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Still in there—citizens’
well-being and PTSD after Seoul
Halloween crowd crush in Korea:
a cross-sectional study

Yun-Jung Choi & Hae-In Namgung ®**

The October 29, 2022, Seoul Halloween Crowd Crush (SHCC) caused the loss of 159 lives, making it
the deadliest global mass-gathering disaster between 2018 and 2022. Despite the fact that years have
passed since the incident, there remains a significant gap in research addressing the mental health of
citizens to evaluate their recovery progress. Therefore, in this study, a survey was conducted to assess
citizens’ anxiety, depression, post-traumatic stress disorder (PTSD), and well-being after the SHCC.
The data were analyzed using t-tests, analysis of variance (ANOVA), correlations, a Kruskal-Wallis
test, and post hoc tests. The citizens’ well-being differed significantly by victimization status, with
direct victims showing languishing well-being (p=.036). PTSD severity level was higher in victims

and direct witnesses (p <.001). Victims and direct witnesses exhibited worse outcomes in subjective,
social, and psychological well-being as well as in PTSD (p <.001). Well-being exhibited a significant
negative correlation with PTSD (r= -.247, p<.001). The results of the analysis suggest the SHCC's
psychological impact has endured not only for victims and direct witnesses but also for media-exposed
citizens. Offering continuous psychological support and fostering positive self-perceptions and social
interactions are crucial for their recovery and well-being enhancement.
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On October 29, 2022, a catastrophic incident known as the Seoul Halloween Crowd Crush (SHCC) occurred
in Itaewon, a commercial district located in the heart of Seoul, South Korea’s capital city. This tragic episode
resulted in the loss of 159 precious lives, the highest death toll of any global mass-gathering disaster between the
years 2018 and 202212, Regrettably, this tragedy was indiscriminately broadcast with unfiltered content through
social network services (SNSs)®. Moreover, the tragedy was politicized, shifting the blame to “the individuals
who were present” rather than the deficiencies in the social safety net, thereby making the victims and survivors
targets of abuse and slander®. In this atmosphere, the tragedy became traumatizing for both survivors and those
who experienced it indirectly.

Notably, human-caused disasters such as the SHCC are associated with greater psychological distress than
natural disasters>®. Such disasters can impair mental health, for example, by increasing levels of stress, substance
abuse, anxiety, and depression and even developing into post-traumatic stress disorder (PTSD)>”®. Moreover,
the primary model of PTSD involves memory processing and biological brain changes triggered by threats to
oness life or well-being’. Therefore, a comprehensive understanding of an individual’s well-being is crucial for
addressing the psychological aftermath of such disasters.

Well-being is a multifaceted concept applied in various fields to depict a state of health and happiness, includ-
ing positive emotions (e.g., contentment, joy), negative emotions (e.g., depression, anxiety), satisfaction with
life, fulfillment, and positive functioning'®!!, and it can be categorized into subjective, psychological, and social
well-being'>'%. Subjective well-being refers to positive emotions and life satisfaction. Psychological well-being
is characterized by high levels of self-acceptance, positive relationships with others, personal growth, purpose
in life, environmental mastery, and individual autonomy**. Finally, social well-being refers to one’s assessment
of the functioning of the society in which they are embedded'?.

In addition, mental health can be distinguished in terms of its presence or absence!>!*. Regarding the former,
flourishing is defined as the presence of mental health and a state in which an individual feels positive about life
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and functions well psychologically and socially, while languishing represents the opposite condition. Flourishing
refers to well-being, goes beyond recovery to indicate an individual’s return to their baseline psychological state,
and is an important concept related to psychological resilience'*. Because the SHCC was framed as an accident
that occurred with partygoers and was caused by an individual’s carelessness, the survivors’ interpersonal rela-
tionships and emotions were likely affected. Therefore, understanding their subjective, psychological, and social
well-being following the SHCC is crucial for their mental health recovery.

According to the DSM-5'¢ diagnostic criteria, a person can develop PTSD after experiencing or being exposed
to a traumatic event that involves actual or threatened death, serious injury, or harm. This can include directly
experiencing the event, witnessing it in person, or learning that it happened to a close friend or family member"’.
PTSD is strongly associated with negative emotions such as anxiety, depression, and loss'®!°. Symptoms usu-
ally appear within 3 months of the traumatic event, but for some people, it may take years?, and it can have a
significant impact on an individual’s life. Therefore, early intervention is critical. The SHCC was a catastrophic
human-caused disaster without warning, and the escalating death toll and the indiscriminate dissemination of
the scene through the media traumatized not only those who were present but also those who experienced it
indirectly. Therefore, it is necessary to identify PTSD in the citizens who were exposed to the tragedy.

Furthermore, understanding the mental health recovery stages post-disaster is imperative. PTSD can have
an acute onset within 6 months of a traumatic experience, and around a quarter of individuals may experience
delayed PTSD onset more than 6 months after the traumatic event*?2. Moreover, by the 12-month mark, trauma
anniversary reactions may occur, leading to the temporary intensification of the trauma®-?. Despite the fact
that years have passed since the SHCC, there remains a significant gap in research addressing the mental health
of citizens to evaluate their recovery progress. Although well-being is crucial, research on post-disaster mental
health has primarily focused on PTSD, anxiety, and depression.

Purpose
The purpose of this study is to evaluate mental health, especially in terms of well-being and SHCC-related PTSD,
among South Korean citizens after the SHCC.

Method

Participants

The cross-sectional study comprised participants aged 19-69 years from South Korea who voluntarily agreed
to participate and demonstrated an understanding of the purpose and procedures. To ensure a representative
sample of mental health among citizens, all those who expressed a willingness to participate in the survey were
included, resulting in a total of 1017 participants.

Measures

(a) General characteristics

General characteristics were defined as characteristics related to trauma, including gender, age, alcohol consump-
tion, and SHCC victim/witness status. Traumatic experiences can lead to a loss of control of alcohol consumption,
that is, dysregulated drinking®®. Moreover, media (indirect) exposure to trauma is associated with several adverse
effects such as PTSD, depression, and anxiety?”?. This study also included a question about the respondents’
awareness of the SHCC to ensure that all respondents had been exposed to it either directly or indirectly. There-
fore, the items indicating whether the respondent had been a witness to the SHCC were separated into two
categories representing “direct” and “indirect” witnesses.

(b) Well-being

The Korean version of the Mental Health Continuum Short Form (K-MHC-SF)***° was used. The survey consists
of 14 items rated on a 6-point Likert scale from “Never” (0) to “Every day” (5) that measure subjective, social,
and psychological well-being. Scores range from 0 to 70, with higher scores indicating higher levels of mental
well-being. The MHC tool categorizes well-being based on selected items rather than using cut-off scores to
differentiate the severity of mental health. These categories—flourishing, moderately mentally healthy, and lan-
guishing—were utilized in the present study.

Flourishing is characterized by high ratings on at least one of the three subjective well-being items and high
ratings on at least six psychological and social well-being items, while languishing is characterized by low ratings
on at least one of the subjective well-being items and low ratings on at least six psychological and social well-
being items. Scores falling outside of these criteria indicate that the respondent is moderately mentally healthy.
In a previous study, the reliability for the total was indicated by a Cronbach’s alpha value of 0.93, with subscale
reliabilities of 0.88 for subjective, 0.90 for social, and 0.81 for psychological #. In the present study, the overall
reliability was indicated by a Cronbach’s alpha value of 0.95, with subscale reliabilities of 0.93 for subjective, 0.87
for social, and 0.93 for psychological.

(c) PTSD

The Korean version of the Impact of Event Scale-Revised (IES-R-K)*"*?> was used. The scale comprises 22 ques-
tions rated on a 5-point Likert scale from “Not at all” (0) to “Very much” (4) to assess PTSD symptoms over the
past week. The total score range is 0-88, with higher scores indicating higher PTSD severity. The scale consists
of four subscales: hyperarousal, avoidance, intrusion, and sleep disturbances & numbness. Scores up to 17 are
considered normal, 18-24 are considered low-risk, and 25 and above are considered high-risk. The Cronbach’s
alpha values were 0.93 in a previous study’! and 0.96 in this study.
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(d) Anxiety

The Korean version of the Generalized Anxiety Disorder 7 (K-GAD-7)**** was used. This scale includes seven
items rated on a 4-point Likert scale from “Not at all” (0) to “Nearly every day” (3) with a score range of 0-21.
Scores of 0-4 are categorized as normal, while scores of 5-9, 10-14, and 15-21 are categorized as mild, moderate,
and severe anxiety, respectively. The reliability was indicated by Cronbach’s alpha values of 0.91** in a previous
study and 0.93 in the present study.

(e) Depression

The Patient Health Questionnaire-9 (PHQ-9) scale®>* was used. The scale comprises nine items rated on a
4-point Likert scale from “Not at all” (0) to “Nearly every day” (3) with a total score range of 0-27 points. Scores
of 0-4 are considered normal, while scores of 5-9, 10-19, and 20-27 are considered to reflect mild, moderate,
and severe depression, respectively. The reliability of the scale was indicated by Cronbach’s alpha values of 0.81
in a previous study® and 0.92 in this study.

Data collection
An online survey was conducted for five days, from July 28 to August 1, 2023, through a survey company (Korea
Research Co.). The survey took approximately 15 min to complete.

Data analysis

Data analysis was performed using SPSS Statistics for Mac, version 29.0.2.0. Effect sizes were measured using
Cohen’s d, which was calculated using the R programming language (version 4.4.1; R Core Team, 2024). Gen-
era] characteristics and mental health variables were analyzed using mean and standard deviation, independent
t-tests, and analysis of variance (ANOVA). Tukey’s HSD (honestly significant difference) test was used as a post
hoc test. Normality was assessed using the Shapiro-Wilk test. However, differences between victims were ana-
lyzed using the Kruskal-Wallis test, and post hoc tests were performed using the Mann-Whitney U test. Pearson’s
correlation was used to analyze the correlation among well-being, PTSD, anxiety, and depression. Differences in
total and subscale scores for well-being and PTSD between victims and witnesses were tested using independent
t-tests. Cronbach’s alpha values determined the reliability of all scales.

Bias

The question "Do you understand that this survey is specifically about the Seoul Halloween crowd crush?" was
asked to ensure that the survey was focused on SHCC-related trauma and, therefore, free from any external bias
that may have arisen from another trauma event. This question helped to gather accurate and reliable data to
better understand the impact of the SHCC.

Results

General characteristics and mental health variables

Significant differences in well-being were found by gender (p <0.001) (Table 1). By age, those aged 40-59 years
had significantly higher PTSD scores than those aged 19-29 years (p =0.003). Regarding alcohol, the group that
increased their consumption had the lowest well-being scores and significantly higher PTSD, anxiety, and depres-
sion scores (p <0.001). There were no significant differences in mental health in terms of general characteristics
variables between direct and indirect victims (e.g., those whose family members, relatives, or acquaintances were
victimized). Still, both groups had significantly higher PTSD, anxiety, and depression (p <0.001) and lower well-
being (p=0.007) scores than non-victims. Regarding SHCC witnesses, those who witnessed it firsthand (directly)
had significantly lower well-being scores (p=0.003) and higher PTSD, anxiety, and depression (p <0.001) scores
than those who only heard about it through the media (indirectly).

Differences in well-being status and PTSD severity according to victim/witness status

In the following analyses, direct and indirect victims were both considered victims (Yes). PTSD severity was
significantly associated with both being a victim and being a witness, being high in victims and direct witnesses
(p<0.001) (Fig.1). Moreover, among victims, 81.5% were at high risk for PTSD, while 4.6% scored normal. Con-
versely, among non-victims, 59.7% scored normal, while 28.5% were still at high risk for PTSD. Among direct
witnesses who experienced the crush firsthand, 91.7% were at high risk for PTSD. In contrast, those who had
indirectly witnessed the crush via the media had the highest proportion of normal scores at 56.7%. However,
similar to non-victims, 31.1% of indirect witnesses were also at high risk for PTSD. Victims exhibited significantly
poorer well-being status than non-victims, indicating that well-being status differed significantly depending
on whether the respondent was a victim or non-victim (p=0.036) (Fig.1). In the victim category, 50.8% were
categorized as languishing and only 4.6% as flourishing. For non-victims, 39.0% were categorized as languishing
and 14.8% as flourishing, the latter proportion being nearly three times higher than that for victims. There was
no significant difference in well-being between direct and indirect witnesses (p=0.062).

Differences in well-being subfactors and PTSD according to victim/witness status

Victims and direct witnesses exhibited worse outcomes in all items of well-being and its subfactors (subjective,
social, and psychological) (p <0.001) (Table 2). Specifically, direct witnesses scored 7.33 +4.09 in psychological
well-being, while indirect witnesses scored 13.14 + 6.79, indicating nearly a twofold difference. Both victims and
direct witnesses showed significantly higher PTSD and PTSD subfactor (hyperarousal, avoidance, intrusion, and
sleep disturbances & numbness) scores than indirect witnesses (p <0.001). Direct witnesses had a mean PTSD
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Male 518 | 29.61+14.69 18.94+17.83 445+4.67 | _ 5164556 | _
Gender SR 0209 Olay | 00s7 LS8 0,093 | 0064
Female 499 | 26.63+13.73 | (<.001) 17.96+16.19 | (181) 4.88+4.48 | (137) 5514532 | (302)
19-29° 186 | 29.53+13.86 14.47+17.53 4.35+4.40 4.64+4.67
30-39 176 | 27.89+14.51 17.61+18.56 5.03+4.94 5.59+6.04
Age 40-49° 214 | 26.05+14.48 | 200 N/A 19.32+16.62 ?8(?3?) 0382 7y g6+4.50 | 20 N/A 5.66+5.80 | 2049 N/A
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50-59¢ 237 | 28.05+14.08 20.86+16.06 | = 4.89+4.56 5.84+533
60-69° 204 | 29.41+14.42 19.14+16.23 435+4.56 4.80+5.24
Alcohol | Decreased® | 150 | 28241446 | o b5 21381733 | o . 5274465 | 500 oo 539500 | oo .
con- No change® | 755 | 29.04+14.19 | (<.001) |7 15.56+0.56 | (<.001) |- 4.11%439 | (<.001) |- 4.78+5.14 | (<.001) |-
sumption ab>c (b) a>c>b (@b) c>a>b (@c) c>ab (@c)
Increased® | 112 |21.97+13.40 |~ 17.85+1.68 7.54+4.65 8.98+6.52 >
Direct 10 ] 1850+733 | o &7;))0 4040£13.64 | ) ool (154(:5)1 890450 | . L0 0 13.30£7.08 | ) oo L0
Victim* | Indirect” |55 | 23.78:12.66 | (007) | ' 396221545 | (<.001) | [y | 8934464 | (<.001) | oy )| 9932589 | (<.001) | gy 4
No¢ 952 | 28501437 | | (bo) 7o1x1618 |27 | (o)  [437t44s |07C 4981522 | *0>¢
Direct 12 |16.50+28.29 42.33+13.31 9.08+4.12 13.17+6.42
Witness* o8l 1263136 S BELD (ee oz Sy 1339
Media 1005 | 28.29+14.30 | (:003) 18.17+16.88 | (<.001) 461457 | (<.001) 5.24+537 | (<.001)
Table 1. General characteristics and mental health. *The Kruskal-Wallis test was used to analyze the victim
group, and the Mann-Whitney U test was used for the post hoc test. The Shapiro-Wilk test was used to
confirm normality for the witness group. d= Cohen’s d. Range of severity: PTSD—normal (0-17), low risk (18-
24), high risk (25-88). Anxiety—normal (0-4), mild (5-9), moderate (10-14), severe (15-21). Depression—
normal (0-4), mild (5-9), moderate (10-19), severe (20-27).
VICTIM n (%) WITNESS n (%)
PTSD WELL-BEING PTSD WELL-BEING
Flourishi ishi
mHigh risk mRisk = Normal . Mo:;n: t":g-m ntally health mHigh risk mRisk = Normal Flourishing
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2 2 2 2
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Fig. 1. Differences in well-being status and PTSD severity according to victim/witness.
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(N=1017)
Psychological well-being
Variables Well-being r(p) | Subjective well-being r(p) | Social well-being r(p) | r(p) PTSD r(p) Anxiety r(p) | Depression r(p)
Well-being 1
Subjective well-being .844 (<.001) 1
Social well-being 1928 (<.001) .702 (<.001) 1
Psychological well-being .952 (<.001) .726 (<.001) .814 (<.001) 1
PTSD — 247 (<.001) | —.294 (<.001) —.190 (<.001) — 225 (<.001) 1
Ancxiety ~.385(<.001) | —.397 (<.001) — 321 (<.001) — 359 (<.001) 596 (<.001) | 1
Depression —.451 (<.001) —.489 (<.001) —-.369 (<.001) —-.413 (<.001) 592 (<.001) | .822(<.001) 1

Table 3. Correlations among well-being, PTSD, anxiety, depression.

score of 42.33 +13.31, more than twice that of non-victims and indirect witnesses. Hyperarousal and avoidance
showed especially high scores among victims and direct witnesses (p <0.001).

Correlations among well-being, PTSD, anxiety, and depression

Well-being exhibited significant negative correlations with PTSD, anxiety, and depression, showing medium effect
sizes for anxiety and depression (r= —0.451 to —0.247, p <0.001) (Table 3). PTSD showed positive correlations
with anxiety and depression, with large effect sizes (r=0.592100.596, p <0.001).

When well-being was examined according to its subfactors, subjective, social, and psychological well-being
were significantly negatively correlated with PTSD, anxiety, and depression (r= —0.489 to —0.190, p <0.001).
All subfactors showed medium effect sizes for depression (r= —0.489 to —0.369), whereas social well-being
exhibited a small effect size for PTSD (r= —0.190).

Discussion
The present study examined the mental health of South Korean citizens who experienced the SHCC on October
29, 2022, focusing on well-being and PTSD. The SHCC left 159 victims, many of whom witnessed it with their
own eyes. The lamentations of victims and witnesses have largely been suppressed’’. Moreover, based on the
present research’s results, it is evident that they have not yet recovered mentally. The findings suggest four points
of discussion.

First, the mental health differences by the general characteristics of alcohol consumption and age revealed the
unique features of the SHCC. In particular, alcohol consumption was associated with significantly lower well-
being and higher anxiety and depression. Traumatized people tend to experience impairment in terms of alcohol
use that may lead to alcohol use disorder®*®. In the present study, however, PTSD scores were significantly higher
for individuals who consumed less alcohol. This result may be due to the specific context of the SHCC: when the
crush occurred, terms such as “party;” “drink,” and “drugs” were emphasized. The 2022 Halloween event was the
first in 3 years following the COVID-19 suspension. However, from 2018 to 2022, drug offenses among Koreans
in their 30s increased by 109%, leading to an intensive crackdown on drugs®. Consequently, victims” drug use,
partying, and drinking were highlighted as causes of the SHCC. For example, a local councilor posted messages
such as, "Weren't they foolish to go to Itaewon that night? Should we even care about people who were there just
to have fun? Incidents like this can’t happen without drugs being involved*". This atmosphere led citizens with
SHCC-related PTSD to consciously avoid alcohol. Next, in terms of age, victims of the SHCC were mainly young
adults; however, PTSD scores were significantly higher for those aged 40-59 than for those aged 19-29. This find-
ing that PTSD was more severe in the older generation than in those within the same age group as the victims is
unusual, and it is likely attributable to the fact that the parents of the SHCC victims were in the 40-59 age range.

Second, the well-being and PTSD severity results indicated that most of the victims and witnesses were still in
poor condition, meaning they remained affected by the crush despite the time that had passed. Specifically, half
of the victims (50.8%) were languishing, and the majority were at high risk for PTSD (81.5%). Similarly, 75% of
the direct witnesses were languishing, and 90% were at high risk for PTSD, whereas only 8.3% were considered
normal. The total well-being score and those for subjective, social, and psychological well-being were significantly
low in both victims and direct witnesses.

In particular, the low subjective well-being scores could be attributed to the personal responsibility attached
to the SHCC. After the SHCC, some of the public formed the opinion that certain individuals and a general lack
of order caused the disaster. A survey conducted by Korea Gallup, a credible survey organization, confirmed that
14% of people believed the crush was the fault of certain individuals*®’. The argument of personal responsibility
made the victims of the tragedy feel that they were responsible for their suffering, which led to feelings of guilt and
remorse for victims and witnesses and resulted in negative emotions such as anxiety and depression. According
to a meta-analysis, trauma-related guilt has important clinical implications for the onset and persistence of PTSD
symptoms*!. Negative perceptions and feelings about oneself can affect one’s relationships with others, affecting
psychological well-being, which refers to one’s communication and interaction with others'#*%. The guilt stem-
ming from the SHCC resulted in not only emotional isolation but also isolation from others. Furthermore, this
condition can lead to a negative perception of society, which results in low social well-being.

Moreover, the total PTSD scores and all the PTSD subfactor scores were significantly high in both victims
and direct witnesses, showing the most significant gap in the avoidance subfactor. This also demonstrates the
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SHCC’s uniqueness. According to the meta-analysis of'®, avoidance has a substantial association with PTSD.
Moreover, more specific events are more traumatizing. As the SHCC happened at a very specific place and time,
it can easily stimulate their memory and arouse their trauma. In short, the victims and direct witnesses are at
high risk of suffering from lingering traumatic memories, which highlights the urgent need for psychological
support to help them overcome their trauma.

Third, continuous monitoring with psychological support for witnesses as well as victims is essential to
decrease PTSD and enhance well-being. According to most guidelines, the primary recommended treatment
for PTSD is psychotherapy*. The direct and indirect witness groups had significantly higher PTSD, anxiety, and
depression scores and lower well-being scores than non-victims. Moreover, the direct witnesses reported signifi-
cantly higher scores for PTSD, anxiety, and depression than the indirect witnesses. However, while the media
witnesses’ PTSD scores indicated that they were at high risk for PTSD, their anxiety and depression scores were
at normal levels. This result suggests the possibility of public indirect trauma related to the SHCC. Notably, when
the SHCC occurred, the scene was broadcast through a personal SNS, and the people in the crush livestreamed
the event without censorship. As a result, there was no gatekeeper to protect people from witnessing the pain
and death*. This kind of media exposure might have aroused indirect trauma in the people who watched it,
as experiencing disasters through the media is also traumatic*>*. Therefore, to promote well-being and relieve
PTSD, monitoring mental status and providing psychological support are vital not only for the victims but also
for those who were exposed to the media coverage of the event.

Finally, significant negative correlations were found among well-being, PTSD, anxiety, and depression, pro-
viding clues as to how to promote citizens’ mental health. Similarly, all the well-being subfactors were found to
have negative correlations with PTSD, anxiety, and depression. In particular, the correlations between subjective
well-being, PTSD, anxiety, and depression suggest that helping individuals express and evaluate their emotions
positively can help alleviate PTSD, anxiety, and depression. Symptoms of PTSD contribute to the erosion of self-
perceptions, which implies that increasing positive self-perceptions and emotions can help reduce PTSD*". PTSD
is closely linked to adverse emotional states, including anxiety and depression'®". Victims may feel guilty for
being there or being unable to save others; therefore, it is necessary to help them feel positive emotions instead
of trauma-related guilt. Moreover, the psychological well-being aspect of well-being suggests that interactions
may help people overcome SHCC-related PTSD. Interactions with others can help alleviate PTSD by reducing
anxiety and depression, allowing people to experience psychological recovery. One notable example is self-help
groups, which are informal groups that provide mutual support and help individuals get organized and act. These
groups are effective in dealing with PTSD and community rehabilitation***. Social interactions may also help
promote victims’ social well-being. As the victims and direct witnesses of the crush may have felt like they had no
choice but to choose isolation to avoid negative social framing, they must be able to form self-help groups where
they can share their trauma and memories to improve their well-being and recover from SHCC-related PTSD.

Conclusion

The psychological impact of the SHCC has endured not only for victims and direct witnesses but also for the
media-exposed citizens who witnessed it indirectly. These citizens report low well-being and are at high risk for
PTSD, and they need ongoing monitoring as well as psychological support to alleviate PTSD and promote well-
being. Concerning this point, offering continuous psychological support and fostering positive self-perceptions
and social interactions are crucial for their recovery and well-being enhancement.

Implications and limitations

Regarding limitations, this study was conducted on ordinary citizens, which limited its ability to represent those
who were greatly affected by the SHCC. Moreover, because victims/direct witnesses were not intentionally
recruited, the study included only 10 direct victims and 12 direct witnesses, leading to an unbalanced sample.
Additionally, since the study was conducted through a survey company, participants may have been motivated
by compensation. Lastly, it was challenging to control for exogenous variables such as life stress.

Future research should focus on conducting qualitative studies to explore the experiences of these individuals
since the disaster, aiming to assist them in their recovery. Ultimately, despite these limitations, the present study
examined the mental health of citizens who experienced the SHCC before the first anniversary of its occurrence
to identify their needs and inform the future direction of psychological support.

Data availability
Data are available upon reasonable request. Please contact the corresponding author for data requests.
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