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Abstract: This study aimed to compare the psychological symptoms of humidifier disinfectant
survivors to the general population and explore socio-demographic factors influencing survivors’
psychological symptoms. A one-way Multivariate Analysis of Covariance (MANCOVA) and a
series of two-way MANCOVA were conducted with a sample of 228 humidifier disinfectant sur-
vivors and 228 controls. The results demonstrated that the survivor group displayed higher anx-
ious/depressed symptoms, withdrawn symptoms, somatic complaints, thought problems, attention
problems, aggressive behavior and rule-breaking behavior than the general group. Moreover, among
the socio-demographic factors, the two-way interaction effects of group × family economic status and
group × number of friends were found to be statistically significant. The limitations and implications
of this study are discussed.

Keywords: humidifier disinfectant survivors; psychological symptoms; socio-demographic factors;
social disaster; public health

1. Introduction

In April 2011, media reported that mothers had a mysterious disease at Asan Medical
Center in Seoul, South Korea [1]. Six women were hospitalized in the respiratory intensive
care unit before and after childbirth. The symptoms were respiratory failure and pulmonary
fibrosis [2]. The patients were not from one area, but from all over Korea. The Korea Center
for Disease Control and Prevention (CDC) commissioned an epidemiological investigation
to determine the cause of these unique symptoms. The results showed that the humidifier
disinfectant, a biocide used by adding to the water in the humidifier, was causing these
diseases [1,2]. According to the CDC, humidifier disinfectants are absorbed into the body
through the nose, mouth and skin during respiration, which has a deleterious effect on
lung disease [2].

Approximately 9.98 million humidifier disinfectant products were sold from 1994 to
2011; these were distributed to unspecified people [3]. The chemicals in the humidifier disin-
fectant were poly hexamethylene guanidine phosphate (PHMG), Oligo 2-(2-ethoxy) ethoxy
ethyl guanidine chloride (PGH), cholromethylisothiazolinone (CMIT) and methylisothia-
zolinone (MIT), among others. Among them, products containing CMIT/MIT, the most
toxic chemicals, have been sold since 1994 [4].

Diseases caused by toxic chemicals take a long time to show if the toxic chemicals
have caused actual health damage, as they involve many variables, such as the incubation
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period [5]. It is difficult to accurately count the number of survivors of humidifier disinfec-
tant damage. As of September 2021, the government reported that the number of persons
who claimed damage was 7540, including 1713 deaths [6].

The humidifier disinfectants accumulate in the body, damage lung cells and ultimately
lead to widespread health impairments. Pulmonary fibrosis, asthma and dyspnea are
the main symptoms [7]. In addition, acute bronchitis, pneumonia, rhinitis, interstitial
pneumonia, nonspecific otitis media, chronic sinusitis, chronic obstructive pulmonary
disease, acute sinusitis and acute bronchiolitis have been reported [8]. In a study on mice,
it is reported that lung damage caused by repeated exposure to PHMG-P does not recover
from structural changes caused by pulmonary dysfunction and pathology, even after a
long recovery period. This suggests that the damage caused by humidifier disinfectants
may also have long-term effects on survivors. Therefore, plans to help survivors recover
need to be considered in a long-term context [9].

In addition to physical health, the damage caused by humidifier disinfectant ad-
versely affects mental health problems. As for the mental health problems that occurred
after exposure, depression and helplessness were reported by 57.5% of individuals, guilt
and self-blame by 55.1%, anxiety and tension by 54.3%, suicidal thoughts by 27.6% and
suicide attempts by 11%. This indicates that survivors’ suicide attempts are 4.5 times higher
than the general population [8]. The deterioration of physical health impacts the survivor,
whereas mental health problems impact both the survivor and his/her significant oth-
ers [10]. Moreover, studies have shown that socio-demographic, social and environmental
factors should be considered in the psychological factors of victims of social disasters, such
as social support, sociality and community cohesion [11–13]; this indicates that the psy-
chological pain of survivors should be understood from a socio-demographic perspective.
Humidifier disinfectants can be classified as a social disaster and it is closely related to
Japan’s exposure to radiation in Fukushima, in that it had many random victims not only
physically but also psychologically [14].

Studies argue that the mental and physical health of survivors are much more serious
than those of the general group and require special attention [6,10]. It is necessary to
explore more clearly which variables are specifically related to survivors’ psychological
difficulties. This study aimed to examine the psychological health of humidifier disinfectant
survivors and the general population. Next, we examined the socio-demographic variables
influencing survivors’ psychological symptoms. Specifically, this study attempts to explore
survivors’ psychological symptoms by gender, economic status, educational level and social
variables such as the number of friends. This study can serve as preliminary research to
identify important variables when designing intervention strategies to improve survivors’
mental health issues.

2. Method
2.1. Participants

This study was approved by the National Institute of Environmental Research (NIER)
in South Korea. The data of humidifier disinfectant survivors were collected through
an online survey using the Adult Self Report (ASR). A total of 228 survivors who were
suffering from humidifier disinfectant damage participated in this survey. The mean age
of participants was 42.23 years, with 10.90 standard deviation; 83 (36.4%) were male and
145 (63.6%) were female. To compare the psychological symptoms between the humidifier
disinfectant survivor group and the general group, the norm data of ASR were utilized.
The HUNO Inc. (ASR Provider Company in South Korea) provided 1003 norm data of ASR.
Among the respondents in the general population, a random sampling method was used to
select 228 participants. The mean age of participants in the general group was 37.86 years
with 9.71 standard deviation; 120 (52.6%) were male and 108 (47.4%) were female.
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2.2. Dependent Variables
Psychological Symptoms

To measure the psychological symptoms, the ASR, the Adult version of the Achenbach
System of Empirically Based Assessment (ASEBA) [15], was used in this study. Along with
MMPI-2, ASR is one of the most used personality assessments to measure psychological
symptoms in South Korea. The ASR was validated in Korean and the convergent validity,
concurrent validity and discriminant validity of the Korean version were confirmed [16].
The psychological symptoms scale consists of eight syndrome subscales and is rated on
a 3-point Likert-type scale (0: “not true”, 1: “sometimes”, 2: “often true”). The eight
syndrome subscales are as follows: anxious/depressed (18 items); withdrawn (9 items);
somatic complaints (12 items); thought problems (10 items); attention problems (15 items);
aggressive behavior (15 items); rule-breaking behavior (14 items); and intrusive (6 items).
The combination of anxious/depressed, withdrawn and somatic complaints is termed
internalizing problems, and the combination of aggressive behavior, rule-breaking behavior
and intrusive is termed externalizing problems. Anxious/depressed subscale measures
the feelings of being emotionally depressed, overly worried and anxious, and the sample
items are “I worry about my future” and “I cry a lot”. The withdrawn subscale evaluates
withdrawal, passive attitude and showing no interest in surrounding people, “I don’t get
along with other people” and “My social relations with the opposite sex are poor” are the
sample items. The sample items of the somatic complaints subscale, which assesses various
physical symptoms despite no clear medical cause, are “I feel dizzy or lightheaded” and
“I feel tired without good reason”. The thought problems subscale estimates unrealistic
and bizarre thoughts and behaviors, such as excessive repetition of certain actions and
thoughts and seeing phenomena or hearing sounds that do not exist. The sample items are
“I can’t get my mind off certain thoughts” and “I hear sounds or voices that other people
think aren’t there”. The attention problems subscale measures inattentive or hyperactive
behavior and difficulty in making plans; the sample items are “I have trouble concentrating
or paying attention for long” and “I daydream a lot”. The aggressive behavior subscale
evaluates verbally or physically destructive behavior and hostile attitudes, with “I argue a
lot” and “I blame others for my problems” being examples of the items in the subscale. The
rule-breaking behavior subscale assesses impulsive engagement in problematic behaviors
that do not follow rules or violate social norms at work or in society, and “I damage
or destroy my things” and “I break rules at work or elsewhere” are the sample items.
Sample items of the intrusive subscale that estimate behavior that bothers or disturbs
others are “I brag” and “I try to get a lot of attention”. The internal consistency (Cronbach’s
α) of the subscales ranged from 0.70 to 0.92 in this study.

2.3. Independent Variables

Four variables were utilized as independent variables: gender, educational level,
family economic status and number of friends. Gender was coded into two categories
(male and female). Educational level was measured by one item asking about educational
level, and was coded into three categories (graduate school graduate or higher than
graduate school graduate, university graduate, high school graduate or less than high
school graduate). Family economic status was assessed by one item, “compared to the
economic level of all households in Korea, which of the following would you say you
belong to?” This single question was coded into three categories (lower, middle and upper
economic status). Number of friends was measured by one item, “how many friends do you
have besides family?” This single question was coded into two categories (few: 0–3 friends;
and many: 4 or more friends).

2.4. Covariate Variable

Because age is a continuous variable, we included age as a covariate. According to
a previous study, age is related to psychological symptoms; younger adults (ages 18–35)



Int. J. Environ. Res. Public Health 2021, 18, 11811 4 of 11

scored significantly higher than older adults (ages 36–59) on anxious/depressed, somatic
complaints, attention problems, aggressive behavior and intrusive [17].

2.5. Data Analysis

One-way Multivariate Analysis of Covariance (MANCOVA) was conducted to com-
pare dependent variables between the general and survivor groups. Moreover, Cohen’s
d was calculated to determine the effect size for differences between the general and sur-
vivor groups. Effect sizes are considered small if d = 0.2, medium if d = 0.5 and large
if d = 0.8 [18]. Then, a series of two-way MANCOVA was conducted to determine the
main and interaction effects of independent variables on dependent variables. The inde-
pendent variables were gender, educational level, family economic status and number of
friends. The dependent variables were anxious/depressed, withdrawn, somatic complaints,
thought problems, attention problems, aggressive behavior, rule-breaking behavior and
intrusive. The covariate variable was age. As eight dependent variables were conceptually
related to each other (average r = 0.57), the MANCOVA, which controlled correlations
among dependent variables, was suitable for the analysis.

3. Results

A one-way MANCOVA with group as the independent variable, age as the covari-
ate and psychological symptoms as dependent variables was performed to compare the
psychological symptoms of the general and survivor groups. Moreover, Cohen’s d was
calculated to determine the effect size for differences between the two groups. The covari-
ate of age (Wilks’ lambda = 0.875; F(8,446) = 7.967; p < 0.001; η2 = 0.125) was statistically
significant. Moreover, a significant main effect for the group (Wilks’ lambda = 0.661;
F(8,446) = 28.574; p < 0.001; η2 = 0.339) was found. Main effects were found for seven
psychological symptoms: anxious/depressed, F(1,453) = 152.301, p < 0.001; withdrawn,
F(1,453) = 143.436, p < 0.001; somatic complaints, F(1,453) = 120.920, p < 0.001; thought
problems, F(1,453) = 80.489, p < 0.001; attention problems, F(1,453) = 56.567, p < 0.001; ag-
gressive behavior, F(1,453) = 86.133, p < 0.001; and rule-breaking behavior, F(1,453) = 9.383,
p < 0.01. The results revealed that the survivor group displayed higher anxious/depressed
symptoms, withdrawn symptoms, somatic complaints, thought problems, attention prob-
lems, aggressive behavior and rule-breaking behavior than the general group (see Table 1).
Group differences in anxious/depressed, withdrawn, somatic complaints, thought prob-
lems and aggressive behavior indicated a large effect size (Cohen’s d > 0.80).

Table 1. Means (standard deviation) and Cohen’s d for psychological symptoms.

Dependent Variables
General Group

(n = 228)
Mean (SD)

Survivor Group
(n = 228)

Mean (SD)

Cohen’s
d

Anxious/Depressed 0.43 (0.31) 0.85 (0.43) 1.12
Withdrawn 0.32 (0.33) 0.74 (0.42) 1.11

Somatic Complaints 0.25 (0.27) 0.67 (0.49) 1.06
Thought Problems 0.19 (0.18) 0.39 (0.30) 0.81
Attention Problems 0.42 (0.30) 0.64 (0.38) 0.64

Aggressive Behavior 0.34 (0.31) 0.62 (0.37) 0.82
Rule-Breaking Behavior 0.16 (0.19) 0.22 (0.24) 0.28

Next, a series of two-way MANCOVA were conducted separately, with age as the
covariate. First, the two-way interaction effect of group × gender was tested. The covariate
of age (Wilks’ lambda = 0.874; F(8,444) = 8.005; p < 0.001; η2 = 0.126) was statistically
significant. Moreover, a significant main effect was found for group (Wilks’ lambda = 0.681;
F(8,444) = 26.002; p < 0.001; η2 = 0.319) and gender (Wilks’ lambda = 0.938; F(8,444) = 3.641;
p < 0.001; η2 = 0.062). Specifically, main effects for gender were observed for somatic
complaints, F(1,451) = 5.699, p < 0.05; and rule-breaking behavior, F(1,451) = 4.451, p < 0.05.
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Female participants displayed more somatic complaints than male participants. On the
other hand, male participants showed more rule-breaking behavior than female participants.
However, the two-way interaction effect of group × gender was statistically insignificant
(Wilks’ lambda = 0.977; F(8,444) = 1.309; p = 0.237; η2 = 0.023). Second, the two-way interaction
effect of group × educational level was tested. The covariate of age (Wilks’ lambda = 0.882,
F(8,441) = 7.399; p < 0.001; η2 = 0.118) was statistically significant. A significant main effect for
group (Wilks’ lambda = 0.760; F(8,441) = 17.427; p < 0.001; η2 = 0.240) was found. However, the
main effect for educational level (Wilks’ lambda = 0.964; F(16,882) = 1.033; p = 0.418; η2 = 0.018)
and the two-way interaction effect of group × educational level (Wilks’ lambda = 0.944;
F(16,882) = 1.615; p = 0.059; η2 = 0.028) were statistically insignificant.

Third, the two-way interaction effect of group × family economic status was tested.
The covariate of age (Wilks’ lambda = 0.876; F(8,442) = 7.837; p < 0.001; η2 = 0.124)
was statistically significant. A significant main effect of group (Wilks’ lambda = 0.659;
F(8,442) = 28.546; p < 0.001; η2 = 0.341) and family economic status (Wilks’ lambda = 0.883,
F(16,884) = 3.559; p < 0.001; η2 = 0.061) was observed. Moreover, a significant two-way
interaction effect of group × family economic status was found (Wilks’ lambda = 0.922;
F(16,884) = 2.304; p < 0.01; η2 = 0.040). Specifically, interaction effects were observed for
five psychological symptoms: anxious/depressed, F(2,449) = 4.615, p < 0.05; withdrawn,
F(2,449) = 10.407, p < 0.001; thought problems, F(2,449) = 7.869, p < 0.001; attention prob-
lems, F(2,449) = 7.740, p < 0.001; and rule-breaking behavior, F(2,449) = 5.003, p < 0.01.
Although the general group’s psychological symptoms decreased as the family economic
status increased, the survivor group’s psychological symptoms showed a different ten-
dency. In other words, the upper family economic status group had the highest mean value
for psychological symptoms, followed by the lower and the middle groups (see Table 2
and Figure 1).

Fourth, the two-way interaction effect of group × number of friends was tested. The co-
variate of age (Wilks’ lambda = 0.868; F(8,444) = 8.428; p < 0.001; η2 = 0.132) was statistically
significant. A significant main effect for group (Wilks’ lambda = 0.678; F(8,444) = 26.403;
p < 0.001; η2 = 0.322) and number of friends (Wilks’ lambda = 0.860; F(8,444) = 9.049;
p < 0.001; η2 = 0.140) was observed. In addition, a significant two-way interaction effect of
group × number of friends was found (Wilks’ lambda = 0.961; F(8,444) = 2.243; p < 0.05;
η2 = 0.039). The effects of two-way interaction were found on six psychological symptoms:
anxious/depressed, F(1,451) = 7.069, p < 0.01; withdrawn, F(1,451) = 14.408, p < 0.001;
somatic complaints, F(1,451) = 4.785, p < 0.05; thought problems, F(1,451) = 5.326, p < 0.05;
attention problems, F(1,451) = 6.389, p < 0.05; and aggressive behavior, F(1,451) = 9.527,
p < 0.01. Compared to the general group, which showed a slight decrease in psychological
symptoms with an increase in the number of friends, the survivor group showed a promi-
nent decrease in psychological symptoms as the number of friends increased (see Table 3
and Figure 2).

Table 2. Means (standard deviation) for psychological symptom variables by group and family economic status.

Dependent Variables
General Group (n = 228)

Mean (SD)
Survivor Group (n = 228)

Mean (SD)

Lower (61) Middle (97) Upper (70) Lower (61) Middle (93) Upper (74)

Anxious/Depressed 0.52 (0.33) 0.43 (0.29) 0.34 (0.32) 0.89 (0.44) 0.76 (0.39) 0.92 (0.46)
Withdrawn 0.40 (0.37) 0.33 (0.29) 0.24 (0.32) 0.75 (0.41) 0.62 (0.35) 0.89 (0.46)

Thought Problems 0.19 (0.16) 0.22 (0.20) 0.16 (0.18) 0.35 (0.30) 0.34 (0.22) 0.50 (0.36)
Attention Problems 0.48 (0.27) 0.43 (0.29) 0.35 (0.33) 0.64 (0.38) 0.55 (0.31) 0.76 (0.42)

Rule-Breaking Behavior 0.17 (0.17) 0.17 (0.19) 0.15 (0.22) 0.21 (0.24) 0.16 (0.18) 0.29 (0.29)
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Table 3. Means (standard deviation) for psychological symptom variables by group and number of
friends.

Dependent
Variables

General Group (n = 228)
Mean (SD)

Survivor Group (n = 228)
Mean (SD)

Few (83) Many (145) Few (133) Many (95)

Anxious/Depressed 0.47 (0.34) 0.40 (0.30) 0.95 (0.43) 0.71 (0.39)
Withdrawn 0.42 (0.39) 0.27 (0.27) 0.90 (0.40) 0.51 (0.33)

Somatic Complaints 0.27 (0.31) 0.23 (0.24) 0.76 (0.52) 0.55 (0.41)
Thought Problems 0.21 (0.23) 0.18 (0.16) 0.45 (0.34) 0.32 (0.22)
Attention Problems 0.45 (0.32) 0.40 (0.28) 0.73 (0.39) 0.53 (0.34)
Aggressive Behavior 0.35 (0.30) 0.34 (0.32) 0.71 (0.39) 0.50 (0.32)

4. Discussion

The first purpose of this study was to compare the psychological symptoms of humid-
ifier disinfectant survivors and general groups. To examine these differences, a one-way
MANCOVA was performed. The survivor group showed higher scores on seven psy-
chological symptoms than the general group: anxious/depressed, withdrawn, somatic
complaints, thought problems, attention problems, aggressive behavior and rule-breaking
behavior. Consistent with previous studies [19] that suggested that social disasters have
a serious impact on the mental health of survivors, the mean differences in scores be-
tween humidifier disinfectant disaster survivors and general groups in this study indicated
that survivors experienced severe psychological difficulties. It was also revealed that the
greater the damage and the closer the relationship with the survivor, the more severe the
psychological trauma of the survivors.

As for the social aspect of survivors, the findings of a meta-analysis study [20] showed
that multilevel social support from the micro-system (i.e., family and friends), meso-system
(i.e., neighborhood, community) and macro-system (i.e., society and culture) need to be
implemented to help survivors’ recovery. Therefore, this study explored the effects of
socio-demographic variables, such as gender, educational level, family economic status
and number of friends on psychological symptoms. A series of two-way MANCOVAs was
conducted to determine the main and interaction effects of four demographic variables
by groups (survivors vs. general groups) on psychological symptoms. Among the four
demographic variables, the results indicated that educational level had no main effect
on participants’ psychological symptoms. Studies have found mixed results regarding
educational levels and psychological symptoms. Some studies reported that low educa-
tional level was related to increased behavioral problems [21], but other studies found
that educational level was not related to behavioral problems [22]. The findings of this
study are consistent with the findings of latter studies; that is, the educational level of both
humidifier survivors and the general group did not influence psychological symptoms.

We also examined the relationship between psychological symptoms, family eco-
nomic status and number of friends as factors of social resources. Family economic sta-
tus and number of friends had significant main and interaction effects on psychological
symptoms. Interestingly, the interaction effects of family economic status and the two
groups (i.e., survivors and general groups) were also found for five psychological symp-
toms: being anxious/depressed, withdrawn, thought problems, attention problems and
rule-breaking behavior.

The psychological symptoms of the survivor group that were divided according to
family economic status level showed a V-shaped pattern, while those of the general group
showed a decreasing pattern as the family economic status level increased. Consistent with
many prior studies that lower levels of family economic status was associated with higher
levels of psychological symptoms [23,24], our findings also show that individuals with
lower family economic status have more severe psychological symptoms. Next, survivors
with high economic status have more severe psychological symptoms than those in other
groups (i.e., middle and lower family economic status). The results of the higher family
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economic status group imply that social comparison may contribute to psychological
symptoms. The results of the higher family economic status group could be explained
by the theory of the ‘big fish little pond’ effect (BFLPE). Herbert and John emphasized
the importance of the frame of reference with the BFLPE model. According to the model,
individuals compare their own self-concept with their peers, and individuals have higher
self-concept when they are in a less capable group than in a more capable group, even
though they perform equally [25]. Although the BFLPE model was originally intended to
explain academic achievement, it can be expanded and used to explain the psychological
status experienced subjectively by individuals who compare relative satisfaction with
those around them. Because survivors with a high economic status have more severe
psychological symptoms than other groups, it is important that psychologists and other
such professionals focus on individuals’ subjective psychological damage rather than
objectively measured ones. The results provide implications for considering the subjective
frame of reference for survivors by designing differential psychological interventions.

Next, there were significant main and interaction effects of the number of friends
and two groups (i.e., survivors and general groups) on six psychological symptoms: anx-
ious/depressed, withdrawn, somatic complaints, thought problems, attention problems
and aggressive behavior. Our results found that the level of psychological symptoms in
both groups reporting that the number of friends being four or more was significantly
healthier than the group with three or fewer friends. The effects of the number of friends
on psychological symptoms were more prominent in survivors than in the general groups.
That is, friends’ support was more helpful for the psychological health of survivors than
general groups. Consistent with previous studies [26], social relationships contributed to
the psychological symptoms of survivors. According to a meta-analysis study examining
factors influencing post-traumatic stress response after a disaster, social relationships were
found to be beneficial in post-traumatic stress response in social disasters, but not in natural
disasters. Studies [27,28] have reported that disaster survivors can improve their quality
of life, and return to their daily lives if they receive social support. Based on the research
results, it can be seen that formal and informal social support should be provided for the
recovery of disaster survivors.

This study had some limitations. First, the sample of humidifier disinfectant survivors
was relatively small (n = 228). Although the sample was a representative group of humidi-
fier disinfectant survivors, the results should be cautiously interpreted; therefore, future
studies should use larger samples. Second, due to the small number of survivors, analysis
of various dimensions of variables such as dividing the number of friends, more specifically
into three groups, was limited. Future studies are needed to diversify dimension of vari-
ables. Third, the current findings are limited to data from one self-reported psychological
assessment. Previous studies have shown that a survivor’s quality of life is affected by fac-
tors such as demographic characteristics, physical health, psychological characteristics and
social support in an integrated way. To expand the knowledge of survivors’ psychological
status, it is necessary to analyze their relationship with psychological health and additional
data, such as physical status, diagnosed disease, amount of damage compensation and de-
gree of damage to the family member. Fourth, the results are obtained from cross-sectional
data, and it is necessary to analyze the psychological health of survivors longitudinally in
the future.

Despite these limitations, the results of this study highlight survivors’ ability to recover.
The findings of this study are expected to provide information on psychological symptoms
and aid in the provision of counseling for better outcomes in survivors of humidifier
disinfectant disasters. Additionally, to recover and improve survivors’ quality of life, it is
believed that a comprehensive support system is needed in consideration of psychological
health, as well as economic and environmental aspects.

Author Contributions: Conceptualization, S.-M.L.; methodology, H.-Y.K.; formal analysis, H.-Y.K.;
investigation, H.-Y.K.; data curation, H.-Y.K.; raw data management, S.-H.R.; writing—original draft
preparation, H.-Y.K., M.-J.L. and H.-J.L.; writing—review and editing, S.-M.L., H.-Y.K., M.-J.L. and



Int. J. Environ. Res. Public Health 2021, 18, 11811 10 of 11

H.-J.L.; supervision, S.-Y.K.; project administration, S.-M.K.; and funding acquisition, S.-H.R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the National Institute of Environmental Research, Ministry
of Environment (ME) of Republic of Korea (NIER-2021-04-03-001).

Institutional Review Board Statement: This research was approved by the Institutional Review
Board of Yonsei University (No. 7001988-202104-HR-1178-02l).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this research.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The norm data was provided by HUNO Inc., an ASEBA Provider Company in
South Korea. We appreciate to share the data for this research.

Conflicts of Interest: The authors declare that there is no conflict of interest.

References
1. Kim, J.W. Life after ‘Humidifier Disinfectant’: Parents’ Becoming Victims in a Risk Society; Seoul National University: Seoul,

Korea, 2019.
2. Park, J.H.; Kim, H.J.; Kwon, G.Y.; Gwack, J.; Park, Y.J.; Youn, S.K.; Kwon, J.W.; Yang, B.G.; Lee, M.S.; Jung, M.; et al. Humidifier

Disinfectants Are a Cause of Lung Injury among Adults in South Korea: A Community-Based Case-Control Study. PLoS ONE
2016, 11, e0151849.

3. Choi, Y.; Lee, I. A Comparative Study of the Humidifier Disinfectant Disaster and Minamata Disease. J. Environ. Health Sci. 2019,
45, 326–339.

4. Park, D.U.; Park, S.; Park, J.H.; Park, J.; Hong, S.J.; Paek, D. Abrupt Rise of Humidifier Disinfectant Associated Health Problems
Since 2008: Was It Chance or Inevitable? J. Environ. Health Sci. 2020, 46, 128–135.

5. Park, J.H.; Ko, M.H. A Study on the Damage Relief in Humidifier Sterilizer Case—Focused on Expanding the Role of Epidemio-
logical Causality for Presumption of Causal Relationship. Law J. 2020, 48, 265–306.

6. Social Disaster Special Investigation Committee. A Survey of Households Affected by Humidifier Disinfectants in 2018. Available
online: http://www.socialdisasterscommission.go.kr (accessed on 3 September 2021).

7. Park, D.U.; Lee, S.; Lim, H.K.; Kim, S.Y.; Kim, J.; Park, J.; Zoh, K.E. Comprehensive Review on Humidifier Disinfectant (HD)
Products, Focusing on the Number of Products and Their Disinfectant Type. J. Environ. Health Sci. 2020, 46, 481–494.

8. Leem, J.H.; Joh, J.; Hong, Y.; Kim, J.; Park, S.; Lim, S.; Kim, Y. Characteristics of a new respiratory syndrome associated with the
use of a humidifier disinfectant: Humidifier disinfectant-related respiratory syndrome (HDRS). Int. J. Occup Med. Environ. Health
2020, 33, 829–839. [CrossRef]

9. Yoon, J.; Kang, M.; Jung, J.; Ju, M.J.; Jeong, S.H.; Yang, W.; Choi, Y.H. Humidifier Disinfectant Consumption and Humidifier
Disinfectant-Associated Lung Injury in South Korea: A Nationwide Population-Based Study. Int. J. Environ. Res. Public Health
2021, 18, 6136. [CrossRef]

10. Oh, J.H. Exploratory Study on the Influencing Factors of Embitterment of the Victims of Humidifier Disinfectants; Seoul National
University: Seoul, Korea, 2019.

11. Lê, F.; Tracy, M.; Norris, F.H.; Galea, S. Displacement, County Social Cohesion, and Depression After a Large-Scale Traumatic
Event. Soc. Psychiatry Psychiatr. Epidemiol. 2013, 48, 1729–1741. [CrossRef]

12. Huang, Y.; Wong, H. Impacts of Sense of Community and Satisfaction with Governmental Recovery on Psychological Status of
the Wenchuan Earthquake Survivors. Soc. Indic. Res. 2014, 117, 421–436. [CrossRef]

13. Manesi, Z.; Van Lange, P.A.; Van Doesum, N.J.; Pollet, T.V. What Are the Most Powerful Predictors of Charitable Giving to Victims
of Typhoon Haiyan: Prosocial Traits, Socio-Demographic Variables, or Eye Cues? Personal. Individ. Differ. 2019, 146, 217–225.
[CrossRef]

14. Tsujiuchi, T. Post-traumatic stress due to structural violence after the Fukushima Disaster. Jpn. Forum. 2020, 33, 161–188.
[CrossRef]

15. Achenbach, T.M.; Rescorla, L.A. Manual for the ASEBA Adult Forms & Profiles; University of Vermont, Research Center for Children,
Youth, & Family: Burlington, VT, USA, 2003.

16. Kim, M.Y.; Kim, Y.A.; Lee, J.; Kim, H.J.; Oh, K.J. A Validity Study on the Korean Version of the Adult Self Report. Korean J. Clin.
Psychol. 2014, 33, 615–632.

17. Rescorla, L.A.; Achenbach, T.M.; Ivanova, M.Y.; Turner, L.V.; Althoff, R.R.; Árnadóttir, H.A.; Au, A.; Bellina, M.; Caldas, J.C.;
Chen, Y.; et al. Problems and Adaptive Functioning Reported by Adults in 17 Societies. Int. Perspect. Psychol. 2016, 5, 91–109.
[CrossRef]

18. Chen, H.; Cohen, P.; Chen, S. How Big Is a Big Odds Ratio? Interpreting the Magnitudes of Odds Ratios in Epidemiological
Studies. Commun. Stat.—Simul. Comput. 2010, 39, 860–864. [CrossRef]

http://www.socialdisasterscommission.go.kr
http://doi.org/10.13075/ijomeh.1896.01593
http://doi.org/10.3390/ijerph18116136
http://doi.org/10.1007/s00127-013-0698-7
http://doi.org/10.1007/s11205-013-0354-3
http://doi.org/10.1016/j.paid.2018.03.024
http://doi.org/10.1080/09555803.2018.1552308
http://doi.org/10.1037/ipp0000046
http://doi.org/10.1080/03610911003650383


Int. J. Environ. Res. Public Health 2021, 18, 11811 11 of 11

19. Guilaran, J.; de Terte, I.; Kaniasty, K.; Stephens, C. Psychological Outcomes in Disaster Responders: A Systematic Review and
Meta-Analysis on the Effect of Social Support. Int. J. Disaster Risk Sci. 2018, 9, 344–358. [CrossRef]

20. Cho, M.S. Factors Associated with Quality of Life Among Disaster Victims: An Analysis of the 3rd Nationwide Panel Survey of
Disaster Victims. J. Korean Acad. Commun. Health Nurs. 2019, 30, 217–225. [CrossRef]

21. Miech, R.A.; Caspi, A.; Moffitt, T.E.; Wright, B.R.; Silva, P.A. Low Socioeconomic Status and Mental Disorders: A Longitudinal
Study of Selection and Causation During Young Adulthood. Am. J. Sociol. 1999, 104, 1096–1131. [CrossRef]

22. Wadsworth, M.E.; Achenbach, T.M. Explaining the Link Between Low Socioeconomic Status and Psychopathology: Testing Two
Mechanisms of the Social Causation Hypothesis. J. Consult. Clin. Psychol. 2005, 73, 1146–1153. [CrossRef]

23. Belle, D.; Doucet, J. Poverty, Inequality, and Discrimination as Sources of Depression Among US Women. Psychol. Women Q. 2003,
27, 101–113. [CrossRef]

24. Costello, E.J.; Compton, S.N.; Keeler, G.; Angold, A. Relationships between Poverty and Psychopathology: A Natural Experiment.
J. Am. Med. Assoc. 2003, 290, 2023–2029. [CrossRef]

25. Marsh, H.W.; Parker, J.W. Determinants of Student Self-Concept: Is It Better to Be a Relatively Large Fish in a Small Pond Even If
You Don’t Learn to Swim as Well? J. Pers. Soc. Psychol. 1984, 47, 213–231. [CrossRef]

26. Matsuyama, Y.; Aida, J.; Hase, A.; Sato, Y.; Koyama, S.; Tsuboya, T.; Osaka, K. Do Community- and Individual-Level Social
Relationships Contribute to the Mental Health of Disaster Survivors?: A Multilevel Prospective Study after the Great East Japan
Earthquake. Soc. Sci. Med. 2016, 151, 187–195. [CrossRef] [PubMed]

27. Arnberg, F.K.; Hultman, C.M.; Michel, P.O.; Lundin, T. Social Support Moderates Posttraumatic Stress and General Distress After
Disaster. J. Trauma. Stress 2012, 25, 721–727. [CrossRef] [PubMed]

28. Cherry, K.E.; Sampson, L.; Nezat, P.F.; Cacamo, A.; Marks, L.D.; Galea, S. Long-Term Psychological Outcomes in Older Adults
After Disaster: Relationships to Religiosity and Social Support. Aging Ment. Health 2015, 19, 430–443. [CrossRef] [PubMed]

http://doi.org/10.1007/s13753-018-0184-7
http://doi.org/10.12799/jkachn.2019.30.2.217
http://doi.org/10.1086/210137
http://doi.org/10.1037/0022-006X.73.6.1146
http://doi.org/10.1111/1471-6402.00090
http://doi.org/10.1001/jama.290.15.2023
http://doi.org/10.1037/0022-3514.47.1.213
http://doi.org/10.1016/j.socscimed.2016.01.008
http://www.ncbi.nlm.nih.gov/pubmed/26808337
http://doi.org/10.1002/jts.21758
http://www.ncbi.nlm.nih.gov/pubmed/23184348
http://doi.org/10.1080/13607863.2014.941325
http://www.ncbi.nlm.nih.gov/pubmed/25078872

	Introduction 
	Method 
	Participants 
	Dependent Variables 
	Independent Variables 
	Covariate Variable 
	Data Analysis 

	Results 
	Discussion 
	References

