alpaslan et al.,
2016; Prizant-Passal et al., 2016). Additionally, negative affect acutely
increased in response to the stressful task, supporting the validity of the
stress task used in this study. However, the study did not find any dif-
ferences in affective responses between the IA and non-IA groups. Despite
robust findings of higher depression and trait anxiety in addiction, mixed
results have been obtained regarding acute affective response. Prior
studies employing acute stress tasks reported that addiction was associ-
ated with more angry responses (e.g., Back et al., 2015; Romero-Martínez
5

et al., 2019; Steinberg et al., 2011) but a normal level of general negative
affect (e.g., Back et al., 2008; Ginty et al., 2012; Panknin et al., 2002).
Also, IA is reportedly associated with an aggressive personality type
(Gervasi et al., 2017) and a preference for violent digital games (Karaca
et al., 2021). Therefore, the inconsistency between this and previous
studies might be partly attributable to different affect types assessed
between studies.

The current results of blunted cortisol response in IA are consistent
with the accumulated evidence that addiction displayed blunted cortisol
response. The results revealed extended blunted cortisol responses
similar to those previously found in IGD and other IA addictions, further
supporting the relationship between addiction and blunted cortisol
response. Bibbey et al. (2015) reported that IA was associated with a



Figure 3. Means of the salivary cortisol levels in μg/dL for the Internet addiction and non-Internet addiction groups under stress and nonstress placebo conditions at
five sampling points (untransformed raw data). (A) Salivary cortisol levels under stress condition. (B) Salivary cortisol levels under nonstress placebo condition. Error
bars indicate SEM. IA: Internet addiction. Statistical significance as revealed by three-way mixed-design ANOVA.

Figure 4. Means of the salivary alpha-amylase levels in U/mL for the Internet addiction and non-Internet addiction groups under stress and nonstress placebo
conditions at five sampling points (untransformed raw data). (A) Salivary alpha-amylase levels under stress condition. (B) Salivary alpha-amylase levels under
nonstress placebo condition. Error bars indicate SEM. IA: Internet addiction. Statistical significance as revealed by three-way mixed-design ANOVA.
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normal cortisol response to a stressor. However, all the participants in
their study, including those without IA, had lower cortisol responses,
which might have caused difficulties in detecting differential respon-
sivity. Moreover, the present study did not detect significant cortisol
increase in IA, whereas Kaess et al. (2017) reported a slow but an
increased cortisol response in IGD. This difference in cortisol responsivity
might be due to the participants' sex ratio. All the participants in Kaess
et al. (2017) were males, whereas a high ratio of females participated in
6

the present study. It has been reported that males show higher cortisol
response to a stressor than females (Liu et al., 2017). Another reason for
the different results could be the different tasks used for stress induction
between the two studies. Kaess et al. (2017) used the Trier social
stress test (TSST), a standardized psychosocial stress task used for stress
induction to evaluate neuroendocrine and cardiovascular stress re-
sponses. Therefore, the TSST might have elicited a more robust cortisol
response.



Figure 5. Means of the systolic and diastolic
blood pressure in mmHg for the Internet addic-
tion and non-Internet addiction groups under
stress and nonstress placebo conditions at five
sampling points. (A) Systolic blood pressure
under stress condition. (B) Systolic blood pres-
sure under nonstress placebo condition. (C) Dia-
stolic blood pressure under stress condition. (D)
Diastolic blood pressure under nonstress placebo
condition. Error bars indicate SEM. IA: Internet
addiction, SBP: systolic blood pressure, DBP:
diastolic blood pressure. Statistical significance as
revealed by three-way mixed-design ANOVA.
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The results of this study could imply that IA has a common vulnera-
bility to stress with other addictions. Cortisol promotes carbohydrate,
protein, lipid metabolization, immunosuppression, and anti-
inflammatory effects. Therefore, cortisol secretion deficiency might
inhibit these functions of cortisol during stressful experiences. It has been
suggested that blunted cortisol responses reflect a suboptimal brain
functioning in terms of motivational, endocrinal, and autonomic control
regulation (Carroll et al., 2017). Neuroimaging studies in line with this
suggestion have reported the hypoactivation of frontal and subcortical
limbic regions associated with these functions in individuals with ad-
dictions and related conditions (Stice, 2008; Yang et al., 2015). In
contrast, it has also been suggested that a blunted cortisol response might
mitigate tissue damage caused by excessive cortisol exposure from
7

chronic stress (Raffington et al., 2018). Thus, blunted cortisol might also
have adaptive functions in addiction during prolonged stress.

The current results of normal SNS stress responses in IA are incon-
sistent with the prior findings of blunted SNS stress responses in in-
dividuals with addiction. Nonetheless, in contrast to the more robust
results of blunted SNS responses in substance addiction, relatively
inconsistent results of SNS stress responses were obtained in behavioral
addiction; many studies have reported blunted SNS stress responses
whereas some have reported normal responses (Maniaci et al., 2018).
These mixed results may be, at least in part, due to the differences in ANS
indexes used in the studies. Some prior studies usedmultiple ANS indexes
and reported blunted heart rate (HR) and normal BP responses in
addiction. For instance, individuals with gambling disorders show
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blunted HR and normal BP stress responses (Ginty et al., 2014; Heaney
et al., 2011). A similar pattern of SNS stress response was also reported in
alcoholism (Panknin et al., 2002; Sinha et al., 2009; Starcke et al., 2013).
This differential sensitivity may be possible because HR change is
dependent on SNS and parasympathetic nervous system activities,
whereas BP change reflects SNS activities and blood vessel resistance
(Armario et al., 2020). Moreover, as the indexes of SNS activities have
differential sensitivity to stressor intensity (Armario et al., 2020) and
coping used to address stress tasks (Florence et al., 2018; Obrist et al.,
1978), they may have impacted the results.

This study has several limitations. First, the cross-sectional design of
the study prevents us from proving a clear causal relationship. Second,
because few studies have examined HPA and SNS stress responses in IA,
the study was an explorative measure of a variety of factors (i.e., cortisol,
alpha-amylase, and systolic and diastolic blood pressure). Furthermore,
the lack of an a-priori sample size calculation could have led to a small
sample size of individuals with IA. Thus, the present results should be
considered preliminary, and future studies should test the replicability of
the results, factoring in multiplicity adjustment and sample size calcu-
lation in advance. Third, the small sample size precludes an examination
of sex difference in stress responses. Considering that sex was reported to
modulate cortisol stress responses, this must be elucidated in future
studies. Fourth, given that trait anxiety (e.g., Jezova et al., 2004) is
reportedly related to a blunted cortisol response, this confounding factor
could cause overestimating the relationship between IA and the blunted
cortisol response. Future studies should test the independent contribu-
tion of IA to the blunted cortisol response.

In conclusion, this study suggests that IA is associated with a blunted
cortisol response to a stressor, but further validation is needed. The re-
sults are consistent with prior findings in individuals with IGD and other
addictions. This study implies that the stress system dysfunction for IA
and other addictions are similar. Future studies should examine how
these dysfunctional stress responses contribute to the development and
relapse of IA.
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