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Background: Medical workers have been increasingly involved in emergent public health events, which can lead to severe stress. 
However, no standardized, officially recognized, unified tool exists for mental distress measurement in medical workers who 
experienced the public health events.
Purpose: In the present study, we propose the Global Health Events-Mental Stress Scale (GHE-MSS), as a revised version of the 
Impact of Event Scale-Revision (IES-R), for assessment of medical workers’ acute mental stress responses within one month and their 
chronic mental stress responses within six months after major health events.
Patients and methods: The IES-R was slightly modified, developed, and its reliability and validity were tested using the Delphi 
survey, primary survey with 115 participants, formal survey with 300 participants, and clinical evaluation with 566 participants.
Results: Exploratory factor analysis and confirmatory factor analysis confirmed a promising validity of the scale. The values of 
Cronbach’s alpha coefficient, the Spearman-Brown coefficient, and the retested Cronbach’s alpha coefficient of the scale applied for 
the clinical evaluation were 0.88, 0.87, and 0.98, respectively, which confirmed a good internal consistency and stability. The results of 
the goodness-of-fit test indicated a good adaptation of the model. A correlation analysis was conducted to assess the correlation 
between the GHE-MSS and the PCL-C, which had a correlation coefficient of 0.68 (P<0.01).
Conclusion: GHE-MSS can be applied with a promising reliability and validity for the assessment of the acute mental stress response of 
medical workers experiencing public health events. This method can also be used for the screening of mental stress-associated disorders.
Keywords: IES-R, global health events, mental stress scale, medical workers, mental disorders, mental stress responses

Introduction
A large number of people worldwide are annually infected and killed by epidemic diseases.1–5 Due to the tremendous 
pressure of the epidemic, medical workers fighting the epidemic are prone to negative impacts of physical deterioration 
and fatigue, including physical exhaustion and mental disorders. On the psychological level, such medical workers face 
traumatic reactions, interpersonal difficulties, communication problems, loss of faith in fairness and kindness, and severe 
mental disorders (eg, depression). These challenges further reveal the link among interpersonal difficulties, traumatic 
reactions, and negative clinical outcome such as suicidal behavior.6 In a previous study, measures of affective tempera-
ment-types were independently and more strongly associated with lifetime suicide attempts than was diagnosis of a major 
affective disorder or other variables.7

The development of public health strategies largely depends on social and behavioral changes. Therefore, it is crucial 
to evaluate and compare the behavioral and stress responses to public health events.8 Although several investigations 
have been concentrated on the psychological anxiety and sleep quality assessment for medical workers,9–15 currently, no 
standardized, officially recognized, unified scale exists for the measurement of medical workers’ mental stress responses 
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after experiencing public health events. Most people experience distress after their exposure to an extreme event. In case 
of good psychosocial resilience and access to social support, the distress of such people may be relatively transient, and 
adaptation processes can soon be initiated.16 However, in a minority of patients, a mental health disorder is developed 
from one to six months after a traumatic event; nevertheless, treatment after one year of such an encounter can often 
provide satisfactory therapeutic results.17 Therefore, the development of a mental stress scale for medical workers, 
especially after experiencing public health events, is essential for early diagnosis and timely treatment of mental 
disorders.18

The Impact of Event Scale-Revision (IES-R)19 is a tool utilized to evaluate post-traumatic stress disorder (PTSD). 
The original IES-R requires subjects to respond to their psychological conditions in a specific stressful environment in 
the past week. In the present study, we assumed that after experiencing public health events, medical workers would 
prefer the use of self-test scales specifically developed for the medical population rather than ones employed for 
assessment in the general population. Here, we propose GHE-MSS as an addition to the existing established measures 
of medical workers’ acute mental disorder rather than a replacement.

Methods
Ethics Statement
The present study was approved by the Ethics Committee of Shantou Central Hospital (Shantou, China; Approval 
No. 2020-Ke-Yan (011)). This research was conducted in compliance with the Declaration of Helsinki. Informed consent 
was obtained from all the participants.

Development of the Scale
Design of the Survey
Modifications to the original IES-R questionnaire were performed accordingly. We modified the original questionnaire as 
follows: we changed “Below is a list of difficulties that people sometimes experience after stressful events” to “The 
following questions relates to thoughts, feelings, and behaviors after participating in the treatment of public epidemic 
diseases”. In addition, we replaced “it” in the items 1, 3, 5, 6, 7, 8, 9, 11, 12, 13, 16, 17, 19, 20, and 22 with “the 
treatment experience”. We also added “After providing treatment” to items 2, 4, 10, 15, 18, and 21, and to change “that 
time” to “the treatment time” in item 14.

The Delphi Survey
Two rounds of the Delphi survey were undertaken to evaluate 22 items and validate the content. The first step of the 
Delphi survey was to determine the number of experts based on the specific research content. Usually, 17–30 experts are 
selected for exploring underlying information or assumptions. However, 4–16 experts could be selected for consultations 
to obtain satisfactory answers for an ordinary topic, such as slight modifications of an existing psychological scale.20 In 
the present study, a total number of ten experts were selected by the convenience sampling method: three psychologists, 
five neuropsychologists, and two psychiatrists invited from a psychological services clinic, a neurology clinic, and 
a mental health center of two tertiary hospitals. In addition, experts could access the questionnaire through software, 
namely “questionnaire star and email”. The questionnaires that were not filled out in accordance with the instructions 
were treated as invalid and were not included in the data processing. The data collected in the first round, were directly 
displayed in the second round after statistical analysis. The second round of expert consultation questionnaires was 
issued, and data were collected for subsequent analysis. Finally, the experts made judgments based on the importance of 
each indicator. The newly developed scale, GHE-MSS, is a revised version of IES-R.19 The revised Delphi survey was 
previously applied to the Chinese version of the IES-R.21 The content of Chinese version of GHE-MSS was further 
verified by back-translation until the meaning of each item was matched with the original item of GHE-MSS. Finally, the 
Chinese and English GHE-MSS versions were released. The agreement of each item was evaluated using the five-point 
Likert’s scale (five = strongly agree, four = agree, three = neutral, two = disagree, and one = strongly disagree). The 
quality control of the Delphi survey was based on the following criteria: (1) The return rate of the questionnaire used to 
measure the positive degree marks given by experts on this questionnaire;22 (2) The authoritative coefficient (Cr) was 
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composed of the basis of expert judgment (Ca) and the expert familiarity with the questions (Cs). The formula applied 
was Cr = (Ca + Cs)/2. The values of Ca and Cs were obtained through expert self-evaluation.23 The mean and coefficient 
of variation were used to describe experts’ opinions. The screening and revision of the items were carried out on the basis 
of mean > 3.5 and coefficient of variation < 0.25.24 The Kendall coefficient was implemented to indicate the level of 
consensus among experts’ opinions, where Kendall coefficient > 0.7 indicated credibility.25 The authority degree of the 
experts was expressed by the authority coefficient, and an authority coefficient > 0.7 showed high authority of the 
experts.

Testing of the Proposed Scale
Participants were asked to complete an online socio-demographic questionnaire (eg, data on sex, identity, and technical 
titles) via WeChat and Wen-juan Star software. All personal information including demographic was anonymized to 
maintain and protect confidentiality. Then, the subjects were asked to fill the questionnaire after familiarizing with the 
introductory part attached to the form to better understand the aim of the research. Next, the participants were prompted 
to answer questions and to complete the GHE-MSS.

Here, the target subjects were medical workers who had participated in the frontline treatment of COVID-19 since its 
outbreak in December 2019. The inclusion criteria applied were as follows: (1) medical workers’ age ≥ 18 years; (2) 
medical workers with valid practicing certificates; (3) participation in the prevention, diagnosis, and treatment of 
COVID-19 for at least two weeks; and (4) voluntary participation in this research. Hospital administrative workers, 
professional researchers, non-clinical nurses, and non-doctors were excluded from the study cohort. The sample size in 
the primary survey was set to be at least five-fold higher than the number of the entries, and the sample size in the formal 
survey was set to be at least ten-fold higher than the number of the entries26 (Figure 1).

1. The IES-R19 is a 22-item self-report measure that assesses subjective distress caused by traumatic events, but it is 
not appropriate for PTSD diagnosis. Items are rated on a five-point scale, ranging from zero (“not at all”) to four 
(“extremely”). The IES-R yields a total score (ranging from zero to 88), and intrusion, avoidance, and hyperar-
ousal subscale scores can also be calculated. Scores exceeding a value of 24 are quite meaningful. Those with such 
high scores, who do not have full PTSD, would have partial PTSD or at least some of the symptoms.27

2. PTSD Checklist-civilian Version (PCL-C). The PCL is a standardized self-report rating scale for PTSD 
comprising 17 items that correspond to the key symptoms of PTSD. Currently, two versions of the PCL 
exist: 1) PCL-M that is specific to PTSD caused by military experience and 2) PCL-C that is applied to any 
traumatic events. PCL-C was utilized in this study based on the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV). Scores for each question ranged from zero (not at all) to five (extremely). 
A total symptom severity score (range=17–85) can be obtained by summing the scores for each of the 17 items. 

Figure 1 Flow chart of the study process.
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The best PCL-C cut-off score is used to screen PTSD.28–30 This approach for diagnosing PTSD has shown 
reasonable sensitivity (0.60) and a high specificity (0.99).31 The PCL-C was used for the external validity of 
GHE-MSS in the present study.

Primary Survey
Primary survey was conducted based on the results of the Delphi survey. For this purpose, 115 medical workers from the 
Emergency Department, Intensive Care Unit (ICU), and the Infection Department of a tertiary hospital in Guangdong 
Province (China) were enrolled in the primary survey conducted in March 2020. Principal component analysis was 
employed to evaluate the primary survey results. The reliability of the primary survey was analyzed by Cronbach’s alpha 
coefficient.32 The common-method variance was utilized to investigate the validity of the primary survey.

Formal Survey
The reliability and validity of the formal survey were assessed via the participation of 300 medical workers from the 
Emergency Departments, ICUs, Infection Departments, Respiratory Departments, and the Clinical Laboratories of five 
tertiary and secondary hospitals located in Guangdong Province (China). The formal survey was conducted in 
April 2020. The Cronbach’s alpha coefficient was employed to evaluate internal consistency, and the reliability and 
validity of the formal survey were confirmed. Bartlett’s test and the Kaiser-Meyer-Olkin (KMO) measure were used for 
the determination of the exploratory factor analysis adequacy. The KMO statistics ranged from zero to one, with values 
closer to one denoting greater adequacy of the factor analysis (KMO ≥ 0.6 (low adequacy), KMO ≥ 0.7 (medium 
adequacy), KMO ≥ 0.8 (high adequacy), and KMO ≥ 0.9 (very high adequacy)).33,34

Clinical Evaluation
Here, 566 medical workers from the Emergency Departments, ICUs, Infection Departments, Respiratory Departments, 
and the Clinical Laboratories of five tertiary and secondary hospitals in Guangdong Province were surveyed in 
September 2020. We used the PCL-C to assess the consistency and validity of PTSD occurrence. The Pearson’s 
correlation coefficient (PCC) was employed to calculate the correlation coefficient between each item score and the 
total score. Confirmatory factor analysis (CFA) was next used to establish the validity of the scale structure.35 A standard 
load factor > 0.7 was considered to indicate a strong correlation, whereas a factor < 0.4 represented a weak correlation 
between the item and the factor. Criterion-related validity was utilized to test the correlation between scores of the new 
scale and the standard scale. The correlation coefficient was within the range 0.40–0.80; the validity was considered to be 
confirmed at P<0.05.

Statistical Analysis
Data were statistically analyzed with SPSSAU 2016–2021 (Qing-Si Technology Ltd, Beijing, China) and GraphPad 
Prism 5.0 (GraphPad Prism Software Inc., San Diego, CA, USA) software. CFA was conducted using SPSSAU. Kline’s 
references36 were utilized to analyze univariate normality (skew index ≤ 3.0; kurtosis index ≤ 10.0). Good model fit cut- 
off values adopted were those proposed by Hair et al37 and Schumacker and Lomax38 (samples with N > 250 and number 
of observed variables between 12 and 30): Chi-square test of the model fit (χ2/df) values less than 5 indicated a good 
model fit; comparative fit index (CFI) values close to 0.90 or 0.95 represented a good model fit; goodness-of-fit index 
(GFI) values close to 0.90 or 0.95 indicated a good model fit; standardized root mean square residual (SRMR) and root 
mean square error of approximation (RMSEA) values below 0.05 revealed good fit, and values between 0.05 to 0.08 with 
a CFI of 0.92 or higher indicated close model fit.39 Convergent validity was established by the average variance extracted 
(AVE ≥ 0.50)37 and composite reliability (CR ≥ 0.70).40 In addition, we calculated the heterotrait-monotrait (HTMT) 
ratio of correlation through a multitrait-multimethod matrix among the GHE-MSS factors by using a value lower than 
0.85 to indicate adequate discriminant validity.40,41
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Results
The Delphi Survey
Approximately 50% of the study participants were aged >40 years. Besides, 80% of the participants had a Bachelor’s 
degree or above, and 40% of them had work experience>15 years. Experts’ research fields were psychotherapy education 
or research, clinical psychotherapy, and psychological care (Table 1). The authority coefficient was within the range 
0.63–0.93, and the overall authority coefficient was above 0.76, indicating that the experts had high authority. Two 
rounds of the Delphi survey were carried out for each group of experts. Ten questionnaires were sent out in each of the 
both rounds, which were then recovered. The recovery rate of the two rounds of the Delphi was 100%, indicating that the 
experts were highly concerned about the questionnaire. The Kendall coefficient in the first round of the Delphi survey 
was equal to 0.47(P<0.01). The mean number of entries in the first Delphi round was 4.73, with a coefficient of variation 
of 0.11. After the modification of experts’ opinions, the mean number of the entries in the second round of the Delphi 
was 4.85, with a coefficient of variation of 0.08. The Kendall coefficient in the second round was equal to 0.74(P<0.01). 
Therefore, experts’ opinions were relatively consistent and the survey results were accordingly reliable (Table 2).

Proposed Scale Testing
The number of participants in the primary survey was 115 (Table 3). Based on the results of the primary survey, 
a Cronbach’s alpha coefficient of 0.98 was determined. The range of common-method variance was 0.71–0.86. The 
sample size of the formal survey was 300 (Table 3). KMO value was 0.97, and the Bartlett’s test of sphericity showed 
that degree-of-freedom value was equal to 231 (P<0.01). The percentages of the variance of the three measures were 
40.71%, 23.77%, and 10.73%, respectively, with cumulative percentages of variance after the rotation of 75.21%, which 
showed a good validity. The Cronbach’s alpha coefficient value in the formal survey was 0.98, which indicated that the 
proposed scale had a promising internal consistency.

Clinical Evaluation
Reliability, Validity, and Relevance
In the current survey, 566 subjects participated in the clinical evaluation (Table 3). Based on the analysis of univariate 
normality, the score of each scale basically showed normal distribution (Supplementary Table 1). The Cronbach’s alpha 

Table 1 Experts’ Demographic Characteristics

Characteristics Frequency (N) Proportion (%)

Age (years)
30–40 5 50

40–50 2 20
≥50 3 30

Highest educational degree
College 2 20
Undergraduate 6 60

Master’s and doctorate 2 20

Title
Junior professional title 3 30

Senior professional title 3 30

Associate senior professional title 4 40
Work experience (years)
11–15 6 60

15–20 1 10
≥20 3 30

Research field
Psychotherapy education or research 1 10
Clinical psychotherapy 7 70

Psychological care 2 20
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and the Spearman-Brown coefficients of the GHE-MSS were 0.88 and 0.87, respectively, indicating a credible internal 
consistency of the scale. The results of the analysis of the retest reliability revealed that the reliability of the three 
measures and the total scale were both above 0.9, confirming a high stability. The correlation coefficient between the 
relative item and the score of the avoidance measure was within the range 0.76–0.83 (P<0.01). The Pearson’s correlation 
coefficients of the dimensions of the PTSD’s hyperarousal and intrusion symptoms were 0.78–0.84 and 0.81–0.90, 
correspondingly (P<0.01) (Table 4).

Correlation analysis was conducted to assess the correlation between the GHE-MSS and the PCL-C, for which 
a correlation coefficient of 0.68 (P<0.01) was determined, indicating that the correlation validity of the scale was 
relatively high (Figure 2). CFA showed that the standard load factor was within the range 0.73–0.89 (Table 5). The fitting 
index met the requirements for the model fitting adequacy comparative fit index (CFI) = 0.947; the standardized root 
mean square residual (SRMR) = 0.038; the root mean square error of approximation (RMSEA) = 0.067, representing 
a reasonable goodness-of-fit (Table 6). Good convergent and discriminant validity indices were established and evaluated 
(Supplementary Tables 2 and 3).

Table 2 Recovery of the Questionnaire and Suggestions Offered by Delphi Consultation

First Round Second Round

Number of questionnaires distributed 10 10
Number of questionnaires collected 10 10

Number of experts who expressed their opinions 3 1

Effective questionnaires 10 10
Recovery rate (%) 100 100

Authority coefficient 0.76 0.76

Mean (coefficient of variation) 4.73 (0.11) 4.85 (0.08)
Kendall coefficient 0.47 0.74

P-value 0.00** 0.00**

Notes: **Significant difference compared between-groups (p < 0.01).

Table 3 Medical Workers’ Demographic Characteristics in the Three Main Stages of the Survey

Characteristics Primary Survey  
(N = 115)

Formal Survey  
(N = 300)

Clinical Evaluation  
(N = 566)

Gender
Male 28 24.35% 51 17.00% 103 18.20%

Female 87 75.65% 249 83.00% 463 81.80%

Identity
Doctor 16 13.91% 36 12.00% 70 12.37%

Nurse 99 86.09% 264 88.00% 496 87.63%

Technical titles
Junior 84 73.04% 206 68.67% 417 73.67%

Intermediate 20 17.39% 74 24.67% 118 20.85%

Senior 11 9.57% 20 6.67% 31 5.48%
Department
Emergency department 12 10.43% 52 17.33% 158 27.92%

Fever clinic 9 7.83% 27 9.00% 27 4.77%
Respiratory department 14 12.17% 76 25.33% 106 18.73%

Infections department 23 20.00% 50 16.67% 91 16.08%

ICU 41 35.65% 64 21.33% 82 14.49%
Clinical laboratory 8 6.96% 17 5.67% 17 3.00%

Others 8 6.96% 14 4.67% 85 15.02%

Abbreviation: ICU, Intensive Care Unit.
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Assessment Results
The clinical evaluation of the scale was performed six months after conducting the formal survey. We found that the 
PTSD incidence was from 30.00% to 19.79% lower than that in the formal survey (Figure 3). Furthermore, the incidence 
of PTSD in PCL-C was 8.13%. Therefore, the incidence of PTSD in GHE-MSS was markedly higher than that in PCL-C 
(Figure 4).

Discussion
GHE-MSS was developed that included three measures: avoidance, PTSD’s hyperarousal, and PTSD’s intrusion 
symptoms. Each measure contained eight, six, and eight items, accounting for a total number of 22 items. Each of the 
items included in the questionnaire was measured by the five-point Likert’s scale. The GHE-MSS was composed of the 
Delphi consultation, primary survey, formal survey, and clinical evaluation. After clinical evaluation, the Cronbach’s 
alpha coefficient (0.88) showed a good internal consistency. In addition, the items of the scale were slightly modified 
based on the IES-R via two rounds of Delphi consultation, which enhanced the content validity. Exploratory factor 
analysis and CFA were implemented to verify all the indicators of the scale, which confirmed that the scale had 
a promising validity. GHE-MSS was developed to accurately and effectively evaluate the occurrence of mental stress 
responses in medical workers who experienced public health events. To date, research has been concentrated mainly on 
indicators, such as acute anxiety, depression, and acute mental stress. In spite of the importance of public health events, 
few investigations have been performed to determine and assess the incidence of chronic stress among medical workers. 
Hence, the present study presents a revised version of the IES-R for assessment of chronic stress incidence among 
medical workers. The proposed scale has the potential to evaluate medical workers’ mental stress responses after stressful 
public health events within six months.

Mental stress response is delayed and thus often fails to attract quickly people’s attention. Therefore, a targeted scale 
should be developed for early screening. Early intervention in people experiencing a major trauma was highly, mean-
ingful in several cases.42,43 The initial IES is a 15-item self-reported scale assessing subjective distress caused by 

Table 4 Reliability, Validity, and Relevance Analyzed by Clinical Evaluation of GHE-MSS

Clinical Evaluation of GHE-MSS (N = 566)

Cronbach’s Alpha 
Coefficient

Spearman-Brown 
Coefficient

Cronbach’s Alpha 
Coefficient  

(Test-Retest, N = 161)

Pearson’s Correlation 
Coefficient

INT 0.95 0.94 0.99 0.81–0.90**

AVD 0.91 0.86 0.95 0.76–0.83**

HYP 0.89 0.88 0.98 0.78–0.84**

Notes: **Significant difference compared between-groups (p < 0.01). 
Abbreviations: GHE- MSS, Global Health Events-Mental Stress Scale; INT, intrusion; HYP, hyperarousal; AVD, avoidance.

Figure 2 Correlations between GHE-MSS and PCL-C. 
Abbreviations: GHE-MSS, Global Health Events-Mental Stress Scale; PCL-C, PTSD Checklist-Civilian Version.
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traumatic events. The IES has been revised to IES-R via the addition of seven items related to excessive arousal 
symptoms of PTSD. Earlier studies showed that a high IES score within one week after a traumatic event was associated 
with the appearance of PTSD symptoms six months later, with a sensitivity of 92%.44,45 Therefore, the development of 
the scale in the present study included a primary survey, a formal survey in the early stage of the COVID-19 outbreak, 
and a clinical evaluation of the stress response six months later. The PCL-C was employed as the standard for accuracy 
and validity assessment. The results showed that the Cronbach’s alpha coefficient and the Spearman-Brown coefficient of 
the scale both had values above 0.85. The CFA revealed that the modified model fitted well, suggesting that the scale has 
a promising reliability and stability. Each measure was characterized by good internal consistency and stability. However, 
the incidence of PTSD in the GHE-MSS in the clinical evaluation was significantly higher than that in the PCL-C, which 
may be due to the differences in the reliability and validity of the mentioned scales. As previously reported, IES-R is not 
appropriate for PTSD diagnosis.19 Previous evidence showed that PCL-C had a reasonable sensitivity and a higher 
specificity for PTSD diagnosis.31 Generally, a positive correlation exists in the incidence of PTSD between GHE-MSS 
and PCL-C, confirming that GHE-MSS can be applied to assess the mental status of medical workers experiencing public 

Table 5 Factor Loadings of the Scale Items (Pattern Matrix)

Item HYP AVD INT

5 I avoided letting myself get upset when I thought about the treatment experience or was reminded of it. 0.77
7 I felt as if the treatment experience had not happened or was not real. 0.79

8 I stayed away from reminders of the treatment experience. 0.76

11 I tried not to think about the treatment experience. 0.75
12 I was aware that I still had a lot of feelings about the treatment experience, but I did not deal with them. 0.75

13 My feelings about the treatment experience were kind of numb. 0.78

17 I tried to remove the treatment experience from my memory. 0.74
22 I tried not to talk about the treatment experience. 0.74

4 After providing treatment, I felt irritable and angry. 0.73
10 After providing treatment, I was jumpy and easily startled. 0.78

15 After providing treatment, I had trouble falling asleep. 0.74

18 After providing treatment, I had trouble concentrating. 0.80
19 Reminders of the treatment experience caused me to have physical reactions, such as sweating, trouble breathing, 

nausea, or a pounding heart.

0.77

21 After providing treatment, I felt watchful and on-guard. 0.79
1 Any reminder brought back feelings about the treatment experience. 0.86

2 After providing treatment, I had trouble staying asleep. 0.84

3 Other things kept making me think about the treatment experience. 0.85
6 I thought about the treatment experience when I did not mean to. 0.89

9 Pictures about the treatment experience popped into my mind 0.87

14 I found myself acting or feeling like I was back at the treatment time. 0.84
16 I had waves of strong feelings about the treatment experience. 0.79

20 I had dreams about the treatment experience. 0.84

% explained variance 24.11 23.54 21.17

Abbreviations: INT, intrusion; HYP, hyperarousal; AVD, avoidance.

Table 6 Confirmatory Factor Analysis of the Oblique Bi-Factorial Model

X2 df P X2/df CFI GFI SRMR RMSEA

Model 729.016 206 0.000** 3.539 0.947 0.886 0.038 0.067

Notes: **Significant difference compared between-groups (p < 0.01). 
Abbreviations: X2/df, Chi-square test of model fit; CFI, comparative fit index; GFI, goodness-of-fit index; SRMR, standardized root mean square residual; RMSEA, root 
mean square error of approximation.
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health events. In the present study, GHE-MSS was developed on the basis of IES-R. We found that the GHE-MSS was 
more promising for the assessment of acute and chronic stress mental responses of medical workers involved in public 
health events rather than the diagnosis of PTSD symptoms.

In addition to the assessment of the acute stress mental response, the early identification of subgroups of the 
population of medical workers exposed to a higher risk of mental stress could provide guidance on the timely application 
of therapeutic measures after major adverse health events. In this regard, our study has several strengths. To the best of 
our knowledge, this is the first self-rating scale for the assessment of the mental response of medical workers 
experiencing major adverse health events, specifically an infectious disease outbreak. Nevertheless, further research is 
still urgently needed. As known, infectious disease outbreaks have a profound psychological impact on healthcare 
workers. In this respect, Tam et al established that healthcare workers experienced acute stress reactions during the 
Severe Acute Respiratory Syndrome (SARS) outbreak in 2003.46,47 Recently, several reports have confirmed the 
substantial psychological stress as well as physical symptoms experienced by health care professionals dealing with 
the COVID-19 outbreak.48,49 In addition, this study was commenced during the initial wave of COVID-19 pandemic, 
emphasizing the acute mental response of medical workers. With the long-expected entry into the post-COVID-19 era, 
local and national mental health institutions have conducted evaluations and provided support for the general public, 

Figure 3 Estimation of the incidence of PTSD using the GHE-MSS in the stages of scale testing and clinical evaluation. 
Abbreviations: GHE-MSS, Global Health Events-Mental Stress Scale; PTSD, post-traumatic stress disorder.

Figure 4 The rate of PTSD symptoms assessed by GHE-MSS and PCL-C in the stage of clinical evaluation. 
Abbreviations: GHE-MSS, Global Health Events-Mental Stress Scale; PTSD, post-traumatic stress disorder; PCL-C, The PTSD Checklist-Civilian Version; ICU, Intensive 
Care Unit.
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including health care professionals, such as online mental health services.50 Therefore, increasingly more healthcare 
facilities and governmental efforts are likely to focus on the psychological aspect of severe infectious disease outbreaks 
such as that of COVID-19. It is hence necessary that medical workers exposed to significant work pressure should 
perform appropriate mental disorder self-tests. Furthermore, this study assessed mental stress in both tertiary and 
secondary hospitals in different areas, which is often a missing element of research exploring stress in healthcare 
workers.

This study provides initial evidence for the validity and reliability of scores derived for GHE-MSS. Earlier findings 
support the view that GHE-MSS can be used to measure mental distress, especially in medical workers experiencing public 
health events. For example, Han et al51 reported that 34.6% of the medical staff in China had depressive symptoms from 
February 17 to 24, 2020. Another study also showed the combined prevalence of anxiety, depression, and insomnia of Hubei 
medical staff, which reached as high as 38%.52 Additionally, Kheradmand et al reported that healthcare workers in Tehran 
developed mild (41.4%) to moderate (31.5%) impact mental issues during the initial phase of the pandemic.53 The results of 
these earlier studies are similar to our findings on the incidence of PTSD among medical workers in the early stages of 
COVID-19. Hopefully, GHE-MSS can be assessed and validated in other countries to further deepen this evidence. We plan 
to do a large-sample, cross-sectional study by applying this scale in national hospitals through cooperation with the related 
government departments and psychological support centers. In this future study, we intend collect and assess more clinical 
evidence on the application of GHE-MSS. Further studies could also facilitate the development of effective strategies for the 
prevention of mental disorders, which could not only allow early intervention and identification of high-risk medical 
individuals, but also provide the supportive environment for medical workers seeking help.

Limitations
The present study contains several limitations. First, this is a cross-sectional study, which might have limited the possibility 
for establishing temporality between exposure and health outcome, increasing the risk for reporting bias. For instance, 
reporting bias can occur when the same person reports both exposure and health effects as in the case of questionnaire studies 
and when there is a public awareness of the problem.54 In such a situation, a higher risk might exist for systematic over- 
reporting of mental disorder-associated problems in diseased subjects when compared with healthy ones and/or a risk for 
over-reporting of symptoms in subjects after experiencing public health events when compared with people without such 
experience. Such reporting bias does not occur to the same extent in longitudinal studies, and, therefore, further research is 
required. Second, the developed scale was more appropriate for the assessment of mental stress, particularly associated with 
public health events, whereas the participants were medical workers who participated in COVID-19 treatment in China. We 
failed to include medical workers who participated in other health events (eg, influenza A infection outbreaks). Therefore, 
this scale still needs to be validated in research on other infectious diseases. In addition, the Chinese version of GHE-MSS 
was verified by back-translation with the original item of GHE-MSS. The targeted population of our study consisted of 
Chinese medical workers, which may decrease the generalizability of our results because of the differences between 
languages and the inhomogeneous distribution of mental response across the globe. It is unknown whether the results of 
this study are applicable to other medical populations in China or other countries. Hopefully, this self-rating scale can be 
assessed and validated in other countries in the future. The results of the convenience sampling cannot be generalized to the 
target population because of the potential bias of the sampling technique. Young medical workers and people experiencing 
heavy mental stress that are familiar with social media were more likely to participate in our research. However, senior 
doctors and nurses were reluctant to participate in this study. Therefore, the degree of mental stress reaction in our study 
might have been overestimated. Meanwhile, we could not assess how many people had been invited to participate in the 
research, and the response rate could not be, therefore, calculated. Our study included medical workers from only five tertiary 
and secondary hospitals in Guangdong Province. Hence, the source and size of the samples were limited. Thus, further 
research with a larger sample size is warranted to eliminate the aforementioned shortcomings and to confirm our findings.

Conclusion
In conclusion, here, we propose a revised version of the IES-R, called GHE-MSS. Our findings revealed that the 
proposed scale has a good internal consistency and validity. GHE-MSS may facilitate the screening of mental stress 
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responses in medical workers in the early stage of their occurrence after experiencing public health events. Therefore, the 
identification of subgroups of medical workers with higher susceptibility to PTSD may be of significance. The proposed 
scale is also promising for developing targeted therapies for individuals who are at high-risk of mental stress exposure 
due to their participation in the treatment of pandemics-affected subjects.

Acknowledgments
This study was supported by the Nursing Department of Shantou Central Hospital. We would like to express our 
gratitude to Ms. Li-Xian Yang from the Second People’s Hospital of Shantou, Ms. Qiu-Lian Lin from the Third People’s 
Hospital of Shantou, Ms. Li-Fang Lin from Chao-yang District People’s Hospital of Shantou, and Dr. Qing-Hua Huang 
from Nan-ao County People’s Hospital of Shantou for their contributions to the study. We are also thankful to Professor 
Kitty K. Wu for approving the use of the CIES-R. Special thanks are due to Professor Marmar Charles for approving the 
use of IES-R. This study was financially supported by the Shantou Science and Technology Plan Medical and Health 
Category Project (Grant No. Shan-Fu-Ke [2020]23-03).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Qiu J. One world, one health: combating infectious diseases in the age of globalization. Natl Sci Rev. 2017;4(3):493–499. doi:10.1093/nsr/nwx047
2. Sullivan SG, Arriola CS, Bocacao J, Burgos P, Wood T. Heterogeneity in influenza seasonality and vaccine effectiveness in Australia, Chile, New 

Zealand and South Africa: early estimates of the 2019 influenza season. Eurosurveillance. 2019;24(45). doi:10.2807/1560-7917. 
ES.2019.24.45.1900645

3. Shi W, Ke C, Fang S, Li J, Wang D. Co-circulation and persistence of multiple A/H3N2 influenza variants in China. Emerg Microbes Infect. 2019;8 
(1):1157–1167. doi:10.1080/22221751.2019.1648183

4. Vallès X, Stenseth NC, Demeure C, Horby P, Baril L. Human plague: an old scourge that needs new answers. PLoS Negl Trop Dis. 2020;14(8): 
e0008251. doi:10.1371/journal.pntd.0008251

5. Randremanana R, Raberahona M, Randria M, et al. An open-label, randomized, non-inferiority trial of the efficacy and safety of ciprofloxacin 
versus streptomycin + ciprofloxacin in the treatment of bubonic plague (IMASOY): study protocol for a randomized control trial. Trials. 2020;21 
(1):722. doi:10.1186/s13063-020-04642-2

6. Solano P, Ustulin M, Pizzorno E, et al. A google-based approach for monitoring suicide risk. Psychiatry Res. 2016;246:581–586. doi:10.1016/j. 
psychres.2016.10.030

7. Baldessarini R, Innamorati M, Erbuto D, et al. Differential associations of affective temperaments and diagnosis of major affective disorders with 
suicidal behavior. J Affect Disord. 2017;210:19–21. doi:10.1016/j.jad.2016.12.003

8. Philippe FL, Houle I. Cognitive integration of personal or public events affects mental health: examining memory networks in a case of natural 
flooding disaster. J Pers. 2019;88:861–873. doi:10.1111/jopy.12531

9. Torales J, O€Higgins M, Castaldelli-Maia JM, Ventriglio A. The outbreak of COVID-19 coronavirus and its impact on global mental health. 
Int J Soc Psychiatry. 2020;66(4):317–320. doi:10.1177/0020764020915212

10. Wang C, Pan R, Wan X, Tan Y, Ho RC. Immediate psychological responses and associated factors during the initial stage of the 2019 coronavirus 
disease (COVID-19) epidemic among the general population in China. Int J Environ Res Public Health. 2020;17(5):1729. doi:10.3390/ 
ijerph17051729

11. Qiu J, Shen B, Zhao M, Wang Z, Xu Y. A nationwide survey of psychological distress among Chinese people in the COVID-19 epidemic: 
implications and policy recommendations. Gen Psychiatry. 2020;33(2):3. doi:10.1136/gpsych-2020-100213

12. Sanguino CG, Ausín B, Castellanos MA, Saiz J, Muoz M. Mental health consequences during the initial stage of the 2020 coronavirus pandemic 
(COVID-19) in Spain. Brain Behav Immun. 2020;87:172–176.

13. Zhang Y, Ma ZF. Impact of the COVID-19 pandemic on mental health and quality of life among local residents in Liaoning Province, China: a 
cross-sectional study. Int J Environ Res Public Health. 2020;17(7):2381.

14. Mazza C, Ricci E, Biondi S, et al. A nationwide survey of psychological distress among Italian people during the COVID-19 pandemic: immediate 
psychological responses and associated factors. Int J Environ Res Public Health. 2020;17(9):3165. doi:10.3390/ijerph17093165

15. Cw A, Rp A, Xw A, et al. A longitudinal study on the mental health of general population during the COVID-19 epidemic in China. Brain Behav 
Immun. 2020;87:40–48. doi:10.1016/j.bbi.2020.04.028

16. Lock S, Rubin GJ, Murray V, Rogers MB, Williams R. Secondary stressors and extreme events and disasters: a systematic review of primary 
research from 2010–2011. PLoS Curr. 2012;4. doi:10.1371/currents.dis.a9b76fed1b2dd5c5bfcfc13c87a2f24f

17. Deng M, Medicine P. New progress of clinical research to posttraumatic stress disorder (DSM-5 update). Chin J Health Psychol. 2016;1:7.
18. Widiger T, Mccabe G. The alternative model of personality disorders (AMPD) from the perspective of the five-factor model. Psychopathology. 

2020;53(3–4):1–8. doi:10.1159/000507378
19. Weiss D, Marmar C. Impact of Event Scale - Revised (IES-R) - PTSD. National Center for PTSD; 1997.
20. Hasson F, Keeney S, McKenna H Research guidelines for the Delphi survey technique. J Adv Nurs. 2000;32(4):1008.
21. Wu KK, Chan KS. The development of the Chinese version of impact of event scale – revised (CIES-R). Soc Psychiatry Psychiatr Epidemiol. 

2003;38(2):94–98. doi:10.1007/s00127-003-0611-x

Psychology Research and Behavior Management 2022:15                                                                    https://doi.org/10.2147/PRBM.S369958                                                                                                                                                                                                                       

DovePress                                                                                                                       
1819

Dovepress                                                                                                                                                               Cai et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1093/nsr/nwx047
https://doi.org/10.2807/1560-7917.ES.2019.24.45.1900645
https://doi.org/10.2807/1560-7917.ES.2019.24.45.1900645
https://doi.org/10.1080/22221751.2019.1648183
https://doi.org/10.1371/journal.pntd.0008251
https://doi.org/10.1186/s13063-020-04642-2
https://doi.org/10.1016/j.psychres.2016.10.030
https://doi.org/10.1016/j.psychres.2016.10.030
https://doi.org/10.1016/j.jad.2016.12.003
https://doi.org/10.1111/jopy.12531
https://doi.org/10.1177/0020764020915212
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.1136/gpsych-2020-100213
https://doi.org/10.3390/ijerph17093165
https://doi.org/10.1016/j.bbi.2020.04.028
https://doi.org/10.1371/currents.dis.a9b76fed1b2dd5c5bfcfc13c87a2f24f
https://doi.org/10.1159/000507378
https://doi.org/10.1007/s00127-003-0611-x
https://www.dovepress.com
https://www.dovepress.com


22. Li Y, Ehiri J, Hu D, et al. Framework of behavioral indicators for outcome evaluation of TB health promotion: a Delphi study of TB suspects and 
Tb patients. BMC Infect Dis. 2014;14(1):268. doi:10.1186/1471-2334-14-268

23. Xing Q, Zhang M, Zhao F, Zhou Y, Yuan L. The development of a standardized framework for primary nurse specialists in diabetes care in China: 
a Delphi study. J Nurs Res. 2019;27(6):1. doi:10.1097/jnr.0000000000000330

24. Hou YC, Wang M, Li XQ, Wen S, Xu YH. [Construction of surveillance and early-warning-index-system on tuberculosis in China]. Zhonghua liu 
xing bing xue za zhi. 2012;33(5):505–508. Chinese. doi:10.1016/j.tmaid.2012.03.001

25. Zhai XD, Wang CX, Ma YJ, et al. Using the modified Delphi method to research the influencing factors of long-term health-related quality of life in 
patients with unruptured intracranial aneurysms after endovascular treatment. Chin Neurosurg J. 2020;6(1):7. doi:10.1186/s41016-020-00186-1

26. Carey RG, Seibert JH. A patient survey system to measure quality improvement: questionnaire reliability and validity. Med Care. 1993;31 
(9):834–845. doi:10.1097/00005650-199309000-00008

27. Asukai N, Kato H, Kawamura N, et al. Reliability and validity of the Japanese-language version of the impact of event scale-revised (IES-R-J): four 
studies of different traumatic events. J Nerv Ment. 2002;190(3):175–182. doi:10.1097/00005053-200203000-00006

28. Dobie DJ, Kivlahan DR, Maynard C, Bush KR, Bradley KA. Screening for post-traumatic stress disorder in female veteran’s affairs patients: 
validation of the PTSD checklist. Gen Hosp Psychiatry. 2002;24(6):367–374. doi:10.1016/S0163-8343(02)00207-4

29. Lang AJ, Laffaye C, Satz LE, Dresselhaus TR, Stein MB. Sensitivity and specificity of the PTSD checklist in detecting PTSD in female veterans in 
primary care. J Trauma Stress. 2003;16(3):257–264. doi:10.1023/A:1023796007788

30. Liu X, Yang Y, Ping Y, Xun Z, Xiong G. A study of the relationship between mental health and menstrual abnormalities in female middle school 
students from postearthquake Wenchuan. Biosci Trends. 2010;4(1):4–8.

31. Brewin CR. Systematic review of screening instruments for adults at risk of PTSD. J Trauma Stress. 2005;18(1):53. doi:10.1002/jts.20007
32. Tabachnick BG, Fidell LS. Using Multivariate Statistics. 5th ed. Boston (MA): Pearson Education; 2007.
33. Devellis R, Devellis R, Devellis RF. Scale Development: Theory and Applications. Sage publications; 1991.
34. Ribeiro F, Mussi FC, Pires C, Silva R, Macedo T, Santos C. Stress level among undergraduate nursing students related to the training phase and 

sociodemographic factors. Rev Lat Am Enfermagem. 2020;28. doi:10.1590/1518-8345.3036.3209
35. Stott J, Spector A, Orrell M, Scior K, Sweeney J, Charlesworth G. Limited validity of the hospital anxiety and depression scale (Hads) in dementia: 

evidence from a confirmatory factor analysis. Int J Geriatr Psychiatry. 2017;32(7):805–813. doi:10.1002/gps.4530
36. Kline RB. Principles and Practice of Structural Equation Modeling. 2nd ed. Guilford publications; 2004.
37. Hair JFJ, Black WC, Babin BJ, Anderson RE, Tatham RL. Multivariate Data Analysis. Pearson Education; 2006.
38. Schumacker RE, Lomax RG, Beginner’s A. Guide to structural equation modeling. Technometrics. 2004;47(4):522.
39. Encantado J, Marques MM, Palmeira AL, Sebire SJ, Gouveia MJ. Development and cross-cultural validation of the goal content for weight 

maintenance scale (GCWMS). Eat Weight Disord. 2021;26:1–12.
40. Hair JF, Hult G, Ringle CM, Sarstedt M. A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM). 2nd ed. Sage publications; 2016.
41. Henseler JR, Ringle CM, Sarstedt M. A new criterion for assessing discriminant validity in variance-based structural equation modeling. J Acad 

Mark Sci. 2015;43(1):115–135. doi:10.1007/s11747-014-0403-8
42. McLaughlin KA, Koenen KC, Friedman MJ, et al. Subthreshold posttraumatic stress disorder in the world health organization world mental health 

surveys. Biol Psychiatry. 2015;77(4):375–384. doi:10.1016/j.biopsych.2014.03.028
43. Rosendal S, Mortensen EL, Andersen HS, Heir T. Use of health care services before and after a natural disaster among survivors with and without 

PTSD. Psychiatr Serv. 2014;65(1):91–97. doi:10.1176/appi.ps.201200535
44. Orsillo SM. Measures for Acute Stress Disorder and Posttraumatic Stress Disorder. US: Springer; 2002.
45. Horowitz M, Wilner N, Alvarez W. Impact of Event Scale: a measure of subjective stress. Psychosom Med. 1979;41(3):209–218. doi:10.1097/ 

00006842-197905000-00004
46. Mcalonan G, Lee A, Cheung V, et al. Immediate and sustained psychological impact of an emerging infectious disease outbreak on health care 

workers. Can J Psychiatry. 2007;52(4):241–247. doi:10.1177/070674370705200406
47. Tam CWC, Pang EPF, Lam LCW, Chiu HFK. Severe acute respiratory syndrome (SARS) in Hong Kong in 2003: stress and psychological impact 

among frontline healthcare workers. Psychol Med. 2004;34(7):1197–1204. doi:10.1017/S0033291704002247
48. Couarraze S, Delamarre L, Marhar F, et al. The major worldwide stress of healthcare professionals during the first wave of the COVID-19 

pandemic - The international COVISTRESS survey. PLoS One. 2021;16(10):e0257840. doi:10.1371/journal.pone.0257840
49. Ma Y, Rosenheck R, He H. Psychological stress among health care professionals during the 2019 novel coronavirus disease outbreak: cases from 

online consulting customers. Intensive Crit Care Nurs. 2020;61:102905. doi:10.1016/j.iccn.2020.102905
50. Kang C, Tong J, Meng F, Feng Q, Yang J. The role of mental health services during the COVID-19 outbreak in China. Asian J Psychiatr. 

2020;52:102176. doi:10.1016/j.ajp.2020.102176
51. Han B, Ma C, Liu Z, et al. Perceived psychological feelings make important contributions to the symptoms of common mental disorders of medical 

staff during the COVID-19. Front Psychiatry. 2021;12:738610. doi:10.3389/fpsyt.2021.738610
52. Wang L, Zhang M, Liu G, et al. Psychological impact of coronavirus disease (2019) (COVID-19) epidemic on medical staff in different posts in 

China: a multicenter study. J Psychiatr Res. 2020;129:198–205. doi:10.1016/j.jpsychires.2020.07.008
53. Kheradmand A, Mahjani M, Pirsalehi A, Fatemizadeh S, Khoshgoui B. Mental health status among healthcare workers during COVID-19 

pandemic. Iran J Psychiatry. 2021;16(3):250.
54. Larsson M, Hägerhed-Engman L, Moniruzzaman S, Janson S, Sundell J, Bornehag CG. Can we trust cross-sectional studies when studying the risk 

of moisture-related problems indoor for asthma in children? Int J Environ Health Res. 2011;21(4):237–247. doi:10.1080/09603123.2010.533368

https://doi.org/10.2147/PRBM.S369958                                                                                                                                                                                                                                

DovePress                                                                                                                         

Psychology Research and Behavior Management 2022:15 1820

Cai et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1186/1471-2334-14-268
https://doi.org/10.1097/jnr.0000000000000330
https://doi.org/10.1016/j.tmaid.2012.03.001
https://doi.org/10.1186/s41016-020-00186-1
https://doi.org/10.1097/00005650-199309000-00008
https://doi.org/10.1097/00005053-200203000-00006
https://doi.org/10.1016/S0163-8343(02)00207-4
https://doi.org/10.1023/A:1023796007788
https://doi.org/10.1002/jts.20007
https://doi.org/10.1590/1518-8345.3036.3209
https://doi.org/10.1002/gps.4530
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1016/j.biopsych.2014.03.028
https://doi.org/10.1176/appi.ps.201200535
https://doi.org/10.1097/00006842-197905000-00004
https://doi.org/10.1097/00006842-197905000-00004
https://doi.org/10.1177/070674370705200406
https://doi.org/10.1017/S0033291704002247
https://doi.org/10.1371/journal.pone.0257840
https://doi.org/10.1016/j.iccn.2020.102905
https://doi.org/10.1016/j.ajp.2020.102176
https://doi.org/10.3389/fpsyt.2021.738610
https://doi.org/10.1016/j.jpsychires.2020.07.008
https://doi.org/10.1080/09603123.2010.533368
https://www.dovepress.com
https://www.dovepress.com


Psychology Research and Behavior Management                                                                               Dovepress 

Publish your work in this journal 
Psychology Research and Behavior Management is an international, peer-reviewed, open access journal focusing on the science of psychology and 
its application in behavior management to develop improved outcomes in the clinical, educational, sports and business arenas. Specific topics 
covered in the journal include: Neuroscience, memory and decision making; Behavior modification and management; Clinical applications; Business 
and sports performance management; Social and developmental studies; Animal studies. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/psychology-research-and-behavior-management-journal

Psychology Research and Behavior Management 2022:15                                                                DovePress                                                                                                                       1821

Dovepress                                                                                                                                                               Cai et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Ethics Statement
	Development of the Scale
	Design of the Survey
	The Delphi Survey
	Testing of the Proposed Scale
	Primary Survey
	Formal Survey

	Clinical Evaluation
	Statistical Analysis

	Results
	The Delphi Survey
	Proposed Scale Testing
	Clinical Evaluation
	Reliability, Validity, and Relevance
	Assessment Results


	Discussion
	Limitations
	Conclusion
	Acknowledgments
	Disclosure
	References

