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Abstract. Experiencing severe flooding tends to negatively
impact mental health, creating a significant public health is-
sue. Moreover, extreme events can co-occur, magnifying po-
tential impacts. Insights into the combined impact of co-
occurring disasters on mental health, such as floods and
COVID-19, are, however, largely lacking. We addressed this
research gap by conducting 400 face-to-face interviews in
October 2023 in Hue City, Vietnam, where residents faced
simultaneous flooding and COVID-19 in 2020.

The respondents’ mental health was assessed using the
Kessler psychological distress scale (K6), revealing that 20 %
of the respondents experienced mental health distress, while
80 % did not report such distress. Binary logistic regres-
sion models demonstrated that among twelve flood stres-
sors, facing “livelihood difficulties”, “seeing dead human
bodies”, and “being rescued” relate significantly to men-
tal distress. Meanwhile “impacts on individual health” and
“interrupted education” are the two significant COVID-19
stressors. These five factors stay significant when combined.
Additionally, a multivariable regression model revealed the
combined effects of flood and COVID-19 when comparing
the ORs of four groups ranging from “No flood stress and No
Covid stress” to “Flood stress and Covid stress”. The effect
size is largest for those who experienced flood and COVID-
19 impacts, followed by those who suffered only floods and
those who faced only COVID-19, with the smallest effect
size.

These findings underline the need to address public health
problems caused by multiple risks, which is still a significant
gap in developing countries. Furthermore, psychological im-
pacts could be reduced by providing additional support to
at-risk communities, like managing human remains, rehears-

ing evacuation plans, preventing school closures, and setting
up public health infrastructure for psychological assistance.

1 Introduction

Among climate-related hazards, flooding is the most dis-
ruptive and costly disaster experienced worldwide (IPCC,
2021a; Liu et al., 2024). From 1990 to 2022, 4713 flood
events were recorded in 168 countries, killing 218 353 peo-
ple, with the region of Southeast Asia having a high propor-
tion of deaths, with 33 %, and causing an economic loss of
USD 1.3 trillion (Liu et al., 2024). Besides causing signifi-
cant numbers of human casualties, floods are causing dam-
age to infrastructure, property, and agricultural livelihoods
(UNDRR, 2020; Buchenrieder et al., 2021). There has been
a global increase in the number of affected people and assets
in flood-prone areas (UNISDR, 2011; de Moel et al., 2015),
which, when combined with a projected increase in the mag-
nitude and frequency of hazards from climate change (IPCC,
2021b), indicates growing threats (IPCC, 2023).

In addition to the monetary and physical flood damage,
there is significant evidence of both short-term and long-
term flood impacts on psychological well-being (Paranjothy
et al., 2011; Arshad et al., 2020; Tunstall et al., 2006; Abass
et al., 2022; Butler et al., 2018; Arshad et al., 2020; Hud-
son et al., 2019). Long-lasting mental health disorders such
as post-traumatic stress disorder (PTSD), anxiety, and de-
pression have higher incident rates post-flood (Stanke et al.,
2012; Zenker et al., 2024). IPCC (2023) reports also project
that flooding in Asia will significantly impact human well-
being. Therefore, the effects of flooding on mental health are

Published by Copernicus Publications on behalf of the European Geosciences Union.
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being increasingly recognized and must be proactively inte-
grated into risk management, as it has been largely neglected
(Berry et al., 2018; Gifford and Gifford, 2016). Furthermore,
the mental health impacts of flooding have been studied in
high-income countries; it is crucial to recognize that flood-
ing also has profound mental health effects on poor people in
low-income countries as well (Asim et al., 2022).

The need to understand the public health consequences of
flooding is complicated by the observation that people can
face or experience multiple hazards that may cause cumu-
lative impacts rather than only floods. A prominent situa-
tion was the COVID-19 pandemic, which occurred simulta-
neously with other disasters in many places in 2020. It was
a global crisis in health systems and economies worldwide,
occurring with socio-environmental changes, causing com-
pound effects, emphasizing the urgent need for an integrated
and intersectoral approach to understanding and addressing
risks and impacts of such crises on the most vulnerable pop-
ulations (UNDRR, 2019).

The co-occurrence of floods and COVID-19 is a typi-
cal multi-hazard event (Gill et al., 2022; Simonovic et al.,
2021). While the flood impacts on mental health are consid-
erable and long-lasting (Ogunbode et al., 2019; Bubeck et
al., 2025), a systematic review of health sector responses to
the coincidence of disasters and COVID-19 is underreported
and under-evaluated (Sedighi et al., 2021). Compared to 478
studies on the prevalence of PTSD among flood survivors re-
viewed by Golitaleb et al. (2022) from 2015 to 2021, a few
examples highlight cumulative impact assessments for mul-
tiple risks in combination with floods. Sohrabizadeh et al.
(2021) reviewed and found thirteen studies addressing the
co-occurrence of COVID-19 and natural hazards in general.
Seven reported the simultaneous occurrence of COVID-19
and climatic events like floods, hurricanes, tornadoes, and
southwest monsoons in South Asian countries. Only two of
these seven articles examined the health consequences of
co-occurring floods and the pandemic, namely Vikas (2020)
and Guo et al. (2020). Vikas (2020) studied the potential
risks when monsoons in Southeast Asia trigger floods dur-
ing COVID-19, which may prevent the healthcare system
from being prepared for the disease. The author emphasized
the necessity of a mitigation action plan for COVID-19 dur-
ing the monsoons. Meanwhile, Guo et al. (2020) mentioned
possible flood impacts during the pandemic in China. They
drew attention to the necessity of urgent actions to prevent
the health and livelihood consequences of flooding during
the COVID-19 pandemic. However, none of these articles
examines the combined impacts of floods and pandemics on
mental health.

Furthermore, to be more certain about this research gap,
we conducted a further search on the Web of Science and
PubMed databases using the strings: “flood”, “COVID-19”,
AND “mental health” in December 2023 (see Appendix A,
Table Al); we found 52 articles in the Web of Science and
55 articles in PubMed. By scanning the titles and abstracts,
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the duplicated results were removed. There were 18 relevant
articles, but only seven recently explored the compounding
impacts of flood and COVID-19 on affected people’s men-
tal health (Podubinski and Glenister, 2021; Callender et al.,
2022; Agyapong et al., 2022; Rocha et al., 2021; Agyapong
etal.,2021; Liang et al., 2023; Izumi and Shaw, 2022), mean-
ing that our research will contribute significantly to this field.
Agyapong et al. (2021) focused on the cumulative impacts
on mental health after wildfire, flooding and COVID-19 on
Fort McMurray school board staff and other employees in
Canada, and they concluded that affected groups suffered
psychological morbidity differently. Podubinski and Glenis-
ter (2021) provided insights into the mental health of Aus-
tralian workers during the initial COVID-19 outbreak, with
an additional focus on whether previous disaster exposure
and effects from that disaster are risk factors for increased
psychological distress. They found that higher stress symp-
toms were associated with having disaster impacts, added to
COVID-19. In the meantime, Rocha et al. (2021) aimed to
address the effects of natural disasters on the mental health
of Filipinos during the COVID-19 pandemic, with the con-
clusion that the simultaneous existence of natural disasters
and the pandemic has caused devastating and detrimental ef-
fects on the mental health of Filipinos. Also, Agyapong et al.
(2022) found that cumulative trauma from multiple disasters,
including COVID-19, has increased the mental health bur-
den on residents of Fort McMurray in Canada. Callender et
al. (2022) assessed the economic and mental health impacts
of COVID-19 in the presence of previous exposure to flood
events caused by Hurricane Harvey in the US. They found
that multiple crises can jointly and cumulatively shape health
and well-being. Izumi and Shaw (2022) examined the effects
of COVID-19 and natural hazards, including floods, in coun-
tries like India, Japan, the Philippines, and the USA, con-
cluding that the confluence of COVID-19 and natural haz-
ards caused compounded impacts and challenges to mental
health. Lastly, Liang et al. (2023) identified the latent pro-
files of psychological status and acceptance of change among
Henan residents in China who have been cumulatively ex-
posed to floods and the COVID-19 pandemic. They found
that the additive effects of the floods with COVID-19 have
a predictive effect on psychological state. From this litera-
ture review, we found that the research on the cumulative im-
pacts of co-occurring disasters is still limited, and the seven
mentioned works used different methods and scales for as-
sessment; none used the K6 scale as a screening tool. There-
fore, we want to contribute novelty to these research gaps by
surveying the cumulative impacts of flooding and COVID-
19 on the mental health of at-risk communities in Hue City.
The K6 scale appears to be a proper choice for comparisons
across countries and regions, as it is a widely used screen-
ing scale for mental health issues in the general adult pop-
ulation (Kessler et al., 2002). According to Wojujutari and
Idemudia (2024), who worked on “Consistency as the Cur-
rency in Psychological Measures: A Reliability Generaliza-
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tion Meta-Analysis of Kessler Psychological Distress Scale
(K-10 and K-6)”, the scales were adapted into multiple lan-
guages, including English, Chinese, Swahili, Farsi, Indone-
sian, Japanese, Hindi, and Portuguese, reflecting their global
applicability and adaptability. For the K-6, their results re-
vealed high internal consistency (mean « = 0.84, 95 % CI
[0.80, 0.88]). Reliability varied across populations and lan-
guages. The K-6 scale showed a high reliability among out-
patients (o =0.89) and the general population (o = 0.87).
The authors concluded that the K6 is a reliable tool for mea-
suring psychological distress in both general and clinical
groups. Its high reliability and adaptability make it valuable
in clinical practice and research. It is recommended to use
and adapt to mental health assessments, with attention to cul-
tural and language considerations. In addition, in the article
“Screening for Serious Mental Illness in the General Popula-
tion” by Kessler et al. (2003), the authors showed that the K6
is a robust tool for screening for Serious Mental Illness and
concluded that it is crucial for clinical studies and clinical
epidemiology.

Our research question is: Does the co-occurrence of floods
and COVID-19 have combined impacts on mental health?
We used the K6 scale distress to examine and answer the
research question in the case study conducted in Hue City
(which used to be Thua Thien Hue province before 13 Jan-
uary 2025), Vietnam. This city faced COVID-19’s first wave
in January 2020 and the second wave in July 2020, leading
to social isolation until December 2020, with hard lockdowns
and restrictions in many communities (Nguyen et al., 2021).
In October 2020, Hue City faced typhoons, floods, and land-
slides. Therefore, local people suffered uncertainty, fear of
infection, distress, grief, and loneliness (Nguyen et al., 2021).

The research results draw attention to the combined men-
tal health impacts of multiple disasters and provide a better
understanding of how these have become increasingly com-
mon in recent years. Our findings give important insights to
direct relevant stakeholders to preparedness, address public
health issues in this context, and identify risk factors that ex-
acerbate psychological distress to offer thoughtful solutions
to mitigate impacts.

2 Case study area

Vietnam is a developing country in Asia (UN, 2024). It is
located in the tropical region and is one of the most vul-
nerable countries to climate change impacts worldwide, in-
cluding hydro-meteorological hazards such as severe storms,
cyclones, typhoons, floods, and landslides (CFE-DM, 2021).
About 70 % of Vietnam residents live in coastal communities
and, as such, are highly exposed to intensifying storms and
floods (CFE-DM, 2021). Floods cause this country’s most
significant economic loss, accounting for 97 % of average an-
nual losses from hazards (WB and ADB, 2021). Especially
in 2020, when a storm triggered massive floods in Central
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Vietnam, people suffered heavy losses, including damage to
people, shelters, and property (IFRC, 2022). 357 people were
killed or missing, and 876 were injured. Storms and floods
that occur in a row are considered the most terrible disas-
ters affecting Central Vietnam in the past 100 years (IFRC,
2022).

Located in coastal Central Vietnam (Fig. 1), Hue City is
especially prone to frequent and severe coastal, pluvial, and
fluvial flooding due to its location, the river system and trop-
ical monsoon climate, with a rainy season occurrence from
August to December (Tran et al., 2008). Additionally, the
city suffers from typhoons that frequently make landfall in
this area with massive rain during the rainy season (Tran et
al., 2008). In recent decades, Thua Thien Hue province has
faced several devastating floods. While the region has an-
nual small to moderate floods with minor impacts, the occa-
sional major to historic floods has had severe consequences
for people, the economy, infrastructure, and the environment
(Sett et al., 2025). Local stakeholders and households iden-
tified the floods of 1999, 2020, and 2023 as historical events
(Vietnam Disaster and Dyke Management Authority, 2019;
Man Nhi, 2023; Sett et al., 2025; JBA Risk Management,
2020). The most severe recent flood was the historic 1999
event, caused by heavy rainfall in Hue that lasted 10d and
reached 3063 mm in the city center (Villegas, 2004). This re-
sulted in 793 deaths, damaged more than 870000 houses,
and severely affected households in Hue and infrastructure
(IFRC, 1999). The exceptional flood in 2020 occurred from
early October to mid-November, resulting from nine consec-
utive major storms, including typhoons that impacted Central
Vietnam (DMPTC, 2021), bringing heavy rainfall - 2747 mm
recorded in Hue and up to 5226 mm in the mountainous up-
stream areas (WATEC, 2024; Nguyen et al., 2022) — and
leading to riverine and flash floods as well as landslides in
some regions (IFRC, 2020). These floods left two people
dead, two missing, and one injured in the central city of
Hue, according to the city’s Civil Defence Steering Com-
mittee (Vietnam News, 2020). The 2023 flood was also rec-
ognized as the “worst in a decade” (Vo, 2023). The city
centre recorded up to 2858 mm of rainfall, and more than
4135 mm in the mountainous upstream regions (WATEC,
2024; Nguyen et al., 2022), nearly reaching the historic lev-
els of the 1999 floods (Sett et al., 2025). This means Hue
people have been subjected to flood risk physically or men-
tally, as analyzed by Sett et al. (2024). With respect to flood
risk, 2020 exemplifies this vulnerable situation. Widespread
flooding and landslides caused severe damage and loss of life
in Hue City in 2020, with 31 people dead, 11 people miss-
ing, and a total economic damage of USD 45 million (Van
Dinh, 2020). Tran and Vilas (2011), Hudson et al. (2021),
and French et al. (2019) stated that flood impacts on mental
and physical health may be long-lasting and affect house-
holds for years after the flood events, especially in areas with
frequent flooding like Hue City.

Nat. Hazards Earth Syst. Sci., 26, 1207-1230, 2026
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Figure 1. Study sites.

In addition to severe floods in 2020, the COVID-19 pan-
demic brought many difficulties to the public health, re-
search, and medical communities worldwide, including Viet-
nam (WHO, 2020). According to WHO (2022b), 455 mil-
lion cases and over 6 million deaths were recorded by mid-
March 2022. In Vietnam in general and Hue City in partic-
ular, COVID-19 cases increased in January 2020, and peo-
ple faced social isolation from February to December 2020
(Nguyen et al., 2021) caused by hard lockdowns and restric-
tions in many communities. This situation resulted in the
cessation of livelihood activities, the closure of schools and
offices, family separations, and travel restrictions. Vietnam
controlled the first wave in April 2020, but a second wave
of infections occurred in July 2020. Immediately after man-
aging the second wave of COVID-19, Hue City encountered
typhoons, floods, and landslides from 10 October until the
end of the month. During and after these disaster events, so-
cial distancing measures were enforced until December 2020
(Nguyen et al., 2021), causing negative impacts on the psy-
chological state of those affected (Peteet, 2020).

Nat. Hazards Earth Syst. Sci., 26, 1207-1230, 2026

Our surveys on the combined effects of floods and
COVID-19 were conducted in two coastal communes in Hue
City, namely Hai Duong and Quang Loi (see Fig. 1). Due
to their location, these communes face flood and storm haz-
ards yearly. In 2020, both municipalities were also affected
by COVID-19 and the nationwide measures to contain the
pandemic. Hai Duong commune has belonged administra-
tively to Hue City since 2021. It is located along the coast-
line between the lagoon and the East Sea, with a total area
of 9693 km? and a population of 8190 (as of 2021). The res-
idents in this commune face coastal erosion, storms, floods,
and drought annually and are also severely affected by the
extreme floods of 2020. Quang Loi commune is located in
the northeast of Quang Dien district, along the lagoon, and
occupies 32.32 km? with a population of 6247 people (Tran
etal., 2021).

https://doi.org/10.5194/nhess-26-1207-2026
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3 Methods
3.1 Data collection

KOBOToolbox (https://www.kobotoolbox.org, last access:
23 November 2023), created by the Harvard Humanitarian
Initiative, is an open-source collection of tools for data col-
lection and analysis in humanitarian crises and challenging
settings. It was used to conduct 400 face-to-face surveys in
the two coastal communes of Hai Duong and Quang Loi from
6 to 30 October 2023. With this sample size, we consider
400 participants a reasonable number to represent the pop-
ulation, based on Taro Yamane’s (1967) formula, given an
estimated population of 500000 in the lagoon area (Nguyen
and Bao, 2025) and a desired 95 % confidence level. The
questionnaires focused on psychological distress, personality
traits, flood impacts, and COVID-19 impacts on affected peo-
ple. Regarding the sampling method, the survey team went
through the commune and randomly selected every third
household along the village lanes for a face-to-face interview.
If a household denied the interview, the respective household
was skipped, and the household next to it was chosen. The
trained and experienced local enumerators continued until
200 interviews per commune were completed. All of the 400
questionnaires were collected for analysis.

3.2 Measuring psychological distress (K6)

The respondents’ mental health was assessed using the
Kessler Psychological Distress Scale (K6), a widely used
brief screening scale to assess non-specific psychological
distress (Kessler et al., 2002). The K6 asks respondents how
often six symptoms occurred in the 30 d before the interview:
(1) feeling nervous, (2) hopeless, (3) restlessness or fidgety,
(4) feeling worthless, (5) feeling depressed, and (6) that ev-
erything was an effort (Kessler et al., 2002). The answers
for each question range from 0 to 4, assigning “none of the
time”, “a little of the time”, “some of the time”, “most of
the time”, or “all of the time”, respectively. From that, the
total score of the six symptoms ranges from zero to 24,
with a higher score indicating a higher mental health dis-
tress. The K6 is widely used and has demonstrated promising
results in various contexts of population-based health sur-
veys (Prochaska et al., 2012) and has been assessed by the
WHO (Kessler et al., 2010). For example, it was employed
to screen for psychological distress in the Australian Na-
tional Survey of Mental Health and Well-Being (Furukawa
et al., 2003), to examine serious mental illness in the gen-
eral population (Kessler et al., 2003), to assess any disorder
in the community mental health surveys as a cautionary note
(Veldhuizen et al., 2007), to serve as a screening instrument
for Iranian University Students (Dadfar et al., 2018), and to
study Indian Americans regarding the severity of mood dis-
orders (Mitchell and Beals, 2011). The K6 is confirmed to be
a reliable tool for screening adult psychological distress with
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panic disorder, generalized anxiety disorder, bipolar disor-
der, and schizophrenia (Umucu et al., 2022; Wijeratne et al.,
2011). In Vietnam, Kawakami et al. (2020) researched in-
ternal consistency reliability, construct validity, and item re-
sponse characteristics of the Kessler 6 scale among hospital
nurses. They concluded that the K6 Vietnamese version is a
reliable and valid instrument to measure psychological dis-
tress for their targeted group.

In our research context, for the first time, we used K6 to
screen the mental health status of affected people three years
after the events, to capture the mental health status of respon-
dents. Some people may be concerned that the recall of af-
fected people may change over time as the collective memory
decays (Song et al., 2021). We argue that the K6 scale indeed
captures the last 30d, and it is well known that both flood-
ing and COVID-19 can have a long-lasting effect on mental
health (Uchida et al., 2023). The K6 is not affected by the re-
call period and can help identify the significance of changes
in psychological distress over time and evaluate the effec-
tiveness of interventions for psychological distress (Chilver
et al., 2023; Uchida et al., 2023). Regarding the stressors po-
tentially affected by recall bias, we argue that COVID-19 and
the flood event were highly impactful for the respondents,
and, based on our experience, we did not observe problems
with respondents’ recall.

To classify the psychological distress level of respondents,
we use cut-off points derived from the literature (Prochaska
et al., 2012). The standard cut-off points are <5 for “no
mental health distress”, > 5 and < 13 for “moderate men-
tal distress”, and > 13 for “severe mental health distress”
(Prochaska et al., 2012). Prochaska et al. (2012) determined
the validity of the standard cut-off points for a sample in
the US, which analyzed 50 880 adult participants in a 2007
California Health Interview Survey. Their findings indicate
that the optimal cut-off points identified through the receiver
operating characteristic curve analysis are consistent across
various ethnic and racial groups. They advocate for the ex-
pansion and analysis of the K6 scale to measure and exam-
ine the associated factors with moderate mental distress. Min
and Lee (2015) also justified that these cut-off points are pro-
posed for Korean seniors and that the K6 is a valid and reli-
able screening tool.

3.3 Variable selection

Our study has four variable groups: (1) dependent variables,
(2) flood stressors, (3) COVID-19 stressors and (4) contex-
tual variables. The variable domains were selected based on
the literature review and the local context, reflecting the spe-
cific disaster situation in 2020 in Hue City. Regarding flood
stressors, we considered what affected people suffered and
their safety. As stated by Lee et al. (2020) and Du et al.
(2010), adverse mental health status caused by disasters is
generally due to a combination of physical health problems,
financial losses, and community or social disruption; hence,
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we include the main factors comprising home damage, liveli-
hood difficulties, food and water shortage, unsanitary con-
ditions and disrupted medicine/medical care. These factors
were asked in separate questions in the flood section. For
people’s safety during the flood, as mentioned by McKen-
zie et al. (2022), being flooded may cause physical injury,
property damage, evacuation or resettlement, and severe dis-
ruption, all of which are expected consequences referred to
as primary stressors. In the specific case of Hue City, the lo-
cal context that affects mental health was mentioned in the
research by Sett et al. (2024), that mental health impacts
could directly stem from seeing dead bodies, being injured
and being infected by diseases due to poor sanitation con-
ditions. For a detailed description of all variables included
in this study and statistical models, please see Appendix B,
Table B1.

Regarding COVID-19 impacts, questions were adopted
from the survey of CSO (2020) on the social implications
of the pandemic. Our questions focused on COVID-19 infor-
mation access, individual diagnosis of COVID-19, and the
effects of COVID-19 on jobs/livelihoods and financial obli-
gations, health, social ties, interrupted education, household
stress, and home violence. We also asked about the impacts
of restrictions during the pandemic. Some other researchers
included these factors in their studies as well; for example,
Xiong et al. (2020), Mathew (2021), and Wiedemann et al.
(2022) considered health status, married status, age, house-
hold income, and quarantine status. Mathew (2021) and Chen
et al. (2020) also added fear of infection as a risk factor. Chen
et al. (2020) included “study online” in their risk factor anal-
ysis. Béland et al. (2021) and Piquero et al. (2021) examined
family stress and domestic violence during the COVID-19
outbreak, especially.

Contextual variables typically include sociodemographic
factors associated with adverse mental health impacts after
the flood. Depending on the research focus, these variables
could be age, gender, educational status, current work status,
annual household income, and housing status (French et al.,
2019; Lee et al., 2020; Fitzgerald et al., 2020; Graham et al.,
2019; Asim et al., 2022; Adams and Nyantakyi-Frimpong,
2021; Gousse-Lessard et al., 2023). In our study, we ran sin-
gle binary regression models for each variable. We found that
current work status, average household income, and housing
status do not affect respondents’ mental health status. Also,
to compare flood and COVID-19 aspects, we chose age, gen-
der, and education as control variables.

3.4 Statistical methods

After selecting variable groups, descriptive statistics were
used to provide an overview of the demographics and char-
acteristics of the sample. Then, mental health prevalence was
investigated to see the percentage of respondents facing men-
tal health distress using the K6 scale score and the above cut-
off points (Kessler et al., 2002). Classifying mental health
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status includes three levels: no mental health distress, moder-
ate mental distress and severe mental health distress, and pre-
sented as a category variable. A new dummy variable of psy-
chological distress was created by combining moderate and
severe mental proportions as Yes (1) and No (0) for “No men-
tal health” to capture the difference between groups, here,
those with psychological distress and others without, and for
later use in binary logistic regression models.

Later, the relation of mental health distress with the ex-
planatory variables was tested to find out if the contextual and
risk factors influence mental health status in different ways.
Three logistic regression models examined mental health risk
factors (see Table 3). The model M-Flood examines the in-
fluence of twelve flood stressors on the respondents, for ex-
ample, home damage, livelihood difficulties, food and water
shortage, etc. Of these, five were category variables; seven
others were in dummy format. To be identical, we changed
the five category variables to dummy variables by creating a
value of “0” (No) for the answer categories “none”, “a lit-
tle” and “some”, and a value of “1” (Yes) for “a lot” and
“extreme”’. The M-COVID-19 examined the influence of six
COVID-19 stressors on the mental distress of the respon-
dents, including the impacts on individual health, someone’s
health and social maintenance, etc. (Table 2). The value of
“0” (No) was created from original values from “Not at all”,
“A little” and “Somewhat”, while the value of “1” (Yes) was
made from “A lot” and “Extremely”. Building upon M-Flood
and M-COVID-19, the model M-Mixed examined the change
of influence of flood and COVID-19 stressors on the psy-
chological distress of affected people when entered into a
model simultaneously. Only significant variables in M-Flood
and M-COVID-19 with p values < 0.1 were selected for M-
Mixed.

Lastly, the combined impacts of direct flood and COVID-
19 stressors on mental health were investigated by group-
ing respondents into different categories. Hence, the fourth
model (M-Combined) was run as a multivariable logistic re-
gression for mental health status. To explore the combined
impact of floods and COVID-19 on the mental health dis-
tress experienced by individuals affected by both disaster and
the pandemic, we adopted the grouping method by Fitzger-
ald et al. (2020) who examined the cumulative flood expo-
sure via probable depression among business owners who
were flooded and evacuated during the 2017 flood event in
Australia. In our research, four groups were created: Group
(1) comprised of respondents reporting “NO flood stress and
NO Covid stress”, Group (2) reporting “Flood stress and NO
COVID stress”, Group (3) reporting “NO flood stress and
COVID stress”, and Group (4) reporting “Flood stress and
COVID stress”. The groups were created as shown in Fig. 2.
Dummy variables were designed to capture those respon-
dents who faced flood or COVID stressors. Their ORs were
compared to find evidence of combined impacts.

Figure 2 shows that the dummy variables were created us-
ing the mean values (Cox and Schechter, 2019; Cox, 2018)
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Step 1 > Step2 > Step3
Creating new variables Creating Dummy variables Grouping
for flood and COVID stresses
> Dummy flood stress =0 > —
@) If Flood stress <= Mean value -
Flood stress = Flood stressor 1+ Flood stressor2 + ...
Only significant flood stressors in M-FLOOD are selected o |  Dummyflood stress =1 >
If Flood stress > Mean value - )| Group2
Dummy COVID stress =0 _|
(b) P If COVID stress <= Mean value | Group 3
COVID stress = COVID stressor 1+ COVID stressor2 + ...
Only significant COVID stressors in M-COVID-19 are selected Dummy COVID stress = 1 > _—
If COVID stress > Mean value >

Figure 2. Creating groups for examining the combined impacts of flood and COVID-19 on mental health distress:
Step 1: Summing up all significant flood stressors in M-FLOOD to create a variable (a) “Flood stress” AND Summing up all significant

COVID-19 stressors in M2 to create the variable (b) “COVID stress”.

Step 2: Creating dummy variables for flood and COVID stressors by using the mean values of “Flood stress” and “COVID stress”.

Step 3: Creating the four groups.

to sum up the significant stressors of both flood and COVID-
19. Firstly, a general “flood stress” was created by summing
up the three significant variables in M-Flood as (a):

(a) Flood stressor = Livelihood difficulties
+ Seeing human dead bodies

+ Being rescued

From (a), we had the variable “Flood stress” with the values
Min =0, Max =3 and Mean ~ 0.8. We created a dummy
variable for this with “0 = No flood stress” if “Flood stress”
< 0.8 and “1 = Yes, flood stress” if “Flood stressor” > 0.8.

Secondly, we created the general COVID-19 stressor
based on the two significant variables from M-COVID-19
as (b):

(b) COVID-19 stress = impacts on individual health

+ interrupted education

From (b), we had the variable “COVID-19 stress” with the
values Min = 0, Max = 2, and Mean ~ 0.3. Then, we created
a dummy variable with “0O = No COVID stress” if “COVID-
19 stress” < 0.3 and “1 = Yes, COVID stress” if “COVID-19
stressor” > 0.3. In the next step, we used the two new dummy
variables to group them into four: (/) NO flood stress and
NO COVID stress, (2) Flood stress and NO COVID stress,
(3) NO flood stress and COVID stress, and (4) Flood stress
and COVID stress.

All regression models report effect sizes as ORs with a
95 % confidence interval for bootstrapping. The OR repre-
sents the likelihood of an outcome occurring due to a specific
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exposure compared to the possibility of the outcome occur-
ring without that exposure (Szumilas, 2010). The odds ratio
can also be used to justify whether a particular risk factor
takes effect for a specific outcome and to compare the in-
fluence of several risk factors for that outcome (Szumilas,
2010). An OR of 1 means that the risk factor does not af-
fect the odds of the outcome occurring, ceteris paribus; an
OR > 1 means that the risk factor is associated with higher
odds of the outcome occurring; and an OR < 1 implies that
a risk factor is associated with lower odds of the outcome
occurring.

4 Results
4.1 Sample Characteristics

As demonstrated in Table 1, respondents (n =400) com-
prise almost equal numbers of women (53.2 %) and men
(46.8 %). Overall, the gender proportion matches well with
the province’s population (TTH Statistic Office, 2022),
which shows that females make up 50.1 % of the population
and males 49.9 %. The mean age of the sample is 49 years;
the youngest respondent is 17 years old, and the oldest is
87 years old. Also, for average age, our sample belongs to the
working age group, which covers 53 % of the province’s pop-
ulation (as of 2022) (TTH Statistic Office, 2022). Regarding
education, 84 % of our sample are literate, meaning they have
at least a primary school degree. This ratio is slightly lower
than the provincial average, with 89.4 % of people aged 15
and above in rural areas being literate (TTH Statistic Office,
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2022). In addition, the data shows a wide range of average
income levels. The respondents have a wide range of aver-
age monthly incomes. The highest proportion belongs to the
group with “> VND 3—4 million per month”, with 14.8 %.
Generally, this result does not reflect the average income re-
ported by the Statistics Office of the TTH province, which
is VND 4.7 million per month per person (as of 2023) (TTH
Statistic Office, 2022; PPC-TTH, 2023). The reason could be
the sensitivity of the question; people usually hesitate to talk
about their income, so they choose not to answer it or report
a lower income.

Regarding flood risk experience, Table 2 shows a signif-
icant proportion of respondents who faced flood and pan-
demic impacts. More than 97 % were affected by flood events
in 2020. Of these, Quang Loi had more people who expe-
rienced flood events in 2020, with 98.9 % of respondents.
19.5 % of respondents from both communities are still bur-
dened by this flood, with responses from “A lot” to “Ex-
tremely”. Quang Loi had more people suffering “A lot” in
the flood of 2020, with 55 respondents, while Hai Duong had
only two. Among the three top significant flood stressors,
“livelihood difficulties” occupy the largest proportion with
56.5 % in the two communities, followed by “being rescued”
and “seeing dead human bodies” with 24.4 % and 19.2 %, re-
spectively. Again, Quang Loi has a much higher percentage
of these stressors than Hai Duong.

Regarding COVID-19, 41.6 % of respondents were di-
rectly affected by the pandemic, meaning they tested posi-
tive for COVID-19 or were suspected of infection but were
never tested. Of these, Quang Loi commune has more peo-
ple affected, with 50 % of respondents, whereas Hai Duong
has 30 %. The pandemic continues to burden many people
in these two communes. In particular, Quang Loi has more
people answering that COVID-19 still burdens them signif-
icantly (i.e., choosing the three highest answer categories).
The two significant COVID-19 risk factors, like “impacts
of COVID-19 on your health” and “interrupted education”,
have considerable effects on people, with 36 % and 15.8 %,
respectively. More people in Quang Loi faced individual
health problems, while more people in Hai Duong faced in-
terrupted education constraints.

4.2 Mental health status

Figure 3 reports the descriptive results for the six symptoms
of the K6 scale. Nervousness is reported most often, with
32.3 % of the respondents choosing the two highest answer-
ing categories. Restlessness follows this with 10.6 %. The re-
maining four symptoms have a similar proportion, around
5.1 %—5.6 % across these categories. Nervousness and rest-
lessness are also more frequent than other symptoms in the
category “A little of the time” with 38.5% and 32 %, re-
spectively, and more than double the least frequent symp-
tom, hopelessness. Hopelessness is the least frequent symp-
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Figure 3. Symptoms of distress at different scales of K6.

tom overall, with the highest percentage for “None of the
time” and the lowest number in the remaining categories.

In terms of prevalence, using standard cut-off points, we
found that 0.8 % of the respondents show severe mental dis-
tress, while nearly 19.2 % show moderate levels, and 80 %
show no indication of mental health distress.

The widely used Kessler K6 non-specific distress scale
screens for severe mental illness, defined as a K6 score > 13,
estimated to afflict about 6 % of US adults. The K6, as cur-
rently used, fails to capture individuals struggling with more
moderate mental distress that nonetheless warrants mental
health intervention. They provide a cut-off for “moderate”
mental distress, which we use and which is appropriate for
your research question. Since the severe group is too small,
the prevalence shows only 0.8 %. It is too small to analyze
as a group. Combining this group with the moderate group
refined the analysis by comparing the presence of stress with
no experience at all, providing a more precise comparison
(Perez-Valero et al., 2021). Prochaska et al. (2012) also indi-
cated that the K6 is necessary to detect, examine, and quan-
tify the correlates of moderate distress, given its clinical rel-
evance. Therefore, the new proportion becomes 80 % and
20 % for “Yes” and “No”, respectively. Then, we generated a
new dummy variable for mental health status with the values
“1” =“Yes” and “0” = “No”. It is used for the binary logistic
regression models M-Flood, M-Covid, and M-Mixed.

4.3 Mental health in relation to risk factors

Table 3 provides the results of the three logistic models, M-
Flood, M-COVID-19, and M-Mixed. The multivariable lo-
gistic regression M-Combined examines the combined im-
pacts of flood and COVID-19 (Table 3).

4.3.1 Flood model (M-Flood)

M-Flood shows the ORs of these twelve stressors, three of
which are greater than one and statistically significant, in-
cluding “Seeing dead human bodies” during or after the
flood with the highest ORs of 4.93 (p value <0.001),
followed by “Livelihood difficulties” with OR of 2.39
(p value < 0.05), and lowest one “Being rescued” with OR is
2.17 (p value < 0.1). So, among direct flood stressors, “See-
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Table 1. Sampling characteristics. N = number of respondents.

Sampling Province
Female Male Total TTH Statistic Office (2022)
N 213 (532%) 187 (46.8 %) 400 (100.0 %)
Location Whole province:
Hai Duong 108 (50.7%) 92 (49.2 %) 200 (50.0 %) Females: 50.1 %
Quang Loi 105 (49.3%) 95 (50.8 %) 200 (50.0 %) Males: 49.9 %
Age 49 (11.461) 49 (12.365) 49 (11.883) Working age: 53 %
Men: 15-61,
Women: 15-56
Education
No formal education 26.0 % 89.4 % of people aged 15 and above in the rural
Primary school 32.0% area are literate (having primary school educa-
Secondary school 21.8% tion level upward)
High school 13.0%
Technical Diploma 3.5%
University 3.7 %
Income
< VND 500 000 33% VND 4.7 million per month per person
> VND 500 0001 million 1.00 %
> VND 1-2 million 2.8 %
> VND 2-3 million 10.7 %
> VND 3-4 million 14.8 %
> VND 4-5 million 9.7 %
> VND 5-6 million 12.00 %
> VND 6-7 million 9.8 %
> VND 7-8 million 6.2 %
> VND 8-9 million 6.3 %
> VND 9-10 million 7.00 %
> VND 10-15 million 72 %
> VND 15-20 million 7.7 %
> VND 20-50 million 0.7 %
Don’t know/no answer 0.8 %

ing dead human bodies” has the highest effect on mental
health. No significant effect is found for the rest of the fac-
tors, including “Home damage”, “Food and water shortage”,
“Suffered unsanitary condition”, “Suffered medicine/medi-
cal care”, “Being Evacuated”, “Being seriously injured or
ill”, “Family members/close friends are injured/ill”, “Unsure
of the safety of family members or close friends”, and “Loss
of family members or close friends in the flood”. Regard-
ing contextual variables, only “Gender” is significant in this
model with the OR of 0.61 (p value < 0.1).

4.3.2 COVID-19 model (M-COVID-19)

Similar to the flood stressors, direct impacts on mental health
distress caused by COVID-19 were explored. The main po-
tential impacts we used are on individual health, someone’s
health, social maintenance, interrupted education, household
stress, and domestic violence. The regression models (see Ta-
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ble 2) show that only two of them are significant, of which the
impact of COVID-19 on “individual health” is more substan-
tial with OR =4.55 (p value < 0.01) than “interrupted ed-
ucation”, which has OR = 3.03 (p value < 0.01). However,
“interrupted education” has a smaller CI, indicating a higher
precision of the OR. Like M-Flood, the M-COVID-19 shows
that women are more impacted by COVID-19 stressors since
“Gender” has an OR = 0.62 (p value <0.1).

4.3.3 Mixed stressors (M-Mixed)

M-Mixed was developed from M-Flood and M-COVID-19
by adding three significant flood stressors: “Seeing dead hu-
man bodies”, “Livelihood difficulties” and “Being rescued”;
and two significant COVID-19 stressors: “impacts on indi-
vidual health” and “interrupted education”. All significant
variables from M-Flood and M-COVID-19 remain signifi-
cant in the M-Mixed. The results show the changes in ORs
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Table 2. Number of people affected by flood and COVID-19 in 2020. N = number of respondents.

Hai Duong Quang Loi Total

Flood exposure N 200 200 400
Affected by flood in 2020 Yes 136 (97.1%) 188 (98.9 %) 324 (98.2 %)
No 4(2.9%) 2 (1.1%) 6 (1.8 %)

Burden by flood 2020 N 136 188 324
Extremely 2 (1.5 %) 4(2.1%) 6 (1.9 %)

Alot 2 (1.5 %) 55(29.3 %) 57 (17.6 %)

Somewhat 24 (17.6 %) 22 (11.7 %) 46 (14.2 %)

A little 44 (32.4 %) 28 (14.9 %) 72 (22.2 %)

Not at all 64 (47.1 %) 79 (42.0 %) 143 (44.1 %)

Significant flood stressors Livelihood difficulties N 136 188 324
Yes 59 (43 %) 124 (66 %) 183 (56.5 %)

No 77 (57 %) 64 (34 %) 141 (43.5 %)

Being rescued N 130 188 318

Yes 19 (14.6 %) 60 (31.9 %) 79 (24.4 %)

No 111 (85.4%) 128 (68.1 %) 239 (75.6 %)

Seeing dead human bodies N 135 188 323

Yes 11 (8.2 %) 51 (27.1 %) 62 (19.2 %)

No 124 91.8%) 137 (72.9 %) 261 (80.8 %)

COVID-19 exposure N 200 (50.0%) 200 (50.0%) 400 (100.0 %)
Individual diagnosis of Covid-19  Yes, tested and confirmed 59 (29.5 %) 64 (32.0 %) 123 (30.8 %)
Suspected but not tested 7 (3.5 %) 36 (18.0 %) 43 (10.8 %)

No 133 (66.5 %) 99 (49.5 %) 232 (58.0 %)

Don’t know/No answer 1 (0.5 %) 1 (0.5 %) 2 (0.5 %)

Significant COVID-19 stressors .. on your health N 200 200 400
Yes 39 (19.5 %) 75 (37.5 %) 114 (36 %)

No 161 (80.5%) 125 (62.5 %) 286 (64 %)

.. interrupted education N 197 200 397

Yes 37 (18.8 %) 23 (11.5%) 60 (15.8 %)

No 160 (81.2%) 177 (88.5 %) 337 (84.2 %)

in different ways. For the flood domain, the OR of “See-
ing dead human bodies” increases significantly, from 4.93
to 8.67. While ORs of “Livelihood difficulties” and “Be-
ing rescued” slightly decrease from 2.37 to 2.00 and 2.17 to
1.93, respectively, the p-value level remains the same as M-
Flood and M-COVID-19. However, the 95 % CI of these two
variables becomes slightly smaller than M-flood, indicating
higher precision.

For the COVID-19 domain, changes in ORs are also
shown. The OR of the impact on “individual health” reduced
by two, from 4.55 to 2.50, and the p value indicates less sig-
nificance, from < 0.01 to < 0.05, while the 95 % CI becomes
much smaller from 1.45-14.27 to 1.15-5.45, meaning OR
has higher precision. However, “interrupted education” had
a higher effect, with the OR almost doubled, from 3.03 to
5.67, with the exact p value, but a much broader 95 % CI,
from 1.35-6.80 to 1.88-17.11, indicating a less precise OR.

Regarding the contextual variables, it is shown in Table 2
that in M-Flood, M-COVID-19 and M-Mixed, “Gender” is
significant with OR < 1, p values < 0.1, and 95 % CI does
not change much, indicating that women are slightly strongly
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influenced by flood and COVID-19 in their mental health.
Only in M-Mixed, “Age” becomes significant with OR at
1.087339 (p value < 0.05, 95 % CI: 0.86-1.38). This means
some age groups were more affected than others when we
mixed all risk factors into one model. There is no effect for
“Education” in all three models.

4.3.4 Combined impacts (M-Combined)

Finally, four groups were created using the methods de-
scribed in Fig. 2 to understand the combined impacts of
floods and COVID-19. Group (1) “NO flood stress and NO
COVID stress” has 119 people (37.54 %), group (2) “Flood
stress and NO COVID stress” has 120 people (37.85 %),
group (3) “NO flood stress and COVID stress” has 23 people
(7.26 %), and group (4) “Flood stress and Covid stress” has
55 people (17.35 %). Then, we run a multivariable logistic
regression model to find the different mental health suffering
(K6) among those four groups, together with contextual vari-
ables. The outcome presented in Table 4 reveals interesting
information about the combined impact. The OR of the group
(1) is the model’s base. The ORs were demonstrated with
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Table 3. Results of binary logistic models M-Flood, M-COVID-19 and M-Mixed. The values in bold and italics are significant odd ratios.

Domains and direct stressors

Adjusted Odds Ratios (95 % conf. interval)

M-Flood

M-Covid M-Mixed

Flood stressors
Home damage
Livelihood difficulties
Food and water shortage
Suffered unsanitary condition
Suffered medicine/medical care
Being Evacuated
Being rescued
Being seriously injured or ill
Family members/close friends are injured/ill
Unsure of the safety of family members or close friends
Seeing dead human bodies during or after the flood
Loss of family members or close friends in the flood

1.00 (0.43-2.32) -
2.39%% (1.13-5.04) -
1.08 (0.41-2.81) -
1.02 (0.32-3.27) - -
1.52 (0.53-4.41) - -
0.94 (0.42-2.10) - -
2.17% (0.96-4.91) -
0.82 (0.30-2.25) -
1.87 (0.74-4.71) - -
1.31 (0.64-2.68) -
4.93%%%% (1 98_12.27) -
0.91 (0.28-2.97) -

2.00%* (1.03-3.89)

1.93*% (0.98-3.78)

8.67%%% (4.03-18.65)

Covid-19 stressors
.. on your health -
.. someone’s health -
.. social maintenance -
interrupted education -
... Causing household stress -

4.55%%% (1.45-14.27)
0.3762519 (0.11-1.25)
0.83 (0.43-1.60)
3.03%%% (1.35-6.80)
1.59 (0.52-4.80)

2.50%%* (1.15-5.45)

5.67%%% (1.88-17.11)

Gender

0.61% (0.32-1.15)

0.62% (0.36-1.05) 0.56* (0.29-1.05)

Age 1.02 (1.00-1.05)

1.01 (0.99-1.03) 1.09%% (0.86-1.38)

Education

1.10 (0.87-1.40)

1.04 (0.86-1.27) 1.03 (1.00-1.06)

* p value < 0.10, ** p value < 0.05, *** p value < 0.01, **** p value < 0.001. ORs are adjusted with the contextual variables: Gender, Age and Education.

group (1) as the base; group (3), who only faced COVID-19,
had the lowest OR at 2.83 (p value < 0.1). This was followed
by group (2), which suffered flooding only, with an OR of
5.47 (p value < 0.001). Notably, in group (4), showing peo-
ple who experienced both flooding and COVID-19, the OR
is highest at 9.67 (p value < 0.001) (Table 4).

In model M-Combined, the two contextual variables
are significant, including “Gender” with an OR of 0.52
and p value <0.05, and “Age” with an OR of 1.02 and
p value <0.1. This indicates that women are at higher
risk than men and that the different age groups experience
varying levels of effect by the co-occurrence of flood and
COVID-19.

5 Discussion
5.1 Prevalence rates

Our results confirmed that mental health distress exists
among respondents who were exposed to various floods and
COVID-19 impacts. The prevalence of 20 % of respondents
with psychological distress demonstrates the effects on vul-
nerable communities. Even though other research reviewed
by Cruz et al. (2020) and Golitaleb et al. (2022) have used
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different methods and tools for psychological illness assess-
ment, and few of them used mental health distress as the fo-
cus (Butler et al., 2018); our results are consistent with their
findings with similar prevalence. As reviewed by Golitaleb
et al. (2022), all the relevant studies from 2015 to the mid-
dle of 2020 showed that the PTSD prevalence after a flood
is high in all age groups. With the research conducted after
around two to three years, the typical rate of PTSD is almost
20 %. Another review by Cruz et al. (2020) in the UK for
the prevalence of depression, anxiety, and PTSD in popula-
tions exposed to extreme weather events until 12 December
2019; in 17 studies, it was found that within 12 months fol-
lowing extreme weather events, the rate is 19.8 % for anxiety,
21.35 % for depression, and 30.36 % for PTSD.

The findings on COVID-19’s impacts on psychological ill-
ness in various groups are also confirmed. WHO (2022a)
stated that the pandemic has had severe effects on the mental
health and well-being of people around the world. UN (2020)
released a policy brief on the need for action on COVID-
19 and mental health, mentioning the high rate of mental
health distress in some countries, like 35 % in China, 60 %
in Iran and 40 % in the US. At the country level, Fernin-
dez et al. (2020) discovered distress caused by COVID-19 in
Argentina, with participants reporting symptoms of phobic
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Table 4. ORs of the combined impacts of Flood and COVID-19 on the mental health status of respondents in four groups. Values in bold and

italics are highlighting the significance of Contextual Variables.

N =317 Odds P > |z] [95 % conf.
ratio interval]

No Flood stress and No Covid stress  (Base)

No flood stress and Covid stress 2.83 0.116 0.77 | 10.31
Flood stress and No Covid stress 5.47 0.000 2.53 | 11.82
Flood stress and Covid stress 9.67 0.000 4.08 | 2291
Gender 0.52 0.028 0.29 0.93
Age 1.02 0.076 1 1.05
Education 1.06 0.594 0.85 1.32

anxiety (41.3 %), anxiety (31.8 %), depression (27.5 %), and
general distress (27.1 %).

Regarding similar studies on Vietnam, Duong et al. (2020)
surveyed 1385 respondents and found that 36 % of them ex-
perienced psychological distress, 24 % depression, 14 % anx-
iety, and 22 % stress. Hung et al. (2024) conducted a cross-
sectional study among 125 COVID-19 patients in a central-
ized quarantined Ho Chi Minh City community. They re-
vealed that the prevalence of depression, anxiety, and stress
among patients with COVID-19 was 14 %, 21 %, and 20 %,
respectively. Recently, after 4 years, Hoa et al. (2024) found
that among 1596 participants in Northern Vietnam, the preva-
lence of depression, anxiety, sleep disturbance, and cognitive
impairment was 9 %, 17 %, 23 %, and 6 %, respectively. In
Thua Thien Hue, we found one relevant research by Tran
et al. (2024), which explored the impact of the COVID-19
pandemic on returnee migrant workers’ income, psychologi-
cal well-being, and daily life expenses. Their results revealed
that reduced income increases the stress of affected people.

From all the mentioned results, our research fills in the re-
search gap on the mental health distress of flood and COVID-
19 victims, and the 20 % prevalence result is comparable to
that of other research. Therefore, it contributes to an overall
picture of mental health issues in Vietnam and also points
out the more vulnerable groups and areas for mental health
distress. Since then, it has drawn public concern, and the at-
tention of policymakers for supporting policies and action
plans to reduce the psychological impacts of simultaneous
disasters and pandemics.

5.2 Risk factors/stressors

Various types of research have shown that floods have pro-
found effects on the mental health of affected people, in-
cluding frequently flooded areas and developing countries
(Callender et al., 2022; Asim et al., 2019; Fitzgerald et al.,
2020; Cruz et al., 2020; Ede et al., 2022; WHO, 2011). Our
M-Flood and M-COVID-19 results find the most significant
direct stressors that affect psychological illness caused by
floods or the COVID-19 pandemic. Three out of twelve flood
factors are significant in M-Flood, including “Seeing dead
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human bodies” with the highest OR, followed by “Liveli-
hood difficulties” and “being rescued”. These three stres-
sors are mentioned or analyzed in other studies by Mak-
wana (2019), Abass et al. (2022) and Dai et al. (2016), in-
dicating that the psychological vulnerabilities of the suffer-
ers may be followed by displacement of the family, death
of a loved one, and socio-economic loss, etc. According to
NeuroLaunch (2024), the long-term consequences of seeing
dead bodies could be PTSD, depression, persistent sadness
and helplessness, which have profound impacts on individual
lives, relationships, and daily activities. Chapple and Zieb-
land (2010) proved that interviewed bereaved relatives who
saw dead bodies had significantly higher levels of distress
and anxiety than those who did not.

Additionally, Tunstall et al. (2006) found that evacuation
or rescue and disruption could add more stress to the men-
tal health of affected people. Lamond et al. (2015) added
that moving and financial constraints may cause severe men-
tal health issues. These findings raise concerns about liveli-
hood support and rescue planning. Notably, managing the
dead remains of individuals who have died in disasters is
an important issue. There are some guidelines for this situ-
ation, but only to help first responders ensure that the dead
are treated (with dignity) and their subsequent identification
and for outbreak prevention (ICRC, 2018; WHO, 2019). In
our case study, seeing dead bodies directly or indirectly is
associated with the dignity of a dead person and the distress
of survivors. Looking back at 2020, some photos of search
areas with bodies were circulated in the mass media and on
social media. This should be managed differently because it
could lead to profound impacts on the mental health of rela-
tives and other viewers.

Interestingly, we found interaction among stressors from
the M-Mixed when they were put together in one model.
It is shown in Table 3 that in both domains of flood and
COVID-19, among five direct stressors, including “Seeing
dead human bodies”, “Livelihood difficulties”, “Being res-
cued”, “Covid-19 impact on individual health”, and “inter-
rupted education”, two of them had more potent effects on
mental health distress with much higher ORs, which are:
“seeing dead human bodies” and “interrupted education”,
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while three other stressors had decreased ORs. This situa-
tion was explained by Schneiderman et al. (2005), that mul-
tiple facets of stress can work together and be more potent
than a single facet. The association of psychosocial stressors
with illness depends on the types, numbers, and periods of
the stressors (Schneiderman et al., 2005). It reminds us of
a comprehensive assessment of mental health that considers
all potential risk factors in a given situation of co-occurrence,
allowing for a more concise focus on support for the victims.

5.3 Combined mental health impacts

A key question of the current paper is whether there is a cu-
mulative impact from the two disasters. Our findings clearly
reveal that the combined impacts of flooding and COVID-
19 on mental health distress are profound in the model M-
Combined (Table 4). It shows the highest OR for those who
suffered COVID-19 and floods in 2020, compared to flood
victims and COVID-19 patients. These results match the few
other studies on the combined effects of the coincidence
of disasters such as floods and COVID-19 on psychologi-
cal distress. As concluded by Izumi and Shaw (2022), the
co-occurrence of COVID-19 and natural hazards had exten-
sive and compounding impacts and challenges on the mental
health status of affected people. Another example is Callen-
der et al. (2022), who examined the cumulative effects of the
flood caused by Hurricane Harvey, along with income loss
due to COVID-19 in the US. They concluded that multiple
crises have joint impacts on mental health and well-being. In
particular, their research found that for those whom Harvey
severely affected, the odds ratio of having more severe anx-
iety during the pandemic is 5.14 (4.02-6.58) times greater
than among registrants for whom Harvey had no meaning-
ful impact. In another research by Podubinski and Glenister
(2021), it was similarly revealed that affected people have
higher stress symptoms associated with having suffered a
disaster in addition to COVID-19. So, our findings on the im-
pacts of floods and COVID-19 on the psychological distress
of affected individuals are feasible and consistent with previ-
ous studies. Furthermore, from our case study, we have valu-
able contributions to examining the co-effects of floods and
the COVID-19 pandemic on mental distress, such as screen-
ing the prevalence, identifying the risk factors and their in-
teraction, exploring the need for support from at-risk groups
and suggesting prevention solutions.

6 Conclusion

This research was conducted in Thua Thien Hue province,
Central Vietnam, to examine the impacts of flooding and
COVID-19 on the mental health of victims. It highlighted
the combined impacts of these multiple risks in 2020. KOBO
toolbox was used to collect 400 face-to-face surveys in the
two communes, focusing mainly on the K6 scale screening
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tool for the mental health status of affected people and the di-
rect flooding and COVID-19 stressors that local people suf-
fered. Binary logistic regressions and multivariable regres-
sion models were used to predict the magnitude of the in-
fluence of risk factors on the dependent variable, in this case,
the mental health status of respondents via ORs. The research
findings align with other relevant studies and make novel
contributions to the research topic, with the interesting result
of the combined impact of multiple risks. The K6 scale re-
sults confirm that psychological distress exists in the affected
communities. Concerning flooding, “livelihood difficulties”,
“being rescued” and “seeing dead human bodies” are three
significant direct stressors that affect the mental health status
of affected people, whereas “individual health” and “inter-
rupted education” are the two main risk factors of COVID-
19. These five stressors significantly varied when mixed in
one model, proving that they interact with each other. Some
of them have higher ORs, while others have lower ORs, com-
pared to the models for flood or COVID-19 only. Moreover,
the combined impacts of flood and COVID-19 on the psy-
chological illness of victims proved to be significant. The
M-Combined model, which compared groups with different
exposure to flooding and/or COVID stressors, shows us the
highest ORs of those who suffered flood and COVID-19 im-
pacts in 2020.

These findings help address public health problems result-
ing from multiple risks rather than focusing on a single risk.
First, it draws the attention of relevant stakeholders to a sys-
tematic mental health assessment and care service for vulner-
able groups and areas, which are still limited in developing
countries. Second, the findings highlight the need for support
policies and action plans to reduce the psychological impacts
of the coincidence of disasters and pandemics. It is necessary
to provide additional support to at-risk communities. Lastly,
it suggests that some interventions or solutions need to be
carefully implemented during and after disasters to prevent
or mitigate mental health distress. For example, human re-
mains should be well managed, not only for outbreak preven-
tion but also for protecting the dignity of the deceased and
preventing additional distress for the surviving dependents.
Rescue plans need to be rehearsed and well-communicated
in at-risk communities. Other systematic interventions caus-
ing large-scale effects, like school closures, must be care-
fully assessed. For future research, it is necessary to investi-
gate this topic over time (longitudinal study), across differ-
ent areas and groups to better understand the variation and
cumulative impacts of concurrent disasters on mental health,
enabling more effective response and prevention activities.
Also, it would be helpful to have more studies on the need
for support, solutions, and interventions, such as establishing
public health records for social memory and infrastructure
after devastating events, to improve psychological assistance
as part of multi-risk management.
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Table A1l. List of most relevant articles.

No  Author

Atrticle Title

Objective

DOI

1 Callender et al.
(2022)

Economic and mental health
impacts of multiple adverse events:
Hurricane Harvey, other flooding
events, and the COVID-19
pandemic

Objectives: To assess the economic and
mental health impacts of COVID-19 in
the presence of previous exposure to
flooding events.

https://doi.org/10.1016/].
envres.2022.114020

2 Agyapong et al.
(2021)

Mental Health Impacts of Wildfire,
Flooding and COVID-19 on Fort
McMurray School Board Staff and
Other Employees: A Comparative
Study

This study aimed to compare the mental
health of the school board and other Fort
McMurray employees affected by the
2016 wildfires, the 2019 COVID-19
pandemic, and the 2020 floods.

https://doi.org/10.3390/
ijerph19010435

3 Podubinski and
Glenister (2021)

The Pandemic Is Not Occurring in a
Vacuum: The Impact of COVID-19
and Other Disasters on Workforce
Mental Health in Australia

This study aimed to provide insight into
the mental health of Australian workers
during the initial COVID-19 outbreak,
with an additional focus on whether
previous disaster exposure and impact
from that disaster is a risk factor for
increased psychological distress.

https://doi.org/10.1017/
dmp.2021.238

4 Rocha et al.
(2021)

Typhoons During the COVID-19
Pandemic in the Philippines: Impact
of a Double Crises on Mental
Health

This article aims to address the effects of
natural disasters on the mental health of
Filipinos during the COVID-19
pandemic.

https://doi.org/10.1017/
dmp.2021.140

5 Agyapong et al.
(2022)

Cumulative trauma from multiple
natural disasters increases mental
health burden on residents of Fort
McMurray

This article assesses if the number of
traumatic events experienced by residents
of Fort McMurray correlates with the
prevalence and severity of mental health
issues experienced.

https://doi.org/10.1080/
20008198.2022.2059999

6 Flood et al.
(2022)

The impact of COVID-19 on the
mental health of radiography staff
and managers in Northern Ireland,
UK: The radiography managers’
perspective

This study explores radiography
managers’ perceptions regarding the
impact of the COVID-19 pandemic on
the mental health of themselves and their
staff.

https://doi.org/10.1016/j.
radi.2022.06.011

7 Mugha et al.
(2021)

Psychological impact of the third
wave of covid-19 and infodemics
on mental health of medical
teachers of Islamabad, Pakistan

Objective: To determine mental health
problems such as anxiety, depression,
and cognitive-behavioural changes in
medical teachers due to a sudden rise in
COVID-19 cases along with a flood of
social media traffic, mostly
misinformation.

8 Zhai and Lange
(2021)

The Influence of Covid-19 on
Perceived Health Effects of
Wetland Parks in China

This study explores the public’s
perception of the health effects of visiting
wetland parks and the impact of the
pandemic on the perception.

https://doi.org/10.1007/
s13157-021-01505-7
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No  Author

Article Title

Objective

DOI

9 Agyapong et al.
(2023)

Mental Health Impacts of Wildfire,
Flooding and COVID-19: on
educators: A Comparative Study

This study aimed to compare employees
of the school board and other employees
of Fort McMurray with respect to the
impact the 2016 wildfires, the 2019
COVID pandemic, and the 2020 floods
had on their mental health.

https://doi.org/10.1192/j.
eurpsy.2023.2013

10 Zhang and Jia
(2023)

When fate hands you lemons: A
moderated moderation model of
bullying victimization and
psychological distress among
Chinese adolescents during floods
and the COVID-19 pandemic

This study examined the moderating
effects of neuroticism and negotiable fate
on the relationship between bullying
victimization and psychological distress
among Chinese adolescents. This study
included participants who experienced
floods and COVID-19 simultaneously in
2021.

https://doi.org/10.3389/
fpsyg.2023.1010408

11 Shakespeare-
Finch et al.
(2020)

COVID-19: An Australian
Perspective

In Australia, the pandemic came on the
back of the largest bushfire season the
country had seen, which followed a
sequence of climatic disasters involving
drought, cyclones and floods. This study
highlights the mental health risk that may
arise from increased sedentary behavior
with the introduction of lockdown and
physical distancing measures. Also, it
outlines the potently valuable role of
drawing on salutogenic models including
resilience and posttraumatic growth
research for individual and broader
community level need.

https://doi.org/10.1080/
15325024.2020.1780748

12 Liang et al.
(2023)

Latent profiles of psychological
status among populations
cumulatively exposed to a flood and
the recurrence of the COVID-19
pandemic in China

The current study aims to identify the
latent profiles of psychological status and
acceptance of change among Henan
residents who have been cumulatively
exposed to floods and the COVID-19
pandemic.

https://doi.org/10.1016/j.
ijdrr.2022.103520

13 Izumi and Shaw
(2022)

A multi-country comparative
analysis of the impact of COVID-19
and natural hazards in India, Japan,
the Philippines, and USA

This study investigated the impact of
COVID-19 on disaster response and
recovery from various types of hazards
with regard to preparedness, evacuation,
volunteering, early recovery, awareness
and knowledge of different types of
hazards, and preparedness capacity
development. This study targets hazards
such as Cyclone Amphan in India, the
Kumamoto flood in Japan, Typhoon
Rolly in the Philippines, and the
California wildfires in the U.S.

https://doi.org/10.1016/].
1jdrr.2022.102899
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No  Author

Article Title

Objective

DOI

14  Sheehan (2022)

2021 Climate and Health Review —
Uncharted Territory: Extreme
Weather Events and Morbidity

This review summarizes data for 30
major EWESs of 2021 and, based on the
epidemiological literature, discusses
morbidity-related exposures for four
hazards that marked the year: wildfire
smoke, extreme cold and power outages,
extreme precipitation-related flooding,
and drought.

https://doi.org/10.1177/
00207314221082452

15  Jing and Katz
(2021)

An update on psychotic spectrum
disorders and disasters

The aim of this study is to review the
recent literature on disasters’ impact on
the course of psychotic spectrum
disorders (PSDs) and how people with
PSD fare during a disaster, including the
effects of COVID-19.

https:
//doi.org/10.1097/YCO.
0000000000000700

16  Fengetal.
(2023)

The workload change and
depression among emergency
medical staff after the open policy
during COVID-19: a cross-sectional
survey in Shandong, China

This study investigates the workload
change, prevalence, and associated
factors for depression symptoms among
emergency medical staff after the policy
adjustment. Open policies were
associated with higher PHQ-9 scores for
those from grade-B tertiary hospitals.
Hospital administrators should reinforce
the importance of targeted emergency
medical staff support during future
outbreaks.

https://doi.org/10.3389/
fpubh.2023.1281787

17 Kumar and
Somani (2020)

Dealing with Coronavirus anxiety
and OCD

The world is reeling under the crisis
caused by coronavirus disease
(COVID-19); print, electronic and social
media are flooded with numerous
advisories issued by governments and

other national and international agencies.

While all this is being done with the best
of intentions to contain the spread of this
viral disease, this is causing a significant
negative impact on the mental health of
people, especially persons with
obsessive-compulsive disorder with fear
of contamination and excessive washing
of hands.

https://doi.org/10.1016/j.
ajp.2020.102053

18  Tranet al.
(2023)

Interruptions to HIV Care Delivery
During Pandemics and Natural
Disasters: A Qualitative Study of
Challenges and Opportunities From
Frontline Healthcare Providers in
Western Kenya

The goal of this study was to understand
the impact of the COVID-19 pandemic

and recent flooding disasters on HIV care

delivery in western Kenya.

https://doi.org/10.1177/
23259582231152041
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Appendix B

Table B1. Variable summary included for analysis.

Variable name Variable description Variable descriptive
statistics

Dependent variable: K6 mental distress scale Responding to the questions asking about:
How have respondents been feeling during the past 30d?

Nervous Coded: from 0 =None of the time, 1 = A little of the time, 2 = Some of the time, N =400
3 =Most of the time, 4 = All of the time, and 99 =Don’t know/No answer Min =0, Max =3
Mean = 1.04
Hopeless Coded: from 0= None of the time, 1 = A little of the time, 2= Some of the time, N =400
3 =Most of the time, 4 = All of the time, and 99 =Don’t know/No answer Min =0, Max =3
Mean = 0.23
Restless Coded: from 0 =None of the time, 1 = A little of the time, 2 = Some of the time, N =400
3 =Most of the time, 4 = All of the time, and 99 = Don’t know/No answer Min =0, Max =3
Mean = 0.54
Depressed Coded: from 0 =None of the time, 1 = A little of the time, 2 = Some of the time, N =398
3 =Most of the time, 4 = All of the time, and 99 = Don’t know/No answer Min =0, Max =3
Mean = 0.30
Everything was an Coded: from 0 =None of the time, 1= A little of the time, 2 =Some of the time, N =396
effort 3 =Most of the time, 4 = All of the time, and 99 = Don’t know/No answer Min =0, Max =3
Mean = 0.26
Worthless Coded: from 0 =None of the time, 1 = A little of the time, 2 = Some of the time, N =399
3 =Most of the time, 4 = All of the time, and 99 = Don’t know/No answer Min =0, Max =3
Mean = 0.24

Flood stressors

Part 1: During the previous flood in October 2020 and in the aftermath, did you suffer . ..

Home damage Coded: 1 =None, 2= A Little, 3=Some, 4 = A lot, 5 =Extreme, 99 =Don’t N =324
know/No answer Min =1, Max =5,
Mean = 2.69
Livelihood difficulties  Coded: 1 =None, 2 = A Little, 3=Some, 4 = A lot, 5 =Extreme, 99 =Don’t N =324
know/No answer Min=1,Max =5,
Mean = 2.67
Food and water Coded: 1=None, 2=A Little, 3=Some, 4= A lot, 5 =Extreme, 99 =Don’t N =324
shortage know/No answer Min=1,Max =5,
Mean = 2.29
Unsanitary condition Coded: 1 =None, 2=A Little, 3=Some, 4=A lot, 5 =Extreme, 99 =Don’t N =324
know/No answer Min =1, Max =5,
Mean = 2.10
Medicine/medical Coded: 1 =None, 2= A Little, 3=Some, 4 =A lot, 5 =Extreme, 99 =Don’t N =324
care know/No answer Min =1, Max =5,
Mean = 1.90
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Variable name

Variable description

Variable descriptive
statistics

Part 2: Please answer with “yes” or “no” if you had the following experiences during the previous flood in October 2020 . ..

Evacuated Coded: 1=Yes, 0=No, 99 =Don’t know-no answer N =323
Min =0, Max =1,
Mean = 0.69
Rescued Coded: 1 =Yes, 0=No, 99 =Don’t know-no answer N =318
Min =0, Max =1,
Mean = 0.25
Injured/ill Coded: 1 =Yes, 0=No, 99 =Don’t know-no answer N =323
Min =0, Max = 1,
Mean = 0.22
Family Coded: 1 =Yes, 0=No, 99 =Don’t know-no answer N =322
member/close friend Min=0,Max =1,
injured/ill Mean = 0.23
Unsured Safety Coded: 1=Yes, 0=No, 99 =Don’t know-no answer N =302
Min =0, Max =1,
Mean = 0.44
See dead human Coded: 1=Yes, 0=No, 99 =Don’t know-no answer N =323
bodies during/after Min =0, Max = 1,
the flood Mean =0.19
Loss of close family ~ Coded: 1= Yes, 0=No, 99 =Don’t know-no answer N =323
member/close friend Min =0, Max = 1,
Mean = 0.06
COVID-19 stressors: How did COVID-19 impacton...?
Your health Coded: 1 =Not at all, 2= A little, 3 =Somewhat, 4 = A lot, 5 = Extremely, 99 =Don’t N =400
know/No answer Min =1, Max =5,
Mean = 2.05
Somebody else’s Coded: 1 =Not at all, 2= A little, 3 =Somewhat, 4 = A lot, 5 =Extremely, 99 =Don’t N =400
health know/No answer Min =1, Max =5,
Mean = 2.09
Social maintenance Coded: 1 =Not at all, 2= A little, 3 =Somewhat, 4 = A lot, 5 = Extremely, 99 =Don’t N =400
know/No answer Min =1, Max =5,
Mean =2.79
Interrupted Coded: 1 =Not at all, 2= A little, 3 =Somewhat, 4 = A lot, 5 =Extremely, 99 =Don’t N =397
education know/No answer Min =1, Max =5,
Mean = 1.62
Household stress Coded: 1 =Not at all, 2= A little, 3 =Somewhat, 4 = A lot, 5 =Extremely, 99 =Don’t N =400
know/No answer Min =1, Max =5,
Mean =1.79
Domestic Violence Coded: 1 =Not at all, 2= A little, 3 =Somewhat, 4 = A lot, 5 =Extremely, 99 =Don’t N =399
know/No answer Min = 1, Max =4,
Mean = 1.03
Contextual variables
Gender Coded: 1 =Male, 0 =Female N =400,
Mean = 0.47
Age Continuous variable N =400,
Min = 17, Max = 87,
Mean = 49.4
Education level Coded: 1 =No formal education, 2 =Primary, 3 = Secondary, 4 = High School, N =400,
5 =Techinical Diploma, 6 = University Min=1,Max =6
Mean = 2.47
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