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Large-scale protracted population stressors, such as social unrest and the coronavirus disease 2019 (COVID-19),
are associated with increased symptoms of post-traumatic stress disorder (PTSD) and depression. Cost-effective
mental health screening is prerequisite for timely intervention. We developed an online tool to identify pro-
spective predictors of PTSD and depressive symptoms in the context of co-occurring social unrest and COVID-19
in Hong Kong. 150 participants completed baseline and follow-up assessments, with a median duration of 29
days. Three logistic regression models were constructed to assess its discriminative power in predicting PTSD and
depressive symptoms at one month. Receiver-operating characteristic analysis was performed for each model to
determine their optimal decision thresholds. Sensitivity and specificity of the models were 87.1% and 53.8% for
probable PTSD, 77.5% and 63.3% for high-risk depressive symptoms, and 44.7% and 96.4% for no significant
depressive symptoms. The models performed well in discriminating outcomes (AUCs range: 0.769-0.811).
Probable PTSD was predicted by social unrest-related traumatic events, high rumination, and low resilience.
Rumination and resilience also predicted high-risk and no significant depressive symptoms, with COVID-19-
related events also predicting no significant depression risk. Accessible screening of probable mental health

outcomes with good predictive capability may be important for early intervention opportunities.

1. Introduction

Large-scale population-level crises, such as social unrest (Ni et al.,
2020b) and viral epidemics (Rajkumar, 2020; Tang et al., 2020), are
associated with increases in symptoms of post-traumatic stress disorder
(PTSD) and depression. The detection of those at higher risk, i.e., those
whose symptoms do not improve over time, is important for timely
intervention (Kessler et al., 2014). Real-life longitudinal data are
required to inform the development of mental health screening tools
with good predictive capability. Making such tools accessible in
different settings is important, particularly in the recent global context.

A series of escalating social protests and conflicts have taken place in
Hong Kong since June 2019. Rubber bullets, live rounds, tear gas, and
petrol bombs were involved, with thousands of arrests made (Robles,
2019). Elevated levels of PTSD symptoms and depressive symptoms
have been observed even from the initial months (Ni et al., 2020b). The
outbreak of coronavirus 2019 (COVID-19) since January 2020 inflicted

further turmoil on the population. Apart from pandemic-related con-
cerns and social distancing measures, help-seeking via conventional
pathways has also been compromised by concerns over potential
leakage of sensitive personal information, for the fear of persecution or
retaliation. Of note, the adverse combination of prolonged
pandemic-related stress and societal conflicts are being increasingly
encountered worldwide (Bender and Winning, 2020; Ni et al., 2020a).

Past studies have linked exposures to traumatic events in social
conflicts to both PTSD and depressive symptoms (Housen et al., 2017;
Ni et al., 2020b). The longitudinal impact of repeated experiences of
conflict on mental health has been reported (Betancourt et al., 2013;
Silove et al., 2014). In particular, rumination about conflict-related
sentiments has been identified to be one of the key predictors of
symptom outcomes (Silove et al., 2014). Meanwhile, since its emer-
gence, the COVID-19 pandemic has also been observed to trigger PTSD
and depressive symptoms (Liu et al., 2020; Torales et al., 2020). Pre-
liminary cross-sectional findings have suggested the roles of resilience
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and rumination during COVID-19 on mental health (Killgore et al.,
2020; Ye et al., 2020). Few studies, however, addressed the combined
effects of both social unrest and COVID-19 in addition to other
individual-level factors, especially using a longitudinal design. Data
sensitive not only to one-off but also changes in symptomatology over
time would be important to identify individuals who may need (1)
professional attention (for high-risk individuals), (2) continued symp-
tom monitoring (for mild-to-moderate risk individuals), as well as (3)
reassurance (for those who are unlikely to deteriorate).

Smartphone-based assessments enable such accessibility for
addressing the mental health impacts particularly during ongoing
population-level stressful events, but require both brevity and compre-
hensiveness to be engaging so that informative data can be acquired. We
compiled a brief online tool to capture information about exposure to
population trauma, pandemic stress, personal life stressors, as well as
key background risk and protective factors using abridged items from
validated scales whenever possible. The current study evaluated the
longitudinal predictive performance of this tool.

1.1. Aims of the study

We aimed to investigate the effectiveness of the online screening tool
in the prospective prediction of symptoms for potential application in
contexts undergoing ongoing population-level stress. The study tested
the hypotheses that (1) baseline measures of stress exposure, risk and
protective factors, and background factors will predict one-month PTSD
and depressive symptom outcomes and that (2) the tool would have
good predictive discrimination ability.

2. Methods
2.1. Sample

Longitudinal data were obtained from individuals who had
completed an initial assessment and a subsequent follow-up assessment
using a mental health screening tool that was freely accessible online.
The online self-assessment tool, named the “Flow Tool”, was developed
for increasing mental health awareness and helping-seeking using the
Qualtrics survey system (available at https://www.psychiatry.hku.hk/
flow.html). Users of the tool were invited to participate in a more
comprehensive survey of risk and protective factors (reported in Wong
et al., 2020). At baseline, the tool evaluated PTSD symptoms, depressive
symptoms, exposure to social unrest-related traumatic events (TEs),
COVID-19 pandemic-related events (PEs), personal stressful life events
(SLEs), rumination, resilience, and other risk and protective factors.
Participants who completed the baseline assessment were invited to
participate in a follow-up assessment at one month. In response to the
sensitive environment at the time of the study, the tool was designed to
be particularly non-intrusive. Contact information was not demanded
from participants. Follow-up contact was entirely voluntary and strictly
initiated by the participant. Feedback about individual mental health
conditions and advice for symptom management and help-seeking were
provided to all participants after completion. No reimbursement was
given for participation. Data of the initial assessment were collected
between February 21, 2020, and March 6, 2020. A total of 10,110 in-
dividuals completed the initial assessment, of which 2,063 indicated
they may consider participating in the follow-up assessment. The study
was approved by the Institutional Review Board of the University of
Hong Kong/Hospital Authority Hong Kong West Cluster.

2.2. Demographic information and background factors

Demographic information included gender (female, male, others),
age (<25 years, 25-44 years, >45 years), and education level (primary
education or below, secondary education, bachelor’s degree or above).
Past adversity experienced before the age of ten was assessed using a
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checklist that included “parents absent from home continuously for a
significant period of time” to “bullied at school”, “loss of a parent”,

“physical abuse”, “emotional abuse”, “sexual abuse”, and “others”. Past
psychiatric history was also noted.

2.3. PTSD and depressive symptoms

PTSD symptoms were assessed using the ten-item Traumatic
Screening Questionnaire (TSQ; Brewin et al., 2002). For those who
identified a target traumatic event, a cut-off of six points was adopted in
the current study to differentiate between low and high risk for PTSD
with reference to previous studies (Brewin et al., 2002; Gouweloos--
Trines et al., 2019). The TSQ has been demonstrated to have good in-
ternal consistency in a Hong Kong epidemiological sample (a=0.93),
with a sensitivity of 0.93 and specificity of 0.68 (Wu et al., 2019).
Depressive symptoms were assessed using the depression subscale of the
Depression, Anxiety and Stress Scales (DASS-D; Lovibond and Lovibond,
1995a). The Chinese version of DASS-D has also been demonstrated to
have good reliability (a=0.82; Lu et al., 2018). A score of 13 or below
indicated normal to mild symptoms, 14 to 20 indicated moderate
severity, and 21 or above indicated severe to very severe symptoms
(Lovibond and Lovibond, 1995b). We adopted the cut-off of 13 or below
in the DASS-D to define symptoms suggesting no significant risk for
depression, and 21 or above to define high-risk depressive symptoms. In
the current study, the internal consistency of TSQ and DASS-D was good
at both baseline (TSQ: a=0.89, DASS-D: a=0.87) and follow-up (TSQ:
a=0.89, DASS-D: 0=0.89).

2.4. External triggering events

Context-relevant checklists were constructed after consultations
with local community members and mental health professionals to
assess experiences of (1) TEs, (2) PEs, and (3) SLEs. For instance, TEs
were asked using the item “Have you experienced any of the following
events since June 2019?”, with the checklist options including “personal

e

experience of physical attack”, “sexual violence”, “arrest or detention”,
“targeted verbal assaults or threats”, “crowd dispersal by the use of
force”, “witnessing violent attacks on others”, “media viewing of
disruptive actions”, and “media viewing of others being attacked”. Op-
tions for PEs (since January 2020) included “lack of protective gear”,
“working in high-risk environments”, “placed under quarantine”,
“family members or significant others affected”, “feeling lost about the
future”, and “others”. SLEs (since June 2019) included “conflict with

2 2

family”, “conflict with friends”, “being bullied”, “being abused (phys-

(LT3

ical, emotional, sexual)”, “self-initiated termination of employment or

2

studies”, “dismissal from job or expelled from school”, “serious physical
health conditions”, “passing away of a significant other”, “experience of
legal actions or being charged”, and “others”. A composite score was
generated for each of these three triggering event categories, respec-

tively, by summing the number of experiences endorsed.
2.5. Psychological factors

Rumination in the current study was defined as frequent repetitive
thoughts to the extent that disruptions to other current tasks are caused.
Four specific themes of ruminative thoughts were identified through
interviews with 36 laypersons and mental health professionals, namely
anger, injustice, guilt, and insecurity. For each of these four themes, one
item was first used to determine the extent to which the psychological
reaction experienced, with a second item assessing the frequency which
the ruminative thoughts relating to the theme was experienced (see
Supplementary Material S1). The sum of the four rumination items was
used to compute a final composite rumination score. The internal con-
sistency of the rumination items was good in this study («=0.81).

The content and face validity of the rumination items over their
clarity, relevance, understandability, and importance was assessed by
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eleven panel members (consisting of five experts and six laypersons).
The ratings are summarized into indexes according to the following
established criteria: (1) content validity ratio (CVR)>0.62 (Lawshe,
1975); (2) item-level content validity index (I-CVI)>0.79 (Polit and
Beck, 2006); (3) scale-level CVI (S-CVI)>0.90 (Polit and Beck, 2006),
and (4) impact score>1.5 (Lacasse et al., 2002). All rumination items
showed good content and face validity (CVR range=0.64-1.00; I-CVI
range=0.91-1.00; S-CVI=0.95; impact score range=3.42-4.73).

Resilience was assessed with an abridge version of the Connor-
Davidson Resilience Scale (Connor and Davidson, 2003) with three
items (which we refer to as CD-RISC3 here): “able to adapt to change"
(item 1), "can deal with whatever comes" (item 4), and "not easily
discouraged by failure" (item 16). Each item was rated on a five-point
Likert scale (from O “not true at all” to 4 “true nearly all of the time).
The 10-item CD-RISC (CD-RISC-10) has been validated in Chinese
populations (Yu and Zhang, 2007).

The internal consistency and construct validity of the CD-RISC3 used
in the current study have been tested using data from a separate com-
munity youth sample in Hong Kong by our team (n=84, mean
age=20.02, SD=2.80). Cronbach’s a for CD-RISC3 was 0.74 in this
epidemiological sample. The three-item scale was strongly correlated
with CD-RISC-10 (r=0.88, p<0.001). As in previous studies (van der
Meer et al., 2018; Yu and Zhang, 2007), convergent and discriminant
validity were assessed against depressive symptoms (using the Patient
Health Questionnaire-9; Kroenke et al., 2001) and PTSD symptoms
(TSQ; Brewin et al., 2002). Significant negative associations were
demonstrated between the CD-RISC3 and both depressive (r=-0.33,
p<0.01) and PTSD (r=-0.23, p=0.037) symptoms.

2.6. Data analysis

All statistical analyses were performed using SPSS 25.0 (IBM SPSS
Statistics, New York, United States). We used logistic regression models
to identify baseline predictors of follow-up outcomes. Binary outcomes
for PTSD and depressive symptoms were derived from follow-up TSQ
and DASS-D scores (probable PTSD: TSQ>6; high-risk depressive
symptoms: DASS-D>21; no significant depressive symptoms: DASS-
D<14). Separate regression models were constructed for each of these
symptom outcomes.

As depressive symptoms could present in the community over a wide
spectrum of severity, from “near to none” to “severe”, the screening
objective was to identify (1) those predicted to develop severe symp-
toms, who should be advised to seek professional help, and (2) those
predicted to have no significant symptoms at follow-up. We therefore
used two separate models for (1) high-risk depressive symptoms and (2)
no significant depressive symptoms using the conventional cut-offs in
DASS-D. For those in between these two thresholds (i.e., those who may
present mild-to-moderate risk for depression), further monitoring would
be advised (Steyerberg, 2019).

Candidate predictor variables for the three models were selected
based on a priori theoretical grounds, which included TEs, PEs, SLEs,
rumination, resilience, and past adversity (potential predictors), as well
as age, gender, and past psychiatric history (controlled variables). Due
to the small number of participants aged 45 years or above, the three age
groups were conflated into two groups of below 25 years and 25 years or
above. For the same reason, those who reported neither females nor
males for gender were excluded in the current analyses.

Descriptive statistics were generated for all variables. Chi-square test
and t-test were performed with the potential predictors on each three
binary symptom outcomes at the significance level of 0.05. One-sample
t-test was also performed to compare baseline and follow-up symptom
scores.

Variables for inclusion in the final models were selected according to
the procedures of the purposeful variable selection method (Hosmer Jr
and Lemeshow, 2000). We adopted this methodology because the steps
involved in the procedure allows for retaining not only significant
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variables in the final model, but also those with confounding effects
(Bursac et al.,, 2008), which has the potential for building more
comprehensive prediction models. In the first step, potential predictor
variables significant at the p<0.25 level in the univariate analyses were
included in the initial multivariate regression models for further testing.
Second, the significance of these individual variables was tested in the
multivariate context. Variables significant at the p<0.10 level, or if their
exclusion resulted in a magnitude change of over 20% in any other co-
efficients, were retained in the final logistic regression models (Hosmer
Jr et al., 2013). Third, variables not significant in the first step (p>0.25
in univariate analyses) were individually added back to the respective
multivariate model for testing and were retained if above criteria were
met. Age, gender, and past psychiatric history were included in the final
models as controlled variables.

Following the above procedures, the potential predictors included in
the final regression models were TEs, PEs, SLEs, rumination, and resil-
ience for probable PTSD. The same set of potential predictors was
identified for no significant depressive symptoms. Meanwhile, rumina-
tion, resilience, and past adversity were included in the final model for
high-risk depressive symptoms (Table 2).

A receiver-operating characteristic (ROC) curve was constructed for
each of the three models, with the area under the curve (AUC) evaluated
to assess their discriminatory power. Sensitivity (true positive rate),
specificity (true negative rate), positive predictive value (PPV), and
negative predictive value (NPV) were also calculated. False-negative
rate (FPR) and false-positive rate (FNR) were generated with the
following  formulae: = FPR=1-Specificity; = FNR=1—Sensitivity,
respectively.

To identify the optimal decision threshold for each model, we took
reference from the Youden index (Sensitivity+Specificity—1; Youden,
1950), which is a summary measure of ROC that offers an indicator for a
threshold value that maximizes sensitivity and specificity (Bohning
et al., 2008). Nonetheless, particularly in the community setting,
avoiding false-negative errors is arguably more important than avoiding
false-positives (Steyerberg, 2019). We therefore applied this principle to
determine the cut-off for probable PTSD. Meanwhile for depressive
symptoms, we executed a two-stage process to predict (1) those with
persistent high-risk depressive symptoms, and (2) those with no signif-
icant depressive symptoms.

3. Results
3.1. Descriptive statistics of the sample

150 participants completed the follow-up survey. The median
follow-up time since baseline assessment was 29.5 days (IQR=24-48).
Among the participants, 67.3% (n=101) aged below 25 years and 74.7%
(n=112) were females. Forty-nine percent (n=74) reported secondary
education as their highest education level and 50% (n=75) reported
having a bachelor’s degree or above. Descriptive statistics of other
predictors are presented in Table 1. Proportions of those reporting
exposure to TEs, PEs, and SLEs are included in Supplementary Material
Table S2. For PTSD symptoms, the mean TSQ score was 5.29 (SD=3.44)
at baseline and 4.89 (SD=3.50) at follow-up (p<0.001). Their mean
DASS-D score was 22.93 (SD=9.79) at baseline and 20.85 (SD=10.29) at
follow-up (p<0.001). A higher proportion of females presented with no
significant depressive symptoms at baseline compared to males (17.9%
vs 5%), X2(1, N=150)=3.596, p=0.058.

3.2. Prospective prediction of probable PTSD

We conducted a logistic regression to see how well baseline measures
can predict higher levels of PTSD symptoms (TSQ>6) after one month.
Prospective predictors of probable PTSD were first identified using a
logistic regression model (Table 2). Significant predictors PTSD included
TEs (odds ratio [OR]=1.49, 95% CI, 1.111-1.998, p=0.008), rumination
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Table 1

Sample characteristics at baseline for each PTSD and depressive symptom subgroup.
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Overall PTSD symptoms (TSQ<6 vs >6) Depressive symptoms (DASS-D<21 vs Depressive symptoms (DASS-D<14
(n=150) >21) vs>14)
TSQ<6 TSQ>6 DASS-D<21 DASS-D>21 p DASS-D<14 DASS-D>14 P
(n=65) (n=85) (n=79) (n=71) (n=38) (n=112)
Demographic
factors, n (%)
Aged <25 101 (67.3) 36 (35.6) 65 (64.4) 0.006 46 (45.5) 55 (54.5) 0.012 23 (22.8) 78 (77.2) 0.300
years
Female gender 112 (74.7) 50 (44.6) 62 (55.4) 0.578 64 (57.1) 48 (42.9) 0.059 32 (28.6) 80 (71.4) 0.117
Psychiatric 31 (20.7) 10 (32.3) 21 (67.7) 0.162 14 (45.2) 17 (54.8) 0.347 8(25.8) 23(74.2) 0.946
history
Stress exposure
TEs 3.35 (1.56) 2.77 3.80 0.000 3.14 (1.47) 3.59 (1.63) 0.076 2.87 (1.42) 3.52 (1.58) 0.026
(1.43) (1.51)
PEs 1.58 (0.78) 1.51 1.64 0.322  1.57 (0.80) 1.59 (0.77) 0.864  1.26 (0.69) 1.69 (0.78) 0.003
(0.79) (0.77)
SLEs 1.51 (1.15) 1.18 1.75 0.002  1.38 (1.04) 1.65 (1.24) 0.153  1.18 (1.06) 1.62 (1.16) 0.044
(0.95) (1.22)
Psychological
factors
Rumination 5.56 (2.77) 4.52 6.35 0.000  4.56 (2.44) 6.68 (2.70) 0.000  4.21 (2.64) 6.02 (2.67) 0.000
(2.62) (2.63)
Resilience 5.73 (2.31) 6.34 5.27 0.005 6.14 (2.02) 5.28 (2.53) 0.024 6.66 (1.89) 5.42 (2.36) 0.004
(2.20) (2.30)
Background factor
Past adversity 1.13(1.21) 0.97 1.26 0.146 1.15(1.14) 1.11 (1.28) 0.843 1.08 (1.24) 1.15(1.20) 0.749
(1.10) 1.27)

Group comparisons were performed using chi-square test for categorical variables and independent t-test for continuous variables. Statistics are presented in the form
of means and standard deviations, unless stated otherwise. DASS-D=depression subscale of the Depression, Anxiety and Stress Scales; PEs=coronavirus 2019
pandemic-related events; PTSD=post-traumatic stress disorder; SLEs=personal stressful life events; TEs=social unrest-related traumatic events; TSQ=Trauma

Screening Questionnaire.

Table 2

Logistic regression models for probable PTSD, high-risk depressive symptoms, and no significant depressive symptoms.

Probable PTSD

High-risk depressive symptoms

No significant depressive symptoms

OR 95% CI p OR 95% CI p OR 95% CI p
>25 years Ref Ref Ref
<25 years 2.02 0.91-4.49 0.085 2.17 0.98-4.84 0.058 0.96 0.39-2.38 0.933
Male Ref Ref Ref
Female 0.86 0.34-2.15 0.74 0.36 0.15-0.88 0.024 3.41 1.07-10.93 0.039
No psychiatric history Ref Ref Ref
Has psychiatric history 0.81 0.30-2.23 0.69 0.84 0.31-2.28 0.732 2.62 0.86-7.99 0.090
TEs 1.49 1.11-2.00 0.01 - - - 0.86 0.62-1.18 0.341
PEs 1.25 0.77-2.04 0.37 0.43 0.23-0.78 0.006
SLEs 1.36 0.94-1.96 0.11 - - - 0.79 0.49-1.25 0.308
Rumination 1.19 1.02-1.38 0.03 1.38 1.18-1.61 0.000 0.81 0.68-0.96 0.017
Resilience 0.82 0.68-0.98 0.03 0.84 0.71-0.99 0.041 1.37 1.10-1.71 0.005
Past adversity - - - 0.80 0.58-1.12 0.199 - - -

PEs=coronavirus 2019 pandemic-related events; PTSD=post-traumatic stress disorder; SLEs=personal stressful life events; TEs=social unrest-related traumatic events.

(OR=1.187, CI, 1.02-1.383, p=0.027), and resilience (OR=0.817, CI,
0.682-0.98, p=0.029). The AUC of the model (Fig. 1a) was 0.778 (CI,
0.703-0.851), suggesting acceptable discrimination (Hosmer Jr et al.,
2013). Using the optimal cut-off of 0.422 identified, the accuracy of the
model was 72.7%, with 87.1% sensitivity (12.9% FNR), 53.8% speci-
ficity (46.2% FPR), 71.2% PPV, and 76.1% NPV. Using baseline data, it
was possible to correctly identify 87.1% of those who had high-risk
PTSD symptoms one month later.

3.3. Prospective prediction of high-risk depressive symptoms

A separate logistic regression was conducted to examine how well
baseline measures could predict higher risks of depressive symptoms
(DASS>21) after one month. For high-risk depressive symptoms, rumi-
nation (OR=1.377, CI, 1.177-1.612, p<0.001), resilience (OR=0.839,
CI, 0.709-0.993, p=0.041), and female gender (OR=0.362, CI,
0.149-0.877, p=0.024) were significant predictors (Table 2). Age was

marginally significant (OR=2.172, CI, 0.975-4.839, p=0.058). The
discriminatory ability of the model was acceptable, indicated by an AUC
of 0.769 (CI, 0.694-0.844; Fig. 1b). Using the cut-off of 0.426, the model
demonstrated 70.0% accuracy, 77.5% sensitivity (22.5% FNR), 63.3%
specificity (36.7% FPR), 65.5% PPV, and 75.8% NPV. The findings
showed that baseline data could correctly identify 77.5% of those who
had high depressive symptoms one month later.

3.4. Prospective prediction of no significant depressive symptoms

In the third model, we aimed to identify those with no significant
depressive symptoms after one month using baseline variables. In this
model, we were cautious to choose a discriminant threshold to minimize
the chance of falsely predicting individuals as having no significant risk,
yet turn out to present significant symptoms one month later. We found
that PEs (OR=0.428, CI, 0.234-0.782, p=0.006), rumination
(OR=0.805, CI, 0.675-0.962, p=0.017), resilience (OR=1.372, CI,
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Fig. 1. Receiver-operating characteristic (ROC) curves for probable PTSD (a);
high-risk depressive symptoms (b); and no significant depressive symptoms (c).

1.103-1.708, p=0.005), and female gender (OR=3.413, CI,
1.066-10.934, p=0.039) were significant predictors of no significant
depressive symptoms (Table 2). The discriminatory ability of the model
was excellent (Hosmer Jr et al., 2013) with an AUC of 0.811 (CI,
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0.694-0.844; Fig. 1c). With the optimal threshold of 0.495, the accuracy
of the model was 83.3%, with 44.7% sensitivity (55.3% FNR), 96.4%
specificity (3.6% FPR), 81% PPV, and 83.7% NPV. The model correctly
identified 44.7% of those with no significant depressive symptoms at
one month, such that many who were initially predicted to have
increased symptomatology turned out to have no significant symptoms
at follow-up. However, importantly, for those predicted to have no
significant symptoms at one month, 96.4% actually had no significant
symptoms at one month (i.e., only 3.6% of those predicted to have low
risk turned out to present significant symptoms).

4. Discussion

The unique feature of this study was the use of a highly efficient
online survey tool to generate prospective estimations of future clinical
states. We assessed the ability of the tool to identify those with specific
ranges of future symptomatic outcomes following exposure to different
types of community-level and personal-level stress events (TEs, PEs, and
SLEs). We showed that the simple tool was able to predict one-month
outcomes with acceptable to excellent discrimination.

Overall, our goals were to identify (1) those likely to develop prob-
able PTSD symptomatology, (2) those likely to develop high-risk
depressive symptomatology, and (3) those likely to be free from signif-
icant depressive symptomatology (low risk). We used two different
thresholds for predicting depressive symptoms to inform subsequent
follow-up actions: (a) for those at high risk, we hoped to attain a model
with high sensitivity to minimize the chance of missing severe cases, so
that prompt professional help can be advised, and (b) for those with no
significant symptoms, good model specificity is desired so that the ma-
jority would be true low-risk cases, for whom reassurance could be
given. Meanwhile, for those who were in between (a) and (b), we advise
further observations and evaluation.

In relation to these goals, our tool was able to (1) correctly predict
87.1% (sensitivity) of those with probable PTSD in one-month (which
was close to that observed for TSQ in a previous study; Mouthaan et al.,
2014) and (2) correctly predict 77.5% of those likely to develop
high-risk depressive symptoms. In addition, of those who were predicted
to have no significant depressive symptoms, 96.4% actually turned out
not to have significant symptoms at one month.

Through the three regression models, we found that higher baseline
levels of rumination and lower resilience were predictive of probable
PTSD one month later, while the reverse (i.e., lower rumination and
higher resilience) predicted absence of significant depressive symptoms.
These findings are consistent with previous observations that rumina-
tion may be a significant risk factor (Ehring et al., 2008; Nolen-Hoek-
sema et al., 2008), and resilience a protective factor (Ying et al., 2014)
for PTSD and depression. Our study extended these observations to show
their roles in predicting one-month outcomes in community members
using an accessible online tool. As both rumination and resilience have
been suggested to be transdiagnostic and modifiable factors (Hoge et al.,
2007; Nolen-Hoeksema and Watkins, 2011), our tool may help to inform
early detection of those at greater mental health risks, as well as have
implications for earlier intervention opportunities. Preventative psy-
chological interventions to reduce rumination, and also to enhance
resilience, may help to reduce distress due to PTSD and depressive
symptoms and the emergence of full-blown disorders in the respective
domains. This would be particularly important in the context of pro-
tracted ongoing population stress.

Interestingly, greater exposure to TEs predicted probable PTSD and
not depressive symptoms, while experiences of PEs were related to
depressive symptoms, but not PTSD symptoms. The specific TEs-PTSD
and PEs-depressive relationships suggest that while some mechanisms
may be shared between the two symptom clusters (i.e., rumination and
resilience), differential underlying pathways may also be implicated in
the manifestation of PTSD and depressive symptomatology as a result of
TEs and PEs, such as the involvement of fear and threat brain systems in
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PTSD (Gray et al., 2004), together with neural pathways related to
learned helplessness in depression (Hammen, 2005), respectively.

In addition, we found that in our study context, females were less
likely than males to show continued expression of high-risk depressive
symptoms. This may relate to the observation that males who partici-
pated in the follow-up survey had a higher level of baseline depressive
symptoms. This may be a reflection of the gender difference in help-
seeking that is also seen in other studies (Barney et al., 2006; Hender-
son et al., 2013), including online interventions (Crisp and Griffiths,
2014).

4.1. Strengths and limitations

Our use of an online platform enabled us to engage populations
otherwise difficult to reach (Batterham, 2014). It was also highly
cost-effective and could facilitate timely assessment in response to
population-level stress events. Such advantages appeared to be partic-
ularly important in rapidly changing circumstances, such as COVID-19
and social unrest, which are being encountered in an increasing num-
ber of communities (Heiervang and Goodman, 2011; McVeigh, 2020).
Nonetheless, because of the online nature of this study, participants
were from a non-random sample. Although robust patterns of associa-
tion between variables have been demonstrated in Internet-based
studies (Heiervang and Goodman, 2011), we still note that caution
should be taken in generalizing the study findings to the population. Due
to the small sample size, we were unable to include gender non-binary
individuals in this study. It is possible that these individuals may be
more vulnerable to stressful events, including in times of conflict
(Moore and Barner, 2017), and at a greater risk of more severe distress
(Chan et al., 2020; Russell and Fish, 2016). How these individuals might
be impacted by multiple population-level stressors in addition to per-
sonal stress requires further study.

While more in-depth psychopathological assessments would un-
doubtedly be required for greater accuracy, their implementation is
much more difficult with the constraints of high costs, low accessibility,
and expert manpower required. Online screening and assessment could
alleviate the burden in these aspects and overcome the issue of restricted
face-to-face contact, especially in times of prolonged social unrest and
global pandemic.

We acknowledge that prospective models for other purposes, such as
clinical diagnosis, may involve greater considerations for FPR, since
erroneous diagnostic decisions could increase costs to the individual (e.
g., stigma, intervention costs) as well as to the healthcare system (e.g.,
increased unnecessary intervention for low-risk cases when resources
are limited). In the case of a prospective screening model, the cost/
benefit considerations may favor putting more weight on FNR rather
than FPR, as the screening outcome does not confer a diagnosis leading
to treatment, but a recommendation for professional evaluation which
can have a gatekeeping function for interventional resources. The cur-
rent study established the feasibility and initial predictive capability of
such a screening tool. It would be desirable to further validate the
models in other samples and contexts.

In conclusion, we demonstrated the potential utility of a brief, low-
cost online tool for predicting prospective mental health outcomes.
Our study provided insights into the assessment of PTSD and depressive
symptoms in the community amid ongoing community stress. The fac-
tors we identified could facilitate prediction of symptom persistence and
escalation. Especially in times of widespread uncertainties, early
detection of individual risk and needs is vital for efficient allocation of
limited resources in the community.
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