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Knowledge, Risk Perception, Precautionary 
Behavior and Level of Worry towards the 2019 
Coronavirus Disease (COVID-19) among 
Psychiatric Outpatients

ABSTRACT
Objective: To identify level of worry towards COVID-19, and related factors among psychiatric outpatients.
Methods: A cross-sectional study surveyed psychiatric outpatients at Songklanagarind Hospital; from May to 
June, 2020.The questionnaires composed of; 1) Demographic inquiry 2) COVID-19 knowledge 3) COVID-19 risk 
perception 4) COVID-19 precautionary behaviors 5) Level of worry towards COVID-19. All data were analyzed 
using descriptive statistics, and associated factors as to the level of worry towards COVID-19 were analyzed by 
chi-square and logistic regression.
Results: There were 400 participants; neurosis (60.0%), and non-neurosis (40.0%). The majority of participants were 
female (62.0%), with a mean age of; 44.5±14.6 years. Almost all participants reported a good score of COVID-19 
knowledge (91.8%), and having good precautionary behavior towards COVID-19 (97.5%). Majority of participants 
had a low risk perception (54.2%) and a low level of worry towards COVID-19 (67.0%). Generalized anxiety disorder 
and major depressive disorder participants were the 1st and 2nd group who had a high to moderate level of worry 
towards COVID-19. Aside from, from the multivariate analysis, this study indicated income, psychiatric disorders 
and risk perception towards COVID-19 were statistically significant associated factors related to levels of worry.
Conclusion: Most psychiatric outpatients had good knowledge, good precautionary behaviors and a low level 
of worry towards COVID-19; with associated factors to level of worry being income, risk perception and being 
diagnosed with generalized anxiety disorder. However, major depressive disorder patients should also be concerned.
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INTRODUCTION
        The 2019 coronavirus disease (COVID-19) epidemic 
in China became a global health horror, and the rapid 
spread of the disease raised grave concerns about the future 
trajectory of the outbreak.1 In January 2020, the World 
Health Organization (WHO) declared the COVID-19 
epidemic as a public health emergency of international 

concern.2 In Thailand, on the 13nd of January 2020, the 
first COVID-19 case from Wuhan, Hubei Province, 
China was imported.3

       During the initial phase of the COVID-19 epidemic 
in China, feelings of extreme vulnerability, uncertainty 
and threat to life were perceived.4 In addition, it caused a 
profoundly wide range of psychosocial impacts on people 
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individually, within the community and on international 
levels. According to the individual impact level, the study 
reported that the Chinese people suffered from a moderate 
to severe psychological impact;5,6 such as, fear of falling 
sick or dying, feelings of helplessness, worrying or anxiety 
about their family members contracting COVID-19 
and stigma. Female gender, student status, specific 
physical symptoms and poor self-rated health status 
were significantly associated with a greater psychological 
impact of the outbreak; causing higher levels of stress, 
anxiety, depression,6 fear and stigma, which might be 
certainly a consequence of mass quarantine.6,7 Some 
quarantined people expressed psychological concerns 
including fears about infecting others, being infected 
themselves or having avoidance behaviors of people 
and places after quarantine.8 Additionally, during the 
“repair” phase: when the infection was being brought 
under control, depression and avoidance were evident.4 

        However, during the outbreak of this severely infectious 
disease, the changing of individual mental health and 
psychosocial responses to crisis were the major topics 
that needed essential and adequate handling.9 The next 
emerging outbreak of disease, like COVID-19, may cause 
the same psychological impact; informed, ignorance, 
panic,10-12 fear13,14 and misperceived as possible sources 
for infection,9,14 or it may cause different responses. In 
addition to this, the stigmatization of patients who are 
perceived as possible sources for infection,9 is remarkable.
        Psychiatric patients are people with vulnerable mental 
health, when having significant stress, some patients 
have maladaptive coping, or use an immature defense 
mechanism.15 In the past, the study about psychiatric 
inpatient’s reaction to the SARS epidemic reported the 
patients attempted to reduce the effect of stress by living 
in an “autistic bubble” or by denying it was happening. 
On the other hand, some patients also psychotically 
interpreted these stressors.16 Thereby, psychiatric patients 
should be protected by adequate caution and sufficient 
supplies of protective gear.11 However, COVID-19 is 
a new, emerging, and rapidly evolving situation. This 
outbreak may impact not only healthy people11-13, but also 
those with vulnerable mental health.17 Studies concerning 
knowledge, risk perception or concern, precautionary 
behavior, levels of worry towards  COVID-19 and related 
factors among patients with mental health problems will 
provide basic, useful information for employment of realistic 
risk perception, effective precautions, communication 
through various information sources and psychosocial 
support frameworks before, during and after a challenging 
incident.18-20

MATERIALS AND METHODS
Study design 
        This cross-sectional study explored all psychiatric 
outpatients, who were diagnosed with generalized anxiety 
disorder (GAD), panic disorder, major depressive disorder 
(MDD), schizophrenia and bipolar disorder (BD), at 
Songklanagarind Hospital, Faculty of Medicine, Prince 
of Songkla University. The inclusion criterions were 
psychiatric outpatients, who able to complete all of the 
questionnaires. Exclusion criterion were patients who had 
more than one psychiatric diagnosis or comorbidity and 
were unable or lacked the mental capacity to complete all 
of the questionnaire, or when it was inconvenience for 
them to participate or those that wanted to stop doing 
the questionnaire. 
        Patients interested in participating in the study, 
were provided with the rationale and overview of the 
research, and the researcher called them for an interview, 
by telephone, later. If, at that time was not convenient for 
the participants the researcher would request an interview 
later or stop the interview. Adhering to the policy of 
strict confidentiality, the signatures of the participants 
were not required, and all of the participants retained 
the right to withdraw from the research at any time. 
After the interview, the participants received the result 
promptly, and advice, or further management would be 
provided; if the participants had a high level of worry.
        This study was endorsed by The Ethics Committee 
of the Faculty of Medicine, Prince of Songkla University. 
(REC:63-166-3-4)

Participants
        Using n. for. Survey from R program, the sample size 
was given as at least 384 subjects. Then the participants 
were included from all psychiatric outpatients, who 
had an appointment and were followed up at the 
psychiatric outpatient clinic; from May to June, 2020. 
The co-researcher grouped the patients by counting 80 
participants per diagnosis. The neurosis group contained 
patients diagnosed with panic disorder, GAD and MDD. 
Whereas the non-neurosis group contained patients 
diagnosed with schizophrenia and BD. Each diagnosis 
was retrieved from the medical register, which was based 
on ICD-10 criteria.

Measurement tools
        Questionnaire modification was performed by 5 
psychiatrists, then content validity was conducted. The 
questionnaires composed of 5 parts: 
        1) Personal and demographic inquiry consisting 
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of gender, age, education level, religion, hometown, 
marriage status, income and underlying disease.
	 2) Knowledge towards COVID-19 contained 5 items; 
etiology; route of infection; nature of disease. Each item 
was rated into 2-points ranging from “1” (disagree) to 
“2” (agree).5,21 A total score of more than 3 was having 
good knowledge, and a score of less than 3 was poor 
knowledge.
        3) Risk perception towards COVID-19 contained 
6 items; personal and comparative risk of contracting 
COVID-19 at the same gender, age and living area; 
personal and comparative beliefs in the ability to prevent 
COVID-19 and general infectious diseases. Each item 
was rated into 3-points ranging from “1” (low risk) to 
“3” (high risk). The total scores ranged from 6 to18; a 
score of 6 (low risk perception), 7-12 (moderate risk 
perception), 13-18 (high risk perception).22

        4) The precautionary behaviors towards COVID-19 
were measured by 10 items. The items were: avoiding 
travel in affected areas, or travel on public transport, eating 
at food courts or restaurants, going to work or school, 
shaking hands; wearing mask protection; washing your 
hands by having taken extra care of cleanliness; health 
promotion by eating a balance diet, regular exercise 
and sleeping enough. The total scores ranged from 10 
to 30; a score of 10 (poor precaution), 11-20 (moderate 
precaution), 21-30 (good precaution).22  
        5) The level of worry towards COVID-19 contained 
5 items; worry about one’s own risk of COVID-19; 
prevention and avoidance behavior; disturbance of daily 
activity. Each item was rated into 3-points ranging from 
“1” (no worry) to “3” (high worry).22,23 The total scores 
ranged from 5 to 15; a score of 5-6 (low level of worry), 
7-11 (moderate level of worry), 12-15 (high level of 
worry).23 

Statistical analysis   
        All data were analyzed, in order to describe the 
knowledge, risk perception, precautionary behavior and 
level of worry towards COVID-19, using the descriptive 
statistic method. The results were presented as average, 
percentage, frequency, and standard deviation. Associated 
factors to level of worry towards COVID-19 were analyzed 
by chi-square and logistic regression.

RESULTS
Demographic characteristics 
        There were 400 psychiatric outpatients who completed 
the questionnaires by telephone, 248 were female (62.0%) 
and 204 were unmarried (51.0%). Overall, the mean 
age was 44.5±14.6 years. Of the participants, 245 were 

employed (61.3%) and the median income (IQR) was 
20,000 (20,000-30,000) Baht, per month. In addition, 
more than a half of the participants (64.5%) had no 
medical illness. (Table 1) 

Knowledge towards COVID-19 
        Almost all participants had a good score of knowledge 
towards COVID-19 (91.8%). The mean score of knowledge 
towards COVID-19, among all participants, was 4.7±0.9; 
whereas, the mean score of knowledge towards COVID-19 
among both neurosis and non-neurosis groups was 4.8±0.9, 
4.6±0.9, respectively. However, when a comparison of the 
mean scores of knowledge towards COVID-19 between the 
two groups was made it revealed a statistically significant 
difference. Schizophrenic disorder participants were the 
group which had the lowest number of a good score of 
knowledge towards COVID-19 (77.5%). (Table 2)
        In addition, the majority of participants gained their 
COVID-19 information and knowledge from television, 
family members and social media (98.8%, 67.0%, 59.5%, 
respectively). Besides this, the participants felt satisfied 
with the amount of health information available in 
media (95.2%).

The risk perception towards COVID-19 
        According to this survey, more than a half of the 
participants had low risk perception towards COVID-19 
(54.2%). The mean score of risk perception towards 
COVID-19, among all participants, was 7.8±2.2; whereas, 
the mean score of risk perception towards COVID-19 
among the neurosis and non-neurosis group were 8.2±2.4, 
7.2±1.8, respectively. In addition, there was statistically 
significant difference of the mean score of risk perception 
towards COVID-19 between the two groups. (Table 2) 

The precautionary behavior towards COVID-19 
        Almost all participants had good precautionary 
behavior towards COVID-19 (97.5%). The mean score 
of precautionary behavior towards COVID-19 among 
all participants was 24.8±2.3; whereas, the mean score 
of precautionary behavior towards COVID-19 among 
both the neurosis and non-neurosis group were 25.5±2.2, 
23.9±2.1, respectively. Among the precautionary behavior 
towards COVID-19, there was no statistically significant 
difference between the two groups. (Table 2)  

The level of worry towards COVID-19
        More than a half of the participants had a low level 
of worry towards COVID-19 (67.0%). The mean level 
of worry towards COVID-19, among all participants, 
was 6.4±1.9; whereas, the mean level of worry towards 
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TABLE 1. Demographic characteristics (n=400). 

Demographic				          Number (%)				    Chi2
characteristics									         P-value
				    Neurosis			           Non-neurosis
		  All group 	 GAD	 Panic	 MDD	 Total	 BD	 Schizophrenia	 Total
		  (n=400)	 (N=80)	 (N=80)	 (N=80)	 (N=240)	 (N=80)	 (N=80)	 (N=160)	

Gender									         <0.001
	 Male	 152 (38.0)	 17 (21.2)	 16 (20.0)	 28 (35.0)	 61 (25.4)	 47 (58.8)	 44 (55.0)	 91 (56.9)	
	 Female	 248 (62.0)	 63 (78.8)	 64 (80.0)	 52 (65.0)	 179 (74.6)	 33 (41.2)	 36 (45.0)	 69 (43.1)	

Marital status									         <0.001
	 Single/ Divorce	 211 (52.8)	 23 (28.7)	 36 (45.0)	 48 (60.0)	 107 (44.6)	 38 (47.5)	 66 (82.5)	 104 (65.0)	
	 Married	 189 (47.2)	 57 (71.2)	 44 (55.0)	 32 (40.0)	 133 (55.4)	 42 (52.5)	 14 (17.5)	 56 (35.0)	

Religion									         0.84
	 Buddhism	 337 (84.2)	 70 (87.5)	 66 (82.5)	 65 (81.2)	 201 (83.8)	 70 (87.5)	 66 (82.5)	 136 (85.0)	
	 Islam, other	 63 (15.8)	 10 (12.5)	 14 (17.5)	 15 (18.8)	 39 (16.2)	 10 (12.5)	 14 (17.5)	 24 (15.0)	

Highest level of education									         0.01
	 Primary school and below	 119 (29.8)	 37 (46.2)	 28 (35)	 13 (16.2)	 78 (32.5)	 17 (21.2)	 24 (30)	 41 (25.6)	
	 Secondary school	 124 (31.0)	 13 (16.2)	 14 (17.5)	 34 (42.5)	 61 (25.4)	 32 (40.0)	 31 (38.8)	 63 (39.4)	
	 Bachelor degrees and above	 157 (39.2)	 30 (37.5)	 38 (47.5)	 33 (41.2)	 101 (42.1)	 31 (38.8)	 25 (31.2)	 56 (35.0)	

Home province									         0.68
	 Songkhla	 261 (65.2)	 48 (60)	 57 (71.2)	 54 (67.5)	 159 (66.2)	 51 (63.7)	 51 (63.7)	 102 (63.7)	
	 Other 	 139 (34.8)	 32 (40)	 23 (28.7)	 26 (32.5)	 81 (33.8)	 29 (36.2)	 29 (36.2)	 58 (36.2)	

Income (Baht/month)									         0.19
	 No salary	 135 (33.8)	 35 (43.8)	 18 (22.5)	 37 (46.2)	 90 (37.5)	 16 (20.0)	 29 (36.2)	 45 (28.1)	
	 ≤15,000	 58 (14.5)	 11 (13.8)	 14 (17.5)	 10 (12.5)	 35 (14.6)	 10 (12.5)	 13 (16.2)	 23 (14.4)	
	 15,001-25,000	 134 (33.5)	 24 (30.0)	 34 (42.5)	 19 (23.8)	 77 (32.1)	 34 (42.5)	 23 (28.7)	 57 (35.6)	
	 >25,000	 73 (18.2)	 10 (12.5)	 14 (17.5)	 14 (17.5)	 38 (15.8)	 20 (25.0)	 15 (18.8)	 35 (21.9)	

Medical illness									         1
	 No	 258 (64.5)	 38 (47.5)	 60 (75.0)	 57 (71.2)	 155 (64.6)	 45 (56.2)	 58 (72.5)	 103 (64.4)	
	 Yes	 142 (35.5)	 42 (52.5)	 20 (25.0)	 23 (28.7)	 85 (35.4)	 35 (43.8)	 22 (27.5)	 57 (35.6)	

Chi2 p-value is comparison between neurosis and psychosis

Maneepongpermpoon et al.
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TABLE 2. Knowledge, risk perception, precautionary behavior and level of worry towards COVID-19 (n=400).

					          Number (%)				    Chi2
										          P-value
				    Neurosis 			          Non-neurosis 	
		  All group	 GAD	 Panic	 MDD	 Total	 BD	 Schizophrenia	 Total
		  (n=400)	 (N=80)	 (N=80)	 (N=80)	 (N=240)	 (N=80)	 (N=80)	 (N=160)	

Knowledge									         < 0.001

	 Poor	 21 (5.2)	 5 (6.2)	 2 (2.5)	 4 (5.0)	 11 (4.6)	 2 (2.5)	 8 (10.0)	 10 (6.2)	

	 Fair	 12 (3.0)	 1 (1.2)	 0 (0.0)	 0 (0.0)	 1 (0.4)	 1 (1.2)	 10 (12.5)	 11 (6.9)	

	 Good	 367 (91.8)	 74 (92.5)	 78 (97.5)	 76 (95.0)	 228 (95.0)	 77 (96.2)	 62 (77.5)	 139 (86.9)	

Risk perception									         <0.001

	 Low risk	 217 (54.2)	 35 (43.8)	 42 (52.5)	 34 (42.5)	 111 (46.2)	 54 (67.5)	 52 (65.0)	 106 (66.2)	

	 Moderate	 169 (42.2)	 39 (48.8)	 35 (43.8)	 42 (52.5)	 116 (48.3)	 25 (31.2)	 28 (35.0)	 53 (33.1)	

	 High	 14 (3.5)	 6 (7.5)	 3 (3.8)	 4 (5.0)	 13 (5.4)	 1 (1.2)	 0 (0.0)	 1 (0.6)	

Precautionary behavior									         0.53a

	 Poor	 0 (0.0)	 0 (0.0)	 0 (0.0)	 0 (0.0)	 0 (0.0)	 0 (0.0)	 0 (0.0)	 0 (0.0)	

	 Moderate 	 10 (2.5)	 2 (2.5)	 2 (2.5)	 1 (1.2)	 5 (2.1)	 1 (1.2)	 4 (5.0)	 5 (3.1)	

	 Good 	 390 (97.5)	 78 (97.5)	 78 (97.5)	 79 (98.8)	 235 (97.9)	 79 (98.8)	 76 (95.0)	 155 (96.9)	

Level of worry 									         <0.001

	 Low	 268 (67.0)	 39 (48.8)	 59 (73.8)	 44 (55.0)	 142 (59.2)	 61 (76.2)	 65 (81.2)	 126 (78.8)	

	 Moderate	 120 (30.0)	 36 (45.0)	 19 (23.8)	 32 (40.0)	 87 (36.2)	 18 (22.5)	 15 (18.8)	 33 (20.6)	

	 High	 12 (3.0)	 5 (6.2)	 2 (2.5)	 4 (5.0)	 11 (4.6)	 1 (1.2)	 0 (0.0)	 1 (0.6)	

aFisher's exact test
Chi2 p-value is comparison between neurosis and psychosis
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COVID-19 among the neurosis and non-neurosis groups 
were 6.8±2.1, 5.9±1.6, respectively. Amongst the level 
of worry towards COVID-19, there were statistically 
significant differences between the two groups. In 
addition, GAD and MDD participants were the 1st and 
2nd groups who had high to moderate levels of worry 
towards COVID-19. (Table 2)

The association between demographic characteristics, 
knowledge, risk perception, precautionary behavior 
towards COVID-19, and level of worry
	 Variables, whose p-values from the univariate 
analysis were lower than 0.2, were included in multivariate 
analysis. From the multivariate analysis it was indicated 
that income, psychiatric disorder, and risk perception 
towards COVID-19 were statistically significant associated 
factors related to level of worry. 
	 Finally, the participants who had lower income 
reported more level of worry than the higher income and 

unemployed groups. Comparing with GAD participants, 
other neurosis and non-neurosis participants had lower 
level of worry towards COVID-19. (Table 3) 

DISCUSSION
        This survey indicated that the majority of psychiatric 
outpatients had good knowledge towards COVID-19 as 
well as which, they perceived that they had a low risk 
perception towards COVID-19 infection. However, almost 
all psychiatric outpatients still had good precautionary 
behavior towards COVID-19. The reason for this outcome 
might be that all participants were psychiatric outpatients, 
who might have a few psychological symptoms and more 
ability to get news or health information than psychiatric 
inpatients. Besides, all participants were university 
hospital outpatients who might get more medical data 
towards COVID-19 than general psychiatric hospital 
patient. In addition, the majority of schizophrenia and 
bipolar outpatients at Songklanagarind Hospital had 

TABLE 3. Factors associated with moderate to high level of worry towards COVID-19.

Factors	 Crude OR	 Adjusted OR	 P-value

		  (95%CI)	  (95%CI)	 LR-test

Income				    0.016

	 ≥ 25,000	 Reference	 Reference	

	 15,001-25,000	 1.34 (0.74,2.42)	 1.81 (0.84,3.90)	

	 ≤ 15,000	 1.92 (0.95,3.89)	 2.83 (1.06,7.51)*

	 No income	 0.39 (0.20,0.76)	 0.70 (0.28,1.72)

Psychiatric disease			   <0.001

	 GAD	 Reference	 Reference	

	 Panic	 0.34 (0.17,0.66)	 0.18 (0.07,0.46)*	

	 MDD	 0.78 (0.42,1.45)	 0.55 (0.22,1.36)	

	 BD	 0.30 (0.15,0.58)	 0.30 (0.12,0.80)*	

	 Schizophrenia	 0.22 (0.11,0.45)	 0.16 (0.06,0.44)*	

Risk perception			   <0.001

	 Moderate to high risk	 Reference	 Reference	

	 Low risk 	 0.02 (0.01,0.05)	 0.03 (0.01,0.06)*	

*Statistical significance
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fair to good quality of life, low level of stigma as well as 
having self-esteem and self-actualization.24,25 Moreover, 
most of the psychiatric patients’ caregivers were either; 
their mother or father or close relatives; who had a low 
feeling of burden in caring. Hence, they could take care 
of and help the psychiatric patients to cope or protect 
themselves towards COVID-19 via adequate caution very 
well.26 Therefore, the participants in this study had good 
precautionary behavior and low level of worry towards 
COVID-19, which was different from the previous study 
conducted as to the SARS epidemic, in which it reported 
that psychiatric inpatients attempted to reduce the effect 
of stress by denying the significance of these stressors.16

	 However, the study found the prevalence of moderate 
to high level of worry towards COVID-19, among the 
psychiatric outpatients, was 33.0%. Moreover, the GAD 
participants reported the highest level of worry towards 
COVID-19, which might be the nature of the disorder. 
As the previous study, during the COVID-19 epidemic 
in China, 23.6% neurosis patients with, major depressive 
disorder, anxiety disorders, mixed anxiety and depressive 
disorder reported a score of 10 or higher in the DASS-
21 anxiety score, indicating the presence of moderate 
to severe anxiety symptoms.27 Moreover, the related 
factors to level of worry towards COVID-19 were risk 
perception towards COVID-19. The higher risk perception 
of infection was associated with a higher level of worry 
and protective behavior.28,29 Those results were the same 
as the findings from this study.
        In addition, our study identified that unemployed 
status was significantly associated with low level of 
worry towards COVID-19. The reason might be due to 
spending more time at home, so as the risk perception 
was lower. On the other hand, employed status and 
stay-at-home orders were associated with greater health 
anxiety, financial worry and loneliness.30 Therefore, the 
employed group should be considered as part of the 
mental health crisis. Furthermore, a high education 
level was significantly associated with a high level of 
worry towards COVID-19. More educated patients may 
have more knowledge, can get more information, so 
their over-concern might lead to a higher level of worry 
towards COVID-19. As the previous study showed that 
the more level of epidemic knowledge, the more level 
of epidemic worry.22 In contrast; however, some studies 
have shown that improving knowledge of the epidemic 
could reduce the fear and anxiety.31 
	 Finally, this study showed 91.8% of participants had a 
good score of COVID-19 knowledge. Moreover, 97.5% of 
the participants had good precautionary behavior towards 
COVID-19. In our opinion, Thailand is a country that has 

an excellent, primary health care system, which provides 
for a good capacity to distribute health knowledge, health 
promotion and prevention towards COVID-19, for all 
of those living in the Thai population. Hence, all over 
Thai people can perceive the current health information 
correctly and in a real time process. 

Strengths and limitations 
        This study had strengths and limitations. To our 
knowledge, it is the first study that explored coping 
strategies, knowledge, and levels of psychological problems 
in people with mental disorders. The study also involved a 
considerable sample size of the participants with various 
diagnoses. However, there were some limitations to this 
study. Regarding the cross-sectional survey, this study 
employed self-reporting questionnaire’s, for individual 
evaluation via telephone. Because of social distancing 
policy, we could not perform a face to face interview, 
so the information might have been led into a bias. In 
addition, restriction of inpatient admission, therefore, we 
could not evaluate the inpatient who assumed having more 
active symptoms. Moreover, this study was quantitative, 
and the sample size was restricted to only psychiatric 
outpatients from the university hospital in the lower 
part of Southern Thailand and psychiatric outpatients 
from other general psychiatric hospital or clinic were not 
included. Furthermore, this study surveyed only GAD, 
panic disorder, MDD, BD and schizophrenia patients 
whereas, healthy control group was not compared. Thus, 
it is too soon to generalize nation-wide, or cannot be 
used for summing up all Thai psychiatric outpatients or 
inpatients. Besides these factor, the study surveyed in 
the nearly ‘repair’ phase of the COVID-19 epidemic in 
Thailand, thus saying it may not cover all related matters 
to patient stress, during all phases of this epidemic.   

Future recommendations and implications
        Henceforward, studies have been recommended to 
include additional psychiatric outpatients and inpatients 
at other hospitals, within Thailand. In other words, a 
multi-center study should be introduced. Furthermore, 
comparing with normal people, and including other 
psychiatric patients such as obsessive–compulsive disorder, 
schizoaffective disorder should be performed. Moreover, 
other studies should retain more qualitative or in depth 
methods for specific psychiatric disorders, and survey 
them during all epidemic phases.

CONCLUSION
        Most psychiatric outpatients had good knowledge, 
good precautionary behavior and a low level of worry 
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towards COVID-19. Associated factors, as to the level of 
worry; being income, risk perception and being diagnosed 
with GAD. However, MDD were the patient whom 
should be as of as concern.
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Outcomes of Percutaneous Drainage vs. Antibiotic 
Therapy Alone or Emergency Surgery in 
Periappendiceal Abscess

ABSTRACT
Objective: To compare the treatment outcomes in patients with periappendiceal abscess who underwent percutaneous 
drainage, antibiotics therapy alone, or emergency surgery in a single hospital. 
 
Methods: From January, 2013 to December, 2018, a retrospective cohort study was done in 124 patients who were 
diagnosed as periappendiceal abscess or phlegmon by CT scan in Siriraj Hospital, Bangkok. We evaluated patients’ 
demographics, the abscess characteristics, and the outcomes of treatment including one of the three therapeutic 
options: image-guided percutaneous drainage, antibiotics alone, or emergency surgery. 
Results: Among 124 patients, 44 (35.5%) underwent percutaneous drainage, 57 (46.0%) were treated with antibiotics 
alone, and 23 (18.5%) underwent emergency surgery. The percentages of patients with successful outcomes were 
84.1% in percutaneous drainage, 98.2% in antibiotics treatment alone, and 95.7% in surgery. Antibiotics treatment 
alone was significantly associated with more successful outcome, with odds ratio (OR) of 9.882 (95% CI 1.162-
84.066; P value 0.036), as compared with percutaneous drainage, while surgery showed no significant difference. 
The length of stay in the percutaneous drainage group (median of 10 days, minimum or maximum of 3 or 67 days) 
was significantly longer than the antibiotics group (median of 6 days, minimum or maximum of 1 and 53 days) 
with a P value of 0.008. 
Conclusion: The antibiotics treatment alone was significantly associated with more successful outcome and shorter 
hospital stay than percutaneous drainage in patients with a periappendiceal abscess or a phlegmon. We suggest 
percutaneous drainage in the patients with larger sized abscess and show no improvement after antibiotics treatment.
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INTRODUCTION
	 Perforated appendicitis resulting in periappendiceal 
abscess occurs approximately 20% in patients with acute 
appendicitis and often causes morbidity.1 A contrast-
enhanced computed tomography (CT) scan is a diagnostic 
tool that can evaluate the feasibility of percutaneous abscess 

drainage and can guide the access route of drainage, 
either transabdominal or transgluteal approach.2 
  	 There is no definite treatment guideline for these 
group of patients, either conservative management 
(antibiotic therapy alone or antibiotics combined with 
percutaneous drainage) or emergency surgery.3 

Chaiyasoot et al.
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	 Percutaneous drainage with intravenous (IV) antibiotics 
in periappendiceal abscess is an effective and minimally 
invasive treatment.4-9 However, some patients develop 
complications after percutaneous drainage leading to 
prolonged hospitalization or emergency appendectomy. 
An algorithm for the management of periappendiceal 
abscesses indicated that, if there is diffuse peritonitis, the 
patient should undergo immediate surgery. But if there 
is no peritonitis, the feasibility of percutaneous drainage 
should determine the management.2 

Objectives
	 The purpose of this study was to compare the outcomes 
of patients with periappendiceal abscess or phlegmon 
who were treated by percutaneous drainage, antibiotics 
alone or emergency surgery, in our university hospital.  

MATERIALS AND METHODS
Patient selection
	 The study protocol was approved by the Institutional 
Review Board (IRB) of Siriraj Hospital, Mahidol University 
(Si 423/2019). We retrospectively analyzed all patients 
who were diagnosed as periappendiceal abscess based 
on CT findings and confirmed by the patients’ discharge 
summary from January, 2013 to December, 2018. Those 
patients underwent one of these three treatment options: 
ultrasound (US) or CT-guided percutaneous drainage, 
IV and oral antibiotics therapy alone, or surgery. The 
treatment choice was judged individually by the referring 
physicians based on the patients’ imaging findings. All 
patients had been treated with antibiotics before and after 
drainage/surgery until complete course. The patients were 
classified as percutaneous drainage group if drainage was 
done within three days after the diagnosis, as recommended 
by Richmond.2 The feasibility of drainage was decided 
by on-call interventional radiologists.
	 Among a total of 137 patients whose CT showed 
periappendiceal abscess or phlegmon, ten patients were 
excluded due to being transferred to other hospitals. 
Three were excluded because their final pathological 
diagnoses resulted in appendiceal or cecal tumor. The 
remaining 124 patients were included in our study.  

Preprocedure CT
	 A diagnostic CT scan (120 kVp; 300 mA; section 
thickness, 1.25 mm; pitch, 1.735:1) was conducted on a 
64-slice CT scanner (GE Light speed VCT), (GE Discovery), 
and a 256-MDCT (GE revolution CT). Intravenous 
contrast-enhanced CT (non-ionic iodinate contrast 
media 350 mg I/ml) was performed with a dose of 2 ml/kg. 
and an injection rate of 3 ml/second.

Data collection
	 The demographic data, abscess characteristics, time 
interval between percutaneous drainage and surgery, 
and type of surgical procedures were all recorded.
	 A periappendiceal abscess is defined as a fluid collection 
adjacent to the appendix, which has an attenuation of 
0-20 Hounsfield units (HU) on CT scan. A phlegmon is 
defined as an area measuring 20 HU or greater within 
the periappendiceal fat. 
	 We graded abscess based on Jeffrey, et al.’s classification 
system.10 Grade 1 is defined as periappendiceal phlegmon 
or abscess smaller than or equal to 3 cm. Grade 2 is a 
well-circumscribed periappendiceal abscess larger than 
3 cm. Grade 3 is a large, poorly defined periappendiceal 
abscess extending to a distant location (pelvic cavity or 
interloop spaces) and multiple abscesses.     
	 Percutaneous drainage procedures were performed 
by four experienced interventional radiologists. The details 
of each procedure are shown in Table 1. The sizes of the 
catheter (SKATERTM Drainage System, ARGON Medical 
Devices, Athens) were between 8-12 Fr, depending on 
the viscosity of the aspirated fluid. Almost all access 
routes were transabdominal (Fig 1); only one patient 
had transgluteal route.

TABLE 1. The detail of percutaneous abscess drainage 
procedures.

Variables	 n = 44

Image guidance	

	 CT guided	 8 (18.2%)

	 US guided	 11 (25.0%)

	 CT and US guided	 25 (56.8%)

Technical approach	

	 Transabdominal	 43 (97.7%)

	 Transgluteal	 1 (2.3%)

Catheter size (Fr)	

	 8 Fr	 12 (27.3%)

	 10 Fr	 26 (59.1%)

	 12 Fr	 6 (13.6%)

Data are expressed as number (percentage)
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	 A successful outcome for percutaneous drainage is 
defined as the patient recovering after a single drainage 
by decreasing fluid output (less than 10 ml/day x 3 
consecutive days), with a follow-up CT and/or US 
showing a decreasing size of the abscess, and the patient 
being discharged from the hospital without surgery. 
Percutaneous drainage failure is defined when clinical 
worsening after drainage and need urgent surgery. The 
patients who later had elective surgery were not classified 
as percutaneous drainage failure. A successful outcome 
for antibiotics treatment is defined as the patient’s clinical 
improvement and/or follow-up imaging shows abscess 
resolution, and the patient being discharged after IV 
antibiotics given for seven days.2 A failed outcome for 
antibiotic treatment alone are a clinically worsening after 
treatment and need further percutaneous drainage or 
urgent surgery. A successful outcome for surgery is defined 
as patient recovery after a surgery and can be discharged 
from the hospital. After the first surgical procedure, if a 
patient required re-admission for antibiotics treatment, 
percutaneous drainage, or re-surgery, it is defined as 
surgical failure outcome.
	 The antibiotic protocols in our hospital were 
Ceftriaxone, 2 grams IV OD, with Metronidazole; 500 
milligrams IV q 8 hours; or Piperacillin/ Tazobactam, 
4.5 grams IV q 8 hours for 5-7 days. In the percutaneous 
drainage group and the surgery group, IV antibiotics 
were continued after drainage/surgery until 14 days. 
After discharge from the hospital, all patients received 
oral antibiotics: Cefdinir, 200 milligrams PO q 12 hours, 
with Metronidazole, 400 milligrams PO q 8 hours for 7 
days.

Statistical analysis
	 Data were prepared and analyzed using PASW 
Statistics 18.0 (SPSS Inc., Chicago IL USA). Patients’ 
clinical characteristics were summarized as median 
(minimum, maximum) for quantitative variables, while 
numbers and percentages were summarized for qualitative 
variables. The Mann-Whitney U test was used to compare 
quantitative variables between the successful and failed 
groups. The Pearson Chi-square test or Fisher’s Exact test 
was used to compare the qualitative variables between the 
groups. Backward conditional-binary logistic regression 
was used to adjust any confounding variables between 
the treatment and the outcome. 

RESULTS
	 Among 124 patients, 68 were male (54.8%) and 
56 were female (45.2%), with a mean age of 53 (a range 
from 7-93 years). Symptoms onset until admission was 
1-30 days (a mean of 5 days). 
	 We categorized the patients into three groups 
according to the treatment options: 44 people (35.5%) 
underwent percutaneous drainage; 57 (46.0%) were 
treated with antibiotics alone, and the remaining 23 
patients (18.5%) underwent emergency surgery. The 
characteristics of the abscesses in each group are shown in 
Table 2. The abscess size was largest in the percutaneous 
drainage group (a median size of 6.0 cm.), which had 
statistically significant difference as compared with the 
antibiotics-alone and surgery groups.
	 For the abscess grade, a Grade 1 abscess was found 
least frequently in the percutaneous drainage group, 
as compared to the other two groups, with a statistical 

Fig 1. Grade 2 abscess in a 58-year-old female with abdominal pain and diarrhea for 1 week. 
(A) Contrast CT showed a well-circumscribed periappendiceal abscess, size 6.1x3.5 cm. with internal air bubbles (asterisk) at right lower 
abdomen. (B) The patient underwent percutaneous transabdominal drainage of abscess. Follow up CT showed resolution of the abscess. 
Note the drainage catheter (arrow)
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TABLE 2. Comparison of patients’ demographics and characteristics of abscess in each treatment option; percutaneous 
drainage, antibiotic (ATB) therapy alone and surgery alone.

Variables	 Percutaneous	 ATB alone	 Surgery	 P-value

		  drainage (n = 44)	 (n = 57)	 (n = 23)	

Abscess size (cm)	 6.0 (2.5, 12.3)	 3.7 (0.9, 12.0)	 3.6 (0.9, 11.0)	 <0.001

Abscess grade				  

	 Grade 1	 2 (4.5%)	 17 (29.8%)	 6 (26.1%)	 0.005a,b

	 Grade 2	 29 (65.9%)	 35 (61.4%)	 14 (60.9%)	 0.875

	 Grade 3	 13 (29.5%)	 5 (8.8%)	 3 (13.0%)	 0.019a

Number of abscess	 	 	 	 0.173

	 Single	 35 (79.5%)	 52 (91.2%)	 18 (78.3%)	

	 Multiple	 9 (20.5%)	 5 (8.8%)	 5 (21.7%)	

Phlegmon	 0 (0.0%)	 21 (36.8%)	 1 (4.3%)	 <0.001

Abscess location				    0.021

	 Right lower quadrant	 32 (72.7%)	 53 (93.0%)	 18 (78.3%)	

	 Extend to distant location	 12 (27.3%)	 4 (7.0%)	 5 (21.7%)	

Extraluminal air	 27 (56.2%)	 10 (20.8%)	 11 (22.9%)	 <0.001

Appendicolith	 7 (28.0%)	 9 (36.0%)	 9 (36.0%)	 0.043

Small bowel obstruction	 2 (40.0%)	 1 (20.0%)	 2 (40.0%)	 0.352

Length of stay (days)	 10 (3, 67)	 6 (1, 53)	 6 (2, 16)	 0.008

Recurrent appendicitis	 1 (2.3%)	 3 (5.3%)	 0 (0.0%)	 0.438

Data are expressed as number (percentage), median (minimum, maximum)
a=Percutaneous drainage and ATB alone, b=Percutaneous drainage and surgery

difference (P value 0.005). A Grade 2 abscess was found 
most frequently in every group, with no statistically 
significant differences (P value 0.875). A Grade 3 abscess 
was significantly found much more in the percutaneous 
drainage group than in the antibiotics-alone group (P value 
0.019). The number of abscesses was single more than 
multiple in every group, with no significant difference. 
Phlegmon was found most frequently in the antibiotics-
alone group. The length of stay for the percutaneous 
drainage group was significantly longer than for the 
antibiotics and surgical group. 
	 The successful and failed outcomes for each treatment 
modality are summarized in Table 3. One patient who failed 
antibiotics treatment alone underwent appendectomy 15 
days later. Another patient had a 6-cm intra-abdominal 

collection post-surgery but was successfully treated with 
antibiotics. After adjusting the confounding variables 
(abscess grade, location, phlegmon, extraluminal air, 
appendicolith, and length of stay), the results showed 
that the antibiotics-alone group had a significantly more 
successful outcome, with an OR of 9.882 (95% CI 1.162-
84.066; P value 0.036) while the surgery group had no 
significance, with an OR of 4.529 (95% CI 0.521-39.386; 
P value 0.171), as compared with the percutaneous 
drainage group.
	 Total of 124 patients, 65 (52.4%) had an imaging 
follow-up either CT and/or US and 59 (47.6%) had no 
imaging follow-up. For the antibiotics-alone group, 
26/57 (45.6%) had CT and/or US follow-up. For the 
percutaneous drainage group, 36/44 (81.8%) had CT 
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and/or US follow-up before the catheter removal. For 
the surgical group, 5/23 (21.7%) had CT and/or US 
follow-up. Table 4 shows the outcomes after percutaneous 
drainage, indications and types of surgery. The majority 
of patients with a successful outcome after percutaneous 
drainage did not undergo surgery (31/44, 70.5%), but 
6/44 (13.6%) had an interval appendectomy.

DISCUSSION
	   Perforated acute appendicitis resulting in 
periappendiceal abscess can cause major morbidity. 
The definite treatment guidelines for this disease remain 
controversial. In our study, we divided patients who were 
diagnosed as ruptured appendicitis with periappendiceal 
abscess or phlegmon into three groups by the treatment 
options: percutaneous drainage, antibiotics therapy 

alone, or emergency surgery. In a study by Marin, et al.4, 
percutaneous drainage in patients with perforated acute 
appendicitis had high clinical and technical success rates 
up to 90% (37 of 41 patients), with no procedure-related 
complications. Similar to our study, there was a high 
successful outcome in percutaneous drainage treatment, 
37 out of 44 patients (84.1%), and 56 out of 57 patients 
(98.2%) who were treated by antibiotics alone. Our study 
agreed with previous studies that percutaneous drainage 
resulted in good treatment outcome ranged from 78.6% 
to 100%.5-8 
	 A meta-analysis by Anderson and Petzold9 found 
that antibiotics treatment alone for periappendiceal 
abscess had a successful outcome in 93% of the cases, 
and percutaneous drainage was needed for only 20%. 
Furthermore, a study by Miftaroski et al.11 found only 

TABLE 3. Outcome within treatment options.

TABLE 4. Outcomes after percutaneous drainage.

	 Choice	 Successful outcome	 Failure outcome

	 Percutaneous drainage (n = 44)	 37 (84.1%)	 7 (15.9%)

	 Antibiotics alone (n = 57)	 56 (98.2%) 	 1 (1.8%)

	 Surgery (n = 23)	 22 (95.7%)	 1 (4.3%)

Outcome	 n = 44

Successful outcome	 37 (84.1%)

Failure outcome	 7 (15.9%)

Time from drainage to surgery (days)	 42 (2-298)

Indications and types of surgery	

   	 Interval appendectomy	 6 (13.6%)

	 Exploratory laparotomy with drainage (Failed drainage)	 3 (6.8%)

  	  Hemicolectomy (Failed drainage)	 4 (9.1%)

   	 Surgery not done	 31 (70.5%)

Data are expressed as number (percentage), median (minimum, maximum)
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1 out of 15 patients (7%) who had initially successful 
treatment via combining antibiotics and CT-guided 
drainage for a perityphlitic appendiceal abscess had 
recurrent appendicitis. Similar to our study, the risk of 
recurrent appendicitis was very low as 1 out of 44 patients 
(2.3%) in the percutaneous drainage group and 3 out 
of 57 (5.3%) in the antibiotics-alone group, but with no 
statistical significance (P value, 0.438).
	 The purpose of our study was to retrospectively 
compare the outcomes of treatment in patients with 
periappendiceal abscess or phlegmon who underwent: 
percutaneous drainage, antibiotics therapy alone, or 
emergency surgery. Until recently, studies have mostly 
compared the treatment outcomes between two groups: 
immediate surgery and non-surgical treatment.3,7,12 Those 
studies revealed a better outcome for the conservatively 
treated group, with a lower incidence of complications. 
Kim JK, et al.3 compared the treatment outcomes between 
emergency operation and antibiotics groups, with or 
without percutaneous drainage. They showed a good 
outcome (91.7%) for the conservatively treated group. 
The only prospective, randomized, controlled trial study 
that compared the outcomes between percutaneous 
drainage group and antibiotics-only group was by Zerem 
et al.,13  which included periappendiceal abscesses equal 
to or >3 cm in diameter. Those researchers concluded 
that percutaneous drainage with antibiotics treatment 
was more efficient than antibiotics alone because an 
appendectomy was less performed in the combined 
antibiotics and percutaneous drainage group than in 
the antibiotics-alone group. 
	 In contrast to our study, after adjusting the confounding 
variables (i.e., abscess grade, location, phlegmon, extraluminal 
air/ appendicolith, and the length of stay), we found that 
antibiotics treatment alone was significantly associated 
with a more successful outcome, with an OR of 9.882 
(95% CI 1.162-84.066; P value 0.036), as compared with 
the percutaneous drainage group. But surgery showed 
no statistical difference to percutaneous drainage, given 
its OR of 4.529 (95% CI 0.521-39.386; P value 0.171). As 
compared the successful outcomes among the three groups, 
antibiotics treatment alone had a successful outcome of 
48.7% (56 out of 115 patients), while the percutaneous 
drainage group had a successful outcome of 32.2% (37 out 
of 115 patients), and the surgery group had a successful 
outcome of 19.1% (22 out of 115 patients). Our result is 
different from that of Zerem et al.13 because we included 
patients who were diagnosed as phlegmon in 21 out of 
57 patients (36.8%) in the antibiotics-alone group, but 
none of the patients were diagnosed as phlegmon in the 
percutaneous drainage group. Furthermore, patients 

with varying sizes of abscesses were included in our 
study. We found that the abscess size was largest in the 
percutaneous drainage group (median size of 6.0 cm.) 
as compare to the antibiotics-alone and surgical groups 
which (median size of 3.7 cm. and 3.6 cm. respectively) 
with a statistically significant difference (P value <0.001). 
It means that if the abscess is large (equal to or >6 cm), 
the clinician tends to choose percutaneous drainage as 
the treatment option rather than giving antibiotic alone 
or surgery. 
	 Abscess size and grade are according to each other. 
Table 2 shows that a Grade 1 abscess (equal or <3 cm.) 
was found least frequently in the percutaneous drainage 
group, as compared to the other two groups, with a 
statistical difference. It represents the clinicians’ preferring 
antibiotic or surgical treatment in cases of small sized 
abscess. In contrast to a Grade 3 abscess (a large abscess 
or multiple locations) which was significantly found 
much more in the percutaneous drainage group than in 
the antibiotics-alone group. It implies that the clinicians 
tend to consult percutaneous drainage in patients with 
large sized abscess. Because antibiotics therapy alone may 
not be effective to get rid of those abscesses and surgical 
technique may be more difficult in multiple abscesses 
leading to post-operative recurrence. For a Grade 2 
abscess (>3 cm. but localize), which was found equally 
in every group, without significant differences. So, the 
choice of treatment in Grade 2 abscess should depend 
on clinical judgement either percutaneous drainage, 
antibiotic treatment or surgery. 
	 The study by Zerem et al.13 found that the length of 
hospital stay was significantly shorter in the percutaneous 
drainage group. But we found longer hospital stay in 
the percutaneous drainage group (a median of 10 days) 
than in the antibiotics group (a median of 6 days), with a  
P value of 0.008. This was due to the fact that some patients 
with post-percutaneous drainage were hospitalized until 
no drainage output or imaging follow-up showed abscess 
resolution, then the drainage catheters were removed 
before they were discharged. 
	 The limitations in our study are that it’s retrospective 
and has a single-center design. The patients’ sample 
size in each group was rather small. Our result which 
indicated that antibiotics treatment alone was significantly 
associated with more successful outcome as compared 
with percutaneous drainage had an OR of 9.882 and very 
wide range of confidence interval (95% CI 1.162-84.066). 
Further research with more sample size is needed to make 
the results more reliable. Lastly, some of the patients had 
an incomplete clinical-data record, and approximately 
50% of them did not have imaging follow-up. 
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CONCLUSION
	 The antibiotics treatment alone was significantly 
associated with more successful outcome and shorter 
hospital stay than percutaneous drainage in patients with 
a periappendiceal abscess or a phlegmon. We suggest 
percutaneous drainage in the patients with larger sized 
abscess and show no improvement after antibiotics 
treatment. 
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The Impact of Glaucomatous Visual Field Defects 
on Speed and Eye Movements during Reading

ABSTRACT
Objective: To investigate the link between glaucomatous visual field defects and reading performance by assessing 
reading speed and eye movements in reading. 
Methods: Eight glaucoma patients and 8 normal-sighted participants were recruited using convenience sampling 
in this cross-sectional study. The visual field was evaluated using the Humphrey Matrix 24-2. Reading speed was 
assessed in words per minute using Buari-Chen Malay Reading Chart and the SAH reading passages compendium. 
Eye movements in reading were recorded using 3D video-oculography. 
Results: Glaucoma and control groups displayed significant differences in reading speed (t=3.12; p<0.05) and 
fixation (t=-2.59; p<0.05). Reading speed was significantly correlated with the total defect areas (r =+0.62, p<0.05) 
and the types of glaucomatous field defects (Analysis of Variance, ANOVA: F =4.65, p<0.05). No correlation was 
apparent in eye movements (p>0.05). 
Conclusion: The association of defect areas and types with reading speed but not with eye movements might suggest 
a different coping strategy between eye movement adjustment and reading adaptation in response to visual field 
defects. Significant association with fixation but not with saccades might indicate that the disengaged and engaged 
mechanisms of visual attention are affected differently by visual field defects.
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INTRODUCTION
	 Reading involves the integration of visual information, 
encompassing visual-spatial skills in locating information, 
visual recognition of text, and visual encoding of letters, 
words, and sentences.1,2 Intact visual field facilitates visual 
navigation to locate the text and lines during reading. 
Visual field defect has been reported to contribute to daily 
living difficulties among glaucoma patients.3,4 Reading 
ability is generally found to deteriorate in glaucomatous 
eyes with increasing severity.5 

	 The link between glaucomatous visual field loss 
and reading problems had been established using either 
a questionnaire approach or experimental design.6-11 

Some studies reported more reading difficulties among 
glaucoma patients; while other studies found glaucoma 
patients displayed similar reading performance or better 
than normal subjects.8,12 The discrepancy might denote 
that the complex mechanism of the relationship. Reading 
speed varies widely among patients with glaucomatous 
visual field loss, but does not appear to be predicted by 
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standard measures of visual function such as contrast 
sensitivity, visual acuity, and visual field damage.8,10,12-14 
Certain regions of the binocular visual field impairment 
were associated with reading performance even in patients 
with preserved visual acuity.14 The inferior left region of 
patient integrated visual fields was suggested as important 
for changing lines during reading.14

	 We aimed to further investigate this link between 
glaucomatous visual field loss and reading performance. 
In this study, we explored the practicality of examining 
the reading speed together with the defect types, total 
defect area, and eye movements simultaneously in patients 
with glaucomatous visual field loss. We hypothesized 
that patients with glaucomatous visual field loss would 
be affected differently by the types of visual field defects 
and the total defect areas. Different types of reading eye 
movements were probed to reveal how the eyes navigated 
during reading. Tracking words during reading is imperative 
to retrieve information.11,15 Visual information is neatly 
integrated during reading by positioning the eyes to 
text location.8,12 Discontinuities are hardly noticed by 
readers as the eye moves from one viewing location 
to the next.16,17 The parafoveal information from one 
fixation is integrated with information from the fovea 
during the next fixation. Peripheral visual impairment 
has been reported to compromise reading performance 
even in readers with preserved central visual acuity.8,12 
A peripheral vision problem may functionally inhibit a 
person seeing both ends of the line during reading.8,12 
Information processing primarily controls when the eyes 
move, while the oculomotor system control where the eyes 
move.13 Eye movements represent the interface between 
high-level cognition (language) and the perceptual-motor 
loop (visual-oculomotor). Reading skills are associated 
with spatial reading parameters, such as the number of 
fixations per word, the total number of saccades, and 
saccadic amplitudes.17 The eyes are relatively stationary 
during fixation and all visual input occurs at this time. 
The reading eye fixates on most content words in a rapid 
series of fixations (range 50-500 millisecond, ms) and 
saccades (20-35 ms).18 When fixated, the eye remains 
immobile for a brief period on a content word and takes 
in a span of about seven to nine letters to the right of 
the fixation and three to four letters to the left before 
it jumps to the next fixation point.18 Saccades typically 
move the eyes forward 7-9-character spaces. More letters 
are processed to the right of the fixation if the eye is 
scanning from left to right.18 Both the detection of words 
in the center field of vision and awareness of words in the 
periphery is essential for proficient reading.19 Diminished 
function of certain patterns of peripheral visual field 

defects might induce more challenges to move from 
word to word across the line for fluent reading. Different 
configurations might hurl different levels of struggles to 
enable readers to process a whole word at once. Visual 
field defects very close to fixation inhibit reading to a 
greater extent than peripheral defects, and the central 5° 
is particularly important for reading.11,15 Defects in the 
inferior left hemifield and peripheral superior hemifield 
regions of the binocular visual field are related to reading 
difficulty, with damage to the inferior visual field slowed 
reading rates more than abnormalities in the superior, 
nasal or temporal field.7,20 Information about the role 
of eye movements in mediating the effect of the visual 
field defects on reading difficulty remains inconclusive.

MATERIALS AND METHODS
	 Ethical approval was obtained from the Research 
Ethics Committee of University (IRB/IEC Certification 
600-RMI (5/1/6) REC/108/15). Our study adhered to 
the declaration of Helsinki. Written informed consent 
was obtained. A sample size of 16 participants with an 
effect size of 1.38 was based on the actual power of study 
84% and an α error of 0.05. Sixteen participants were 
divided into experimental and control groups in this 
cross-sectional study. The experimental group consisted 
of eight patients with a diagnosis of glaucoma from 
the ophthalmology clinic at a public university. The 
inclusion criteria for the experimental group was the 
best-corrected LogMAR (Logarithm of the Minimum 
Angle of Resolution) visual acuity of 0.8 or better; no 
known neuro-ophthalmic or other retinal or optic nerve 
conditions likely to affect the visual field. Eight normal 
sighted subjects with no known vision disorders, no known 
ocular diseases, and normal visual fields were assigned 
to the control group. The mean age of participants for 
experimental and control groups was 64 ± 8 years old 
and 56 ± 8 years old respectively. Any patients who 
were unable to read in the Malay language fluently were 
excluded. 
	 Reading performance was evaluated using “Buari 
and Chen AH Reading Investigation Apparatus” (BaCA 
RIA with copyright registration code of CR001460).  
BaCA RIA consisted of the standardized Malay language 
reading materials, the Buari-Chen Malay Reading Chart 
(BCMRC), and the SAH reading passages compendium 
(SAHRPC).21,22 Subjects were instructed to read the BCMRC 
aloud monocularly from the largest to the smallest print 
size. The critical print size was the smallest print size as 
reading speed constant across the larger print sizes from 
the plateau plot.23 Critical print size was obtained from a 
graph plotted using reading speed to determine the print 
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size for the SAHRPC assessment. Four reading passages 
from the SAHRPC were employed. The passages from 
the SAHRPC subtend 41° x 28° of the visual field. The 
passages contained upper- and lower-case letters and 
standard punctuation marks. Each had 50 words over 
4-5 lines each, printed on A4 matte paper in landscape 
orientation at a size of 30 x 21 cm in 10-point Arial font, 
and subtending a visual angle of 0.28° in the lowercase 
letters. They were randomly selected and positioned at 
eye level on a reading stand inclined at 45° at a working 
distance of 40 cm. The total time used to read the whole 
text was measured. Reading errors (mispronunciations, 
substitutes, refusals, additions, omissions, and reversals) 
were recorded. The reading speed was quantified as 
correct words subtracting the total number of reading 
errors and divided by the total time taken to read the 
text in words per minute (wpm). Digital recordings 
were used for post-reading evaluation of reading time 
and reading errors.
	 Eye movements during reading were video recorded 
using a 3D Video-oculograph (3D-VOG, SensoMotoric 
Instruments GmbH version 5.0 SP8© 1991-2003, Berlin, 
Germany). A head-mounted eye tracking device with 
a built-in infrared light video camera was attached to 
a goggle and linked to a computer workstation. The 
computer workstation was integrated with MS Windows 
version 5.04.02 with stimulus software. The monitor 
screen resolution was set at 1024 x 768 pixels with a 
refresh rate of 60Hz and 32-bit color depth. The eye 
position was calibrated on a target positioned at eye level 
at the primary gaze. Eye movement data were extracted 
automatically from the 3D-VOG into the spreadsheet. 
	 The visual field was assessed using a Humphrey 
Matrix visual field analyzer (Carl Zeiss Meditec, Dublin, 
Calif) with frequency doubling technology program 
24-2 threshold protocol. All measurements were taken 
monocularly. Participants were instructed to press the 
response button when a stimulus appeared from any 
direction in the periphery while maintaining central 
fixation. Visual field result was considered reliable when 
fixation losses were <20%, false positives were <15% 
and false negatives were <25%. The field defects were 
determined from the pattern deviation plot. The 16 
glaucoma eyes were categorized into one of five pre-
determined field defect categories: nasal step, arcuate 
defect, centrocecal, pre-perimetric, or advanced. 
	 The statistical analysis was conducted using SPSS 
comparing normal and glaucoma using independent 
t-test depending on the test of normality Shapiro-Wilk. 
Further analysis of the types of glaucomatous visual 
field defects was performed using Analysis of Variance 

(ANOVA). The relationship of total defect area with 
eye movements and reading speed was examined using 
Pearson correlation analysis. A p-value ≤0.05 was used 
as the criterion of statistical significance.

RESULTS
	 A comparison between experimental and control 
groups was summarized in Table 1. Fixation in reading 
is a point where the eyes come to rest during reading. 
In this study, the total number of eye fixations during 
the reading of the entire text was recorded to indicate 
the efficiency of reading performance. Readers with 
fewer eye fixations were assumed to take in more words 
with each fixation. Fixation counts showed a significant 
increase in glaucoma eyes. Therefore, glaucoma eyes 
were less efficient in reading than normal eyes due to 
higher fixation count. Meanwhile saccadic and regression 
showed no significant difference between glaucoma and 
normal eyes. Reading speed was significantly lower in 
glaucoma eyes. 
	 The contributing factors for the difference found 
between control and glaucoma eyes were dissected 
from the perspectives of total defect area in percentages  
(Table 2) and the types of visual field defects (Table 3).
The main feature of glaucoma pathogenesis is the 
progressive degeneration of retinal ganglion cells that 
leads to irreversible optic nerve damage and eventually 
vision field loss. The progression of visual field loss can 
be captured in terms of threshold sensitivity changes and 
total field defect areas. Hypothetically, those with more 
field defect areas should have experienced the defect for 
a longer period. In contrast, those at the early stage of 
glaucoma (early arcuate and pre-perimetric) supposedly 
had experienced the defect for a shorter period. The 
faster reading speed might connect to the duration of 
adaptation concerning the progressive degeneration 
of retina ganglion cells. The advanced glaucoma eye 
displayed the least fixation counts and the fastest reading 
speed seemed to support further the adaptive reading 
ability to longer duration of adaptation.
	 The arcuate defect was the most common (10/16=62.5%), 
followed by pre-perimetric and nasal step (2/16=12.5% 
each). The reading speed differed significantly for the 
various types of glaucomatous field defects (ANOVA: 
F(2,1985) = 4.90, p<0.05).  Post-hoc analysis showed slower 
reading speed in pre-perimetric and early arcuate defects; 
while advanced defects displayed the fastest reading speed. 
Fixation counts also differed significantly in different 
field defects (ANOVA: Welch’s F(3,5.965) =5.32, p<0.05). 
Post-hoc analysis revealed higher fixation counts in 
nasal steps, followed by pre-perimetric, centrocecal, and 
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TABLE 1. Comparison of reading speed and eye movements between normal and glaucomatous eyes.

Parameters of investigation		  Control  	 Glaucoma	 t-test

			   Mean ± SD	 Mean ± SD 

Reading speed (wpm)	 	 101.0±29.8	 71.9±22.7	 t=3.12; p<0.05

Eye movement   	 Fixation 	 46.3±14.2	 61.3±18.2	 t=-2.59; p<0.05

[counts (n)]	 Saccadic	 28.9±8.82	 24.4±9.62	 t=1.39; p>0.05

	 	 Regression	 14.1±6.13	 12.2±7.16	 t=0.82; p>0.05

Abbreviations: SD - standard deviation; wpm - words per minute

TABLE 2. Comparison of total defect area and the relationship with eye movement counts and reading speed 
measurements for 16 glaucomatous eyes.

Eye Code	 Total defect area* (%)	 Eye movements (counts, n)		  Reading speed (wpm)

		  Fixations	 Saccades	 Regressions	

G01	 44	 37	 16	 4	 114

G02	 39	 65	 24	 24	 84.0

G03	 33	 77	 26	 10	 105

G04	 19	 73	 36	 11	 93.0

G05	 44	 81	 34	 24	 77.4

G06	 43	 88	 26	 18	 44.9

G07	 35	 69	 27	 2	 99.9

G08	 28	 69	 15	 8	 57.2

G09	 22	 36	 17	 13	 70.9

G10	 35	 49	 21	 7	 76.2

G11	 22	 55	 11	 10	 76.1

G12	 13	 28	 16	 6	 44.9

G13	 6	 62	 41	 21	 49.1

G14	 11	 62	 41	 21	 49.1

G15	 24	 85	 12	 7	 48.5

G16	 69	 45	 25	 9	 114

*Calculated as the number of depressed points in the field/54 x 100%
Abbreviation: wpm - words per minute
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TABLE 3. Comparison of the types of glaucomatous field defects and the relationship with eye movement counts 
and reading speed measurements for 16 glaucomatous eyes.

Types of	 n	 Percentages from	 Eye movements		  Reading Speed

Glaucomatous Field		  a total of 16 eyes	 (counts, n)	 		  (words/min)

Defect			   Fixation	 Saccade	 Regression	

Nasal step	 2	 12.5%	 81	 19	 8.5	 77.0

Arcuate defect*	 10	 62.5%	 64	 25	 14	 76.7

• Early arcuate	 (1)	 6.25%	 62	 41	 21	 49.1

• Partial arcuate	 (6)	 37.5%	 59	 22	 13	 80.5

• Full Arcuate	 (3)	 18.8%	 73	 25	 11	 78.2

Centrocecal	 1	 6.25%	 49	 21	 7	 76.2

Pre-perimetric	 2	 12.5%	 45	 29	 14	 47.0

Advanced 	 1	 6.25%	 45	 25	 9	 114

*Arcuate defect was subcategorized to early arcuate, partial arcuate, and full arcuate according to progression stages
Abbreviation: Min- minutes

advanced glaucomatous visual field defects (Games-Howell 
test=31.8, 95% CI [3.74, 59.85], p<0.05). However, the 
saccadic and regression counts showed no significant 
difference (ANOVA: Saccadic, F(3, 61.55)=0.598, p>0.05; 
and regression, F(3,17.05)=0.284, p>0.05).
	 Further analysis was conducted to examine the 
directional element of glaucomatous defects and their 
impact on reading speed and eye movements. Two 
eyes [early arcuate (G14) and pre-perimetric (G13)] 
were excluded due to the nature of the defect that was 
unable to be categorized.  For horizontal defect impact 
analysis, 7 eyes suffered defect in the right region, and 
7 eyes displayed in the left region. For vertical defect 
impact analysis, 6 eyes were categorized as visual field 
defect at the superior region, 5 eyes were categorized as 
visual field defect at the inferior region and 3 eyes were 
categorized as mixed. Neither reading speed (t = -0.97, 
p>0.05) nor eye movements differed significantly by 
horizontal locality of visual field defect [Fixation (t=-0.66, 
p>0.05); Saccadic (t =-0.40, p>0.05); Regression (t=0.99, 
p>0.05)]. Vertical defect impact analysis concluded 
similarly [ANOVA: Fixation (F=0.07, p>0.05); Saccadic 
(F=1.14, p>0.05); Regression (F=0.41, p>0.05); Reading 
speed (F=1.09, p>0.05)].

	 The correlation of the total percentages of the defect 
areas with eye movements and reading speed was shown 
in Fig 1. The total defect area caused a significant positive 
correlation with reading speed (r=+0.62, p<0.05). Reading 
speed was found to be faster with an increment of the 
total defect area. Meanwhile, none of eye movements 
was found to correlate with total defect area [fixation 
(r=+0.05, p>0.05); saccadic (r= -0.16, p>0.05); regression 
(r= -0.11, p>0.05)].

DISCUSSION
	 Difficulties with reading in glaucoma affect quality 
of life.24 Glaucomatous VFD has been associated with 
more fixations, longer search time, more errors, shorter 
fixation durations, and longer reading duration.8,16 Our 
finding is in agreement with previous studies that reported 
slower reading speed in glaucoma than normal.8,9 Normal 
eyes in our study read 30 words more per minute than 
glaucoma eyes using SAHRPC. Decrement of reading 
speed in glaucoma eyes might due to the restricted visual 
span (field of view) during reading. Glaucoma eyes with 
peripheral visual field defects have a smaller field of view 
than normal eyes, which might cast difficulty to read 
from one word to another word efficiently. 
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Fig 1. Correlation of total defect area with eye movements and reading speed. (a) reading speed, (b) fixation, (c) saccade, and (d) regression

	 Undeniably that some readers with glaucomatous 
visual field defects experienced more difficulties with 
reading; while others remained the same or better than 
readers with normal vision.3,8,9,12 This ambiguity probed us 
to further examine the eye movements and reading speeds 
concerning different types of glaucomatous visual field 
defects and different sizes of defect areas in comparison 
to normally sighted subjects. Our findings seem not to 
align fully with previous studies because eye movements 
remained the same as the increment of the total defect 
area. We expect otherwise because the peripheral visual 

defect was reported to compromise reading performance 
despite preserved fovea acuity.16 The slower reading speed 
in glaucoma was reported to correlate with the reduction 
of the visual field.9 Greater visual field defects had been 
associated with greater self-reported difficulty finding 
the next line of text while reading.5,9 This dissimilarity 
of our findings with previous studies might indicate 
the potential of visual adaptation. The key feature of 
glaucoma pathogenesis is the progressive degeneration 
of retinal ganglion cells.25 Understandably, visual defect 
worsens over time. The progression of visual field loss is 

Chen et al.
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usually reported as threshold sensitivity changes and total 
field defect areas.26 Those with more field defect areas 
logically has experienced the defect for a longer period. 
The faster reading speed might connect to the duration 
of adaptation concerning the progressive degeneration 
of retina ganglion cells. Adaptation might happen to 
cope with the visual challenges in daily activities. Our 
findings might denote the possibility of visual adaptation 
in glaucoma. Glaucoma was associated with a reduction 
in contrast detection and discrimination adaptation in 
the early stages.27 Reduction of visual acuity or contrast 
sensitivity caused slower reading speed in glaucoma.28 

Our findings might suggest that reading speed reduction 
in the early stages of glaucoma might be just transient 
evidence of coping mechanisms being established. The 
brain can be rehabilitated.29-30 Neuroplasticity research 
reveals the ability of the brain to adapt continuously 
throughout life.31-32 The brain exhibited enormous capacities 
to adapt to damage. The repetitive visual training in 
daily activities might give an impact on visual learning 
in glaucoma.33

	 Our analysis of reading speed and eye movements 
concerning glaucomatous field defects also revealed 
something interesting about the relationship. Besides 
reading speed, only fixation but not saccades or regressions 
were found to vary significantly with different types of 
glaucomatous field defects. Fixation in reading is a point 
where the eyes come to rest during reading. Reading is 
not just fixating on one word after another, but rather 
requires a complex series of fixations to see complete 
texts.34  Readers who make fewer eye fixations read faster 
because they take in more words with each fixation. The 
visualization of a complete text during reading can benefit 
from an intact visual field and efficient eye movements. 
Peripheral visual field defect has been reported to obstruct 
readers to see both ends of the line during reading.16 

Before the reader begins to fixate at the first word in the 
text, the eyes scan across the reading materials to locate 
the first word of a text. Spatial reading parameters, such 
as the number of fixations per word, the total number 
of saccades have been tied to reading performance.17 If 
visual search plays a role in reading performance, the 
left or superior defect areas would have reduced the 
reading speed more than right or inferior defect areas 
with the presumption that more efforts are required to 
locate the text situated at the left and superior region due 
to the defect. The inferior field has been regarded as an 
important positioning for reading.7,11,14 The inferior left 
region has been indicated as important for changing lines 
during reading.14 Reading speed had been reported to 
be faster in the inferior field compared to other areas in 
normal readers.7 Hypothetically, the right-field defect or 
inferior field defect should have a more negative impact 
on reading speed.7,35 Conversely, our findings were not 
in agreement with the previous report that reading 
was neither more affected with the presence of right 
than left field defects nor more affected in the inferior 
field defect.35 Our horizontal and vertical field analyses 
revealed that the location of field defects did not seem 
to play a significant role in determining reading speed. 
Perhaps not the locality or sizes that determined the 
outcomes but the individual reading difficulty coping 
or adaptation mechanism that dictated the outcome. 
Parafoveal information from one fixation is connected 
to the information from the fovea in the next fixation 
during readings.16 The integrated activities between the 
fovea and parafoveal during fixations are illustrated in  
Fig 2.14,36,37 Parafoveal view gives readers partial information 
of what is to come next. If this reading assumption is 
correct, the right visual field defect would affect the 
reading performance too. 

Fig 2. Illustration of the integrated activities between fovea and parafovea during fixations. Bold letters denote fixations (what the eye is 
seeing directly in its foveal view). Underlined letters signify what is subconsciously processed during a fixation (not what readers see directly)
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	 One possible explanation of our findings was visual 
adaptation through perceptual learning.33 Different coping 
mechanism might be used to overcome the hindrances 
caused by visual field defect strategy. When the central 
vision was compromised, eccentric fixation might be 
used in the visual rehabilitation of the visual field defect. 
Scanning involving parafoveal and peripheral visual 
field is crucial to navigating reading. Patients with visual 
field defects might have adapted to the condition with 
adjusted eye and head movements or compensatory 
gaze strategies to improve reading performance.33,38,39 
	 Fixations and saccades denote how readers acquire 
information. Visual attention can be in an engaged or 
disengaged state.40 To move from one point to another, 
visual attention should be in the disengaged state. During 
engaged visual attention, saccades were inhibited to 
provide steady central fixation. The disengaged mechanism 
seemed to be intact (insignificant saccadic finding in 
our study) during visual search in reading despite visual 
field defects. A different coping inclination between eye 
movement adjustment and reading adaptation might 
occur in response to visual field defects. Future research 
with additional measurements on the time length of 
each eye movement is essential. Time length for saccade 
can estimate how fast the eye moves between fixations. 
Time length for regression predicts the effort required 
to reread a line of text. 
	 In conclusion, reading speed and fixation were 
affected by different types of glaucomatous visual field 
defects patterns. The association of defect areas with 
faster reading speed but not significant in eye movements 
might suggest a possible different coping strategy between 
eye movement adjustment and reading adaptation in 
response to visual field defects.
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Relationship Between Vesicoureteral Reflux and 
Renal Scarring in Children with Urinary Tract 
Infection

ABSTRACT
Objective: To evaluate the association of vesicoureteral reflux (VUR) in comparison with the development of renal 
scarring in child patients with urinary tract infection (UTI).
Methods: This study involved a retrospective review. Patients under 14 years old with a diagnosis of UTI with a 
positive urine culture and who had a voiding cystourethrogram (VCUG) and technetium 99 m dimercaptosuccinic 
acid (Tc-99m_DMSA) renal scintigraphy performed within 4-6 months after acute UTI were included in the study.  
The VCUG results were classified as positive or negative for vesicoureteral reflux (VUR). If reflux was present, the 
severity was graded according to the recommendation of the International Reflux Study in children.1 The Tc-99m 
DMSA results were interpreted as positive or negative for renal scarring. Statistical analysis was performed using 
the χ2 test or Fisher’s exact test and Mann–Whitney test to compare the presence of VUR and renal scarring as 
well as the grading of the VUR and renal scarring. Positive and negative likelihood ratios (LR) were calculated.
Results: In total, 185 patients (74 girls and 111 boys; mean age, 3.5 years old) were included in the study. There 
were five children with only a single kidney, resulting in 365 kidneys for analysis. Vesicoureteral reflux was found 
in 203 (55.6%) kidneys, classified as grades 1, 2, 3, 4, and 5 in 19, 31, 81, 38, and 34 kidneys, respectively. Scarring 
was found in 110 of 203 kidneys (54.2%) with VUR and in 18 of 162 kidneys (11.1%) without VUR (p < 0.0001). 
The LR positive was 2.2 (95%CI, 1.9-2.5) and LR negative was 0.23 (95% CI, 0.1-0.4).
Conclusion: There was a significant correlation between positive VUR and the development of renal scarring.  
Patients with positive VUR should be considered for a Tc99m-DMSA scan to evaluate them for the development 
of renal scarring.
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INTRODUCTION
	 Urinary tract infection (UTI) is a common cause 
of acute illness in infants and children. The infection 
may involve the upper part of the urinary tract (kidneys 
and ureters) or the lower urinary tract (bladder and 
urethra). Patients with renal infection or pyelonephritis 
may develop renal scarring, hypertension, and end-stage 

renal dysfunction later in life. It is mandatory to identify 
these patients with acute pyelonephritis to prevent further 
renal damage. Clinically, urinary tract infection with 
the presence of fever increases the probability of renal 
involvement. Moreover, there is an increased risk of 
underlying urologic abnormalities as well as a greater 
risk of consequent renal scarring.2  	
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Renal scarring is considered a cause of long-term morbidity. 
The prevalence has been reported to be about 10-40%.3 

Young age, delayed treatment, the presence of vesicoureteral 
reflux (VUR), and recurrent episodes of pyelonephritis 
are associated with an increased risk of renal damage. 
	 In children with UTI, the most important reason for 
performing an investigation is to identify abnormalities 
of the genitourinary tract that may require additional 
evaluation and management. 
	 Renal and bladder ultrasonography is a noninvasive 
procedure and is always the first line of investigation. The 
size and shape of the kidneys, dilatation of the ureters, 
and the presence of gross anatomic abnormalities can 
be demonstrated with this technique. However, it is not 
reliable in diagnosing renal scarring.4  
	 Technetium-99m dimercaptosuccinic acid (Tc-99m 
DMSA) renal scintigraphy can be used to detect acute 
pyelonephritis and renal scarring in acute and chronic 
settings. However, using DMSA as the initial test is more 
expensive and involves radiation exposure. According to 
the American Academy of Pediatrics guidance, DMSA 
is not recommended as a routine evaluation for children 
with a first UTI.5 
	 Voiding cystourethrogram (VCUG) is the study of 
choice to establish the presence and degree of vesicoureteral 
reflux (VUR). A prior study reported an approximately 
25% to 30% incidence of VUR in children (0 to 18 years 
old) with a first UTI.6 Even though VUR is a significant 
risk factor for the development of renal scarring, the 
exact relationship between VUR and scarring is still 
undetermined.7  Therefore, VCUG cannot directly diagnosis 
renal scarring.
	 The purpose of this study was to determine if the 
presence and severity of VUR can predict the development 
of renal scarring in children with febrile UTI.

MATERIALS AND METHODS
	 The study was approved by the Institutional Ethics 
Committee of Siriraj Hospital (Si 283/2019). This study 
was a retrospective single-center study. Medical records 
were searched using the keywords “febrile UTI” in patients 
less than 14 years old from January 2016 to July 2018. 
Only patients with a positive urine culture and who had 
both VCUG and a DMSA scan done within 4-6 months 
of each other were included in this study. 
	 Demographic data and blood urea nitrogen (BUN) 
as well as creatinine result were recorded. The VCUG 
results were reviewed by a pediatric radiologist and a 
radiology resident who were unaware of the patients’ 
test results. The results were classified as positive or 

negative for VUR. The degree of vesicoureteral reflux 
was graded according to the recommendations of the 
International Reflux study in children1: 	  
	 Grade 1: Reflux into a non-dilated ureter.
	 Grade 2: Reflux into the upper collecting system 
but non-dilated.
	 Grade 3: Mild or moderate dilatation and/or tortuosity 
of the ureter and mild or moderate dilatation of the renal 
pelvis.
	 Grade 4: Moderate dilatation and/or tortuosity of 
the ureter and moderate dilatation of the renal pelvis 
and calyces.
	 Grade 5: Gross dilatation and tortuosity of the 
ureter. Gross dilatation of the renal pelvis and calyces 
and the loss of papillary impressions.
	 Dimercaptosuccinic acid renal scintigraphy was 
performed using a standard procedure. The patients 
were injected with DMSA 0.1 mCi/kg (minimum dosage 
of 0.3 mCi and maximum dosage of 3 mCi). Data were 
acquired on a dual-head, large field of view, gamma 
camera equipped with a low-energy high-resolution 
collimator in 256 × 256 matrices. 
	 Relative tracer uptake (RU) was calculated as the mean 
value of uptake in the anterior and posterior projections, 
corrected for background activity. The presence of focal 
defects in the renal cortex with distortion or indentation 
of the normal renal outline, renal volume loss, and cortical 
thinning were classified as renal scarring. If the result 
was undetermined, DMSA was repeated in the next six 
months, and the final result was used for interpretation.

Statistical analysis
	 The Mann–Whitney test and chi-square test were 
used for statistical analysis between the groups of children 
with VUR and without VUR, and between the different 
grades of VUR, considering a p-value of less than 0.01 
as statistically significant. 
	 Positive and negative likelihood ratios (LR) along 
with 95% confidence intervals (CI) were calculated for 
VCUG using DMSA as the gold standard for permanent 
renal damage. 

RESULTS
	 Overall, there were 598 children aged 0-14 years 
old with febrile UTI. Of those, 185 children (74 girls and 
111 boys; mean age, 3.5 years old) met all the criteria 
with a positive urine culture and had had both diagnostic 
studies performed (Table 1). There were five children 
with only a single kidney each, resulting in 365 kidneys 
for analysis. 
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	 Vesicoureteral reflux was found in 203 kidneys 
(55.6%). Refluxes were classified as grades 1, 2, 3, 4, and 
5 in 19, 31, 81, 38, and 34 kidneys, respectively 
	 DMSA scintigraphy showed normal renal uptake 
in 237 kidneys (65%) and renal scarring in 128 kidneys 
(35%). In 6 kidneys, the result was equivocal in the first 
study, but subsequently demonstrated renal scarring on 
the following examination.
	 Scarring was shown in 110 of 203 (54.2%) kidneys 
with VUR and in 18 of 162 (11.1%) kidneys without VUR 
(Table 2). The incidence of DMSA renal scarring was 
significantly associated with the presence of a refluxing 
kidney (p < 0.001). The sensitivity of VCUG in the prediction 
of renal scarring was 85.94% (95% CI, 78.7-91.4), and 
the specificity was 60.76% (95%CI, 54.2-67.0).
	 The number of kidneys with renal scarring compared 

with the different grades of VUR was calculated (Table 3). 
The positive and negative likelihood ratios (LR) of VUR 
in detecting renal scarring was calculated according to 
VUR grading. The cumulative data for the presence of 
VUR from grades 1-5 caused a positive LR of 2.2 (95% 
CI, 1.9-2.5), and a negative LR negative of 0.23, (95%, 
CI 0.1-0.4) (Table 4). 
	 One hundred and sixty-six patients had BUN and 
creatinine in medical records.  Five in 166 patients (9 
in 365 kidneys) had high creatinine levels indicating 
impaired renal function. Four kidneys in these patients 
were associated with vesicoureteral reflux, grade 2 in 1 
kidney, grade 3 in 1 kidney and grade 4 in two kidneys.  
There were 5 kidneys in patients with abnormal renal 
function that were not associated with vesicoureteral 
reflux. 

TABLE 1. Demographic data of the study patients with UTI. 

TABLE 2. Comparison of the VUR results with renal scarring.

Age (year)	 Sex		  Total

	 Male	 Female	

0-5	 88 	 55 	 143 (77.3%)

>5-10	 20 	 14 	 34 (18.4%)

>10-15	 3 	 5 	 8 (4.3%)

Total	 111 	 74 	 185 (100%)

	 Scar	 No scar	 Total

VUR	 110	 93	 203

Non-VUR	 18	 144	 162

Total	 128	 237	 365

Sensitivity 85.9% (95% CI: 78.7-91.4), Specificity 60.8% (95%CI 54.2-67.0)
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TABLE 3. Comparison of the kidneys with negative and positive VUR in different grades for testing for renal scarring.

VUR	 Scar	 No scar	 Total kidneys	 % of kidneys 

				    with a scar

No VUR	 18	 144	 162	 11.1

Grade 1	 9	 10	 19	 47.4

Grade 2	 12	 19	 31	 38.7

Grade 3	 45	 36	 81	 55.6

Grade 4	 21	 17	 38	 55.3

Grade 5	 23	 11	 34	 67.6

Total	 128	 237	 365	

TABLE 4. Likelihood ratio (LR) for renal scarring in different grades from VUR.

	 +LR	 -LR

Grade 1-5	 2.2 (95%CI 1.9-2.5)	 0.2 (95%CI 0.1-0.4)

Grade 2-5	 2.3 (95%CI 2.0-2.6)	 0.3 (95%CI 0.2-0.5)

Grade 3-5	 2.6 (95%CI 2.2-3.0)	 0.4 (95%CI 0.3-0.6)

Grade 4-5	 2.9 (95%CI 2.3-3.7)	 0.7 (95%CI 0.5-1.1)

Grade 5	 3.9 (95%CI 2.7-5.6)	 0.9 (95%CI 0.5-1.5)

DISCUSSION
	 Urinary tract infection is one of the most common 
causes of bacterial infections in childhood. The diagnosis 
and management of UTI continue to be controversial 
with many challenges in clinical practice. 
	 In terms of imaging investigations in patients with 
UTI, there is no consensus on a single guideline in the 
pediatric population. The method and timing of imaging 
to evaluate for urinary tract anatomical abnormalities and 
renal scarring after a febrile UTI vary between institutions.
	 Technetium-99m DMSA seems to be the most 
reliable method for the diagnosis of chronic cortical renal 
scarring. Prior studies suggested that DMSA may obviate 
VCUG in the evaluation of febrile UTI. 8,9 However, this 
method requires nuclear medicine specialists and may 
not be available in all institutions. VUCG is an optimal 
method to diagnose VUR as well as for assessing the degree 

of VUR and the anatomy of the male urethra. However, 
VCUG cannot detect renal scarring or pyelonephritis.
	 In our study, we wanted to assess if the presence 
and severity of VUR could predict the development 
of renal scarring in children with UTI. We found that 
the incidence of DMSA renal scarring was significantly 
associated with the presence of vesicoureteral reflux. 
Renal scars were found in 54.2% of kidneys with VUR 
and 11.1% of kidneys with no VUR.
	 Our study findings concurred with prior research. 
For instance, Canoe et al. found renal damage in 67% of 
kidneys with VUR and in 16% of kidneys with no VUR, 
and concluded that the presence of VUR was associated 
with renal damage.10 
	 However, some prior studies do not concur with our 
results.11,12 For instance, Moorthy et al. found that only 
16% of children with VUR had an abnormal kidney on 
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DMSA scan. The heterogeneity of the published results 
may depend on several factors, such as the ages and types 
of patients, the timing between UTI and investigation, 
and the antibiotic treatments applied. 
	 Our study also compared the incidence of renal 
scarring with the VUR results according to the severity 
of VUR using VUR grading. We found that there was 
a slight increase in the percentages of the kidneys with 
renal scars as the grade of the VUR increased; from 47.4% 
with VUR grade 1 to 67.6% in VUR grade 5. However, 
from our results, the percentage of renal scarring in 
grade 2 reflux was less than in grade 1.  
	 Prior studies also reported VUR as a risk factor for 
developing a renal scar and increased renal scarring in 
patients with a higher grading of VUR.13,14 Other risk 
factors of renal scarring included recurrent UTI, bladder-
bowel dysfunction, and delayed treatment.15 
	 Interestingly, we also observed BUN and creatinine 
levels in comparison with VUR and scarring. We found 
that most patients (161 of 166) had normal BUN and 
creatinine levels. There were 5 patients with 9 kidneys 
with impaired renal function. In these patients, less 

than 50% of kidneys had reflux on VCUG in different 
grades from 2 to 4. We suggested that there was no direct 
correlation between VUR and renal function, which can 
be explained by the fact that patients have two kidneys. 
Severe VUR or scarring in one kidney will not lead to 
abnormal renal function with high BUN and creatine 
levels.  It could be different if the patient had a single 
kidney. In fact, we had one patient with a single kidney 
with VUR grade4 and had renal failure. 
	 To evaluate the significance of VUR, we also looked 
at the likelihood ratio with the different VUR grades. 
We found that the positive likelihood ratio was slightly 
increased if we included only higher grades of VUR. 
However, the ranges of positive LR were between 2.2 and 
3.9. A low number positive LR presumes that VCUG may 
not be a useful diagnostic test to detect renal scarring. 
From our study, 11.1% of scarred kidneys would have 
been missed if Tc-99m DMSA was not performed in 
patients with no VUR and 14.9% would have been missed 
if we had avoided Tc-99m DMSA in patients with no 
VUR and VUR grade 1 (Figs 1 A, B, and C).

A B

C

Fig 1. A 3 year-old boy with a history of myelomeningocele 
S/P surgery presented with UTI.
Anterior (A) and posterior (B) projections of the  
Tc-99m DMSA scan showed a renal cortical scar at 
the upper pole of the right kidney (arrows). VCUG 
(C) showed no evidence of vesicoureteral reflux. There 
was an irregular wall of the urinary bladder with 
diverticula, consistent with a neurogenic bladder. 
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	 Our study has several limitations. First, this was a 
retrospective study. There was a diversity of patients in 
terms of VCUG techniques. Some patients might have 
a cyclic filling of the contrast medium. The different 
kinds and durations of the antibiotic treatments might 
also have affected the results. A large prospective result 
would be useful for the homogeneity of the population.

CONCLUSION
	 From our study, we found that there was a significant 
correlation between positive VUR and the development 
of renal scarring. The number of scarred kidneys also 
slightly increased as the grade of VUR increased. Moreover, 
the presence of low-grade VUR cannot exclude renal 
scarring and these cases should be considered for further 
evaluation and a follow up with Tc99m- DMSA.
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Correlation of Transient Elastography and Biliary 
Cirrhosis in Longterm Survivors of Biliary Atresia

ABSTRACT
Objective: This study aimed to use transient elastography (TE) to evaluate the correlation between liver stiffness 
measure (LSM) and functional status of native liver in longterm follow-up of pediatric patients with biliary atresia 
(BA).
Methods: Twenty cases of BA who had undergone hepatic portoenterostomy and had good initial outcome (total 
bilirubin < 2 mg/dL) were enrolled for a transient elastography. The LSMs derived from the study were analyzed 
with clinical and radiological parameters and endoscopic findings of esophageal varices.  
Results: The median age at enrollment of the 20 cases was 8.4 years. Of the 20 cases, 15 were diagnosed as cirrhosis 
by ultrasonography and 9 had esophageal varices detected by an endoscopy. Parameters that were significantly 
associated with LSM were history of cholangitis, splenomegaly, cirrhosis and esophageal varices. Significantly higher 
LSM was found to be correlated with hyperbilirubinemia, transaminitis, alkaline phosphatasemia, thrombocytopenia 
and prolonged INR. On linear regression, LSM was significantly correlated with pediatric end-stage liver disease 
score at the r2 of 0.32 and correlated with the aspartate transaminase to platelet ratio index at the r2 of 0.70. The area 
under the receiver operating characteristic curve that reflected the performance of LSM in predicting esophageal 
varices was 0.97. At the cut-off value of 10.2 kPa, the sensitivity and specificity of LSM in predicting esophageal 
varices were 100% and 72.7%, respectively.
Conclusion: TE can be useful as a non-invasive, point-of-care evaluation of liver fibrosis in long term follow-up of 
BA. A high LSM indicates surveillance for esophageal varices in these patients. 
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INTRODUCTION
	 Biliary atresia (BA) is a progressive inflammatory 
cholangiopathy occurring during infancy period that 
can lead to liver cirrhosis and death within 2 years of 
life.1 The incidence of BA is reported at approximately 
1 in 10,000-20,000 live births with a higher incidence in 
Asians.2,3 The etiology of BA remains unclear although 

some evidence suggests genetic involvement. Currently, 
hepatic portoenterostomy (HPE, also known as Kasai’s 
operation) is the initial surgical treatment of choice and 
gives a good longterm outcome in 30%-50% of cases.4  

The procedure replaces a fibrotic extrahepatic bile duct 
with an intestinal conduit interposed between the hepatic 
portal plate and the jejunum. 
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	 About 40% of BA cases who undergo HPE receive 
no benefit from the surgery. However, among the cases 
who achieve biliary drainage after the surgery, progression 
of cirrhosis continues at varying rates. About half of the 
patients who have long term survival after HPE later 
develop biliary cirrhosis, portal hypertension, esophageal 
varices and/or liver failure.4 Long term follow-up of the 
liver functions and surveillance for esophageal varices and 
cirrhosis are mandatory in BA cases. Various laboratory 
tests are used as indices of liver function reserve in 
pediatric chronic liver diseases. The aspartate transaminase 
to platelet ratio index (APRI) has been proposed as an 
indicator for liver fibrosis in pediatric patients with 
chronic hepatitis C and also BA.5,6  The Pediatric End-
stage Liver Disease (PELD) score has been widely used 
to predict life-year benefit from a liver transplantation.7 
Imaging evaluation of cirrhosis is usually performed 
by an ultrasound study while evaluation of esophageal 
varices needs an esophagoscopy. In our institute, an 
esophagoscopy is usually considered when a child with 
BA reaches 2-3 years of age or when there are clinical 
signs of portal hypertension. 
	 The recent development of transient elastometry 
(TE) provides a non-invasive technique to evaluate the 
extent of liver fibrosis.8  TE emits a 50-MHz ultrasound 
wave from its probe and measures the velocity of the 
shear wave passing through the liver parenchyma. The 
shear wave velocity is then converted into a liver stiffness 
measurement (LSM), which is expressed in kilopascals 
(kPa).9 TE has been widely used in various chronic liver 
diseases in adults including chronic hepatitis and fatty 
liver.10,11 The scanning procedure can be performed 
on an out-patient basis and usually takes less than 10 
minutes. Studies involving BA patients have shown a 
correlation between liver stiffness and degree of liver 
fibrosis in both before and after HPE.12-15 In 2011, a 
study of liver stiffness in post-HPE patients suggested 
that the stiffness value was correlated well with the 
presence of esophageal varices. A more recent study 
of liver stiffness measurements performed at 3 months 
post-HPE significantly predicted the risk of liver cirrhosis 
and the need for a transplantation.15 To our knowledge, 
to date there have been only a few studies of TE in 
longterm BA survivors and these have focused on the 
correlation between the liver stiffness and the risk of 
developing portal hypertension or esophageal varices. 
This study aimed to evaluate the correlation between 
liver stiffness measurement by Fibroscan and clinical/
laboratory profiles of liver functions in cases of BA who 
had good outcome after HPE with more than 2 years of 
follow-up period. 

MATERIALS AND METHODS
Patients
	 This cross-sectional study included 20 cases of BA 
who underwent HPE in our institute between 2001-
2015 and had good initial outcome defined as having 
post-operative bilirubin level of less than 2 mg/dL. On 
enrolment under informed consent of the parents or 
other guardians, the patients were clinically examined for 
growth anthropometry and signs of portal hypertension 
by the attending surgeon. Additional evaluation consisted 
of liver function study (total bilirubin, direct bilirubin, 
total protein, albumin, alkaline phosphatase, aspartate 
aminotransferase (AST) and alanine aminotransferase), 
platelet count, hepatobiliary ultrasonography and upper 
gastrointestinal endoscopy. Clinically significant esophageal 
varix was defined as the varix grade 2 or more according 
to the Japanese Research Society for Portal Hypertension 
definition (1991).16 The aspartate transaminase to platelet 
ratio index (APRI) was calculated as AST (×40) × 100/
platelet count (109/L). A Fibroscan was then performed 
within 1 month of the laboratory and endoscopic tests. 
The study was approved by the Human Research Ethics 
Committee of the Faculty of Medicine, Prince of Songkla 
University. 

Transient elastography
	 The TE procedures were performed by trained internists 
using a Fibroscan 502 Touch system (Echosens, Paris, 
France). Two types of probe were used in this study: an S 
probe for thoracic diameters < 45 cm and an M probe for 
thoracic diameters > 45 cm. Scanning was performed in a 
supine position with maximal abduction of the right arm. 
For quality control, the median values of liver stiffness 
measurements from 10 validated measurements with 
interquartile range (IQR) < 25% and reliability measured 
as IQR/M < 25% were used.17 All studies were performed 
without sedation and under non-fasting conditions.

Statistical analysis
	 Data are presented as arithmetic means with ranges 
when they have normal distribution and medians with 
interquartile ranges otherwise. LSMs from the Fibroscan 
studies were cross tabulated with various clinical and 
investigative factors that are indicators of cirrhosis and 
portal hypertension including the PELD scores. Association 
analysis used Student t-test or Mann Whitney U test as 
appropriate. Correlations between the LSMs and liver 
cirrhosis as diagnosed by an ultrasonography and also 
the presence of esophageal varices were analysed by 
using a receiver operating characteristic (ROC) curve. 
Correlations between LSMs and PELD scores were analysed 
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by linear regression analysis. A P-value of less than 0.05 
was considered statistically significant. 

RESULTS
	 The twenty BA patients enrolled in this study consisted 
of 10 male and 10 female patients in an age range from 
2.3 years to 21.0 years. The median age at enrolment 
was 8.4 years (IQR 5.6 - 21.0 years). The mean age at 
HPE in these patients was 73 days (range 30-119 days) 
with 2 cases having their operation later than 90 days 
of age. Twelve cases had ever had at least 1 episode of 
cholangitis. Three patients had growth parameters of less 
than the tenth percentile of the normal growth curve of 
Thai children. Ultrasound diagnosed liver cirrhosis in 15 
cases, splenomegaly in 11 cases and presence of ascites 
in 2 cases. Esophagogastroscopy detected esophageal/
gastric varices in 9 cases. 
	 The median LSM was 12.4 kPa (IQR 6.0-32.4 kPa). 
Clinical and radiologic parameters that were significantly 
associated with LSM were history of cholangitis, 
splenomegaly, cirrhosis and presence of esophageal 
varices (Table 1). When LSM was analysed with the 
liver function test, significant associations were found 
between the stiffness value and total bilirubin, direct 
bilirubin, serum albumin, aspartate aminotransferase, 
alanine aminotransferase and alkaline phosphatase  
(Table 2). Higher LSM values were also significantly 
associated with thrombocytopenia and high prothrombin 
time INR. On linear regression, LSM was significantly 
correlated with the PELD score at the p-value of 0.02 and 
r2 at 0.32. In addition, there was significant correlation 
between LSM and APRI at the p-value of < 0.01 and r2 
at 0.70.
	 To determine the diagnostic performance of LSM 
and cirrhosis diagnosed by ultrasonography, an ROC 
curve was plotted between sensitivity and 1-specificity to 
predict esophagogastric varices by each LSM value. The 
area under the ROC curve was 0.97 and the cut-off value 
that best predicted the presence of esophageal varices was 
at 10.2 kPa (sensitivity 100.0 % and specificity 72.7%) 
(Fig 1). The area under the curve when analysed against 
APRI in predicting esophageal varices was 0.99. 	

DISCUSSION
	 Gradual deterioration of liver function is a natural 
history after surgery in BA patients. Even in cases that 
had achieved good bile flow after surgery, cirrhosis 
and portal hypertension were eventually occurred. 
Ascending cholangitis may accelerate the cirrhotic changes. 
Evaluation of the severity of cirrhosis usually relies on 

clinical evaluation and ultrasonography. In general, an 
esophagoscopy is indicated when there are clinical or 
radiological signs of portal hypertension. In this study, 
we evaluated the values of transient elastography in BA 
related cirrhosis by studying the association between LSM 
and liver profiles in good outcome BA cases who had 
been followed more than 2 years. The study demonstrated 
significant associations between LSM and both APRI 
and radiologic diagnosis of liver cirrhosis. In addition, 
LSM was significantly associated with other signs of 
liver decompensation and portal hypertension including 
hyperbilirubinemia and presence of esophageal varices. 
	 In 2011, a study by Chongsrisawat and colleagues has 
reported that both LSM and APRI could equally predict 
the esophageal varices in BA cases with an acceptable 
accuracy.12 Consistent with that report, our data showed 
good correlation between LSM and APRI and near 
perfect performance of both parameters in predicting 
significant esophageal varices. The data suggested that 
screening for esophageal varices during BA follow-up 
can be performed in particular cases and Fibroscan 
is the effective tool for case selection. Our study also 
suggests that an LSM of 10.2 kPa is a practical cut-off 
value for variceal prediction, a value which is similar 
to the value range of 9.7-12.5 kPa as suggested by the 
previous studies.12,18,19    	 
	 One of limitations in this study was its cross-sectional 
design which meant that all variables analysed were 
measured at a single time-point during the wide range 
follow-up period. Chronological changes over time of 
the LSM might be more useful in following the rate of 
deterioration of the native liver function. The timing of 
scanning has varied among earlier reports. One study in 
pre-operative BA cases suggested that LSM was superior 
to APRI in predicting histologically confirmed high-grade 
fibrosis (F4 by the Metavir scoring system).14 Another 
study performed at 3 months post HPE demonstrated 
good correlations between high LSMs and liver-related 
events such as ascites, variceal bleeding or death during 
the follow-up period which suggested the earlier need 
of transplantation.13   

CONCLUSION
	 In conclusion, our study performed transient 
elastography during long term follow-up in BA patients 
who achieved good biliary drainage after HPE. As in other 
studies, we found correlations between LSMs and other 
clinical/radiological evidence of portal hypertension. 
Using a cut-off of 10.2 kPa, TE predicted esophageal 
varices with high sensitivity. 
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TABLE 1. Association between liver stiffness measure (LSM) by a transient electrography and clinical signs, 
esophagogastroscopic detection of varices and ultrasound findings.

	  	 Cases (%)	 LSM (kPa)	 P-value*

History of cholangitis	 	 	

	 No	 8 (40%)	 8.12	 0.03

	 Yes	 12 (60%)	 30.33	

Weight or height <10th percentile		

	 No	 17 (85%)	 21.75	 0.31

	 Yes	 3 (15%)	 19.77	

Splenomegaly by examination		

	 No	 12 (60%)	 8.22	 < 0.01

	 Yes	 8 (40%)	 41.29	

Esophageal varices			 

	 Absent	 11 (55%)	 7.66	 < 0.01

	 Present	 9 (45%)	 38.30	

Cirrhosis by ultrasound			 

	 Absent	 5 (25%)	 5.18	 < 0.01

	 Present	 15 (75%)	 26.87	

Splenomegaly by ultrasound		

	 Absent	 9 (45%)	 6.61	 < 0.01

	 Present	 11 (55%)	 33.59	

Ascites by ultrasound			 

	 Absent	 18 (90%)	 21.35	 0.61

	 Present	 2 (10%)	 22.35	

Intrahepatic duct dilatation		

	 Absent	 16 (80%)	 17.76	 0.32

	 Present	 4 (20%)	 36.22	

Fatty change 			 

	 Absent	 19 (95%)	 22.31	 -

	 Present	 1 (5%)	 5.10

*Mann Whitney U test
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TABLE 2. Association between liver stiffness measure (LSM) by a transient electrography and liver function profiles, 
prothrombin time-INR and platelet count.

	  	 Cases (%)	 LSM (kPa)	 P-value*

Total bilirubin (mg/dL) 			 

	 TB < 2.0	 16	 12.45	 < 0.01

	 TB > 2.0	 4	 57.45	

Direct bilirubin (mg/dL)			 

	 DB < 2.0	 17	 16.13	 0.02

	 DB > 2.0	 3	 51.60	

Serum albumin (g/dL)			 

	 Alb < 3.5	 2	 75.00	 0.02

	 Alb > 3.5	 18	 15.50	

Aspartate aminotransferase (U/L)	 	

	 AST < 35	 15	 7.30	 0.04

	 AST > 35	 5	 26.17	

Alanine aminotransferase (U/L)	 	

	 ALT < 35	 8	 7.15	 < 0.01

	 ALT > 35	 12	 30.98	

Akaline phosphatase (U/L)			 

	 ALP < 200	 3	 5.77	 0.04

	 ALP > 200	 17	 24.21	

Prothrombin time-INR**	 	 	

	 INR < 1.2	 10	 13.41	 0.04

	 INR > 1.2	 9	 32.06	

Platelet count (x 109 cells/L)**	 	 	

	 < 150	 9	 27.8	 0.047

	 > 150	 9	 9.96

*Mann Whitney U test, **presence of missing values

Fig 1. Diagnostic performance of (A) liver stiffness measure and (B) aspartate transaminase to platelet ratio index in predicting esophageal 
varices in biliary atresia patients.
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Parental Stress-Coping Skills and Resilience among 
Parents of Children with Specific Learning Disorders

ABSTRACT
Objective: Parental stress may affect parents’ health, behavior, and children. The use of coping styles and resilience 
can help parents handle stress. The aim of this study was to examine the relationships among the demographic data, 
coping styles, resilience, and stress levels of the primary caregivers of children with Specific Learning Disorders (SLD)
Methods: 160 primary caregivers of children aged 6 to 17 with SLD who attended the Child and Adolescent 
Psychiatric Clinic at Siriraj Hospital were asked to complete the four-part questionnaires. The data were analyzed 
to find any correlations.
Results: 91.9% of participants had parenting stress at a typical stress level, and 68.8% were rated normal on the 
resilience quotient. With regard to coping style, the participants rated highest in problem-focus coping (mean score 
3.8 ± 0.5), followed by seeking social support (3.0 ± 0.8), and avoidance (2.3 ± 0.6). The score on the Parenting 
Stress Index correlated with social support (r = 0.207, p < 0.01) and avoidance (r = 0.538, p < 0.01). The resilience 
quotient score demonstrated a negative association with parenting stress (r = –0.291, p < 0.01), emotional stability 
(r = –.0.242, p < 0.01), encouragement (r = –0.297, p < 0.01), and problem-solving (r = –0.189, p < 0.05). 
Conclusion: Most of the parents had typical stress. Social support and avoidance -coping skills were significantly 
correlated with parenting stress and resilience. This suggests that one’s coping style and resilience are crucial to 
parents’ or primary caregivers’ quality of life. 
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INTRODUCTION
	 Specific Learning Disorder (SLD) is one of the 
neurodevelopmental disorders which can be identified 
from a demonstration of slower cognitive development 
in three areas: writing, reading, and math calculation, 
when compared to other children or those of the same 
age.1 These three characteristics of SLD affect children 
significantly in their daily life, learning skills, and mental 
state, since these children can develop a negative feeling 
about their cognitive abilities.2 According to several studies, 
children who are diagnosed with SLD will eventually 

have lower psychosocial health, plus more anxiety and 
depression.3,4 Ginieri-Coccossis et al.5 have also concluded 
that children diagnosed with SLD have lower mental health, 
self-esteem, and relationship satisfaction.  Moreover, it 
was found that the parents of SLD children also have a 
lower satisfaction with their environment and society at 
large. And these effects can also cause stress and sickness 
among parents and/or caretakers of children with SLD.6
	 Parenting stress is defined as distress as a result 
of the parental role, and is influenced by life events, 
environment, sociological factors, the child’s characteristics, 
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and those of the parents. Particularly, families of children 
with disabilities report a high level of parenting stress. 
Previous studies have found that parents of children with 
SLD have a higher stress level than parents of children 
without such disorders. This association also extends to 
IQ level, behavioral problems, and emotional problems 
in children.2,3,7-10 Children with disabilities need more 
attention and special care11 such as daily expenses, 
educational fees, and other costs, which makes parents 
significantly change their daily routine. Altogether with 
these mentioned factors, it may increase more tension and 
stress level that affects their well-being,12 their capacities 
to manage and also their relationships toward their 
children.13 High-stress levels may result in very negative 
feelings, poor well-being, induced depression, and strain 
on the relationships between parents themselves and 
with their children13,14 and other relatives. Learning to 
effectively cope is absolutely essential.
 	 When a stressor becomes a threat to people, it 
affects their emotional, behavioral, and physical aspects, 
as well as their ability to adapt.15 Lazarus and Folkman 
defined coping as the adaptation of a person, enabling 
him or her to understand, reduce, and endure stress from 
external or internal resources including work, the social 
environment, high self-expectations, and emotional 
conflicts.16 The weight of the stress increases in parents 
who feel less equipped to handle it. Parents of children with 
a disability of course cope with their stress differently.17 

Benson18 reported that mothers of children with Autism 
Spectrum Disorder (ASD) who use avoidance-coping 
mechanisms have higher levels of depression and anger, 
and mothers who use reframing-cognitive coping have 
a better well-being. There is limited evidence on which 
types of coping are used by parents of children with SLD, 
and whether those types are associated with the level of 
parenting stress. However, coping is not the only way 
to reduce stress. Resilience is another factor that helps 
anyone dealing with stress.
 	 Resilience is an internal resource used to bounce 
back from crisis, and some individuals bounce back to 
normal, whereas some learn to cope with future stress.19 

The concepts of resilience can be perceived as cope or 
a factor that influences appraisals, emotional reactions 
and coping of the person. Resilience can be developed 
through physical, cognitive, self-aware, emotional, social, 
or risk-organization factors, all of which provide support 
for adaptation.20,21 These characteristics can relieve parental 
stress, allowing parents to be more patient and to be 
prepared for the next obstacle to come. For those who 
have the responsibility of managing the behavior of a 
child with a disability, higher parental stress levels and 

poor well-being, such as depression and anxiety, can 
undermine the daily-life skills learned by their children. 
Previous studies have found that families with children 
diagnosed with ASD who scored high on the resilience 
test had lower levels of stress.22 In this study, we examine 
the associations among characteristics of parents, coping 
styles, parenting stress, and the resilience of parents of 
children with SLD.

MATERIALS AND METHODS
	 All procedures performed in studies involving 
human participants were in accordance with the ethical 
standards of the Siriraj Institutional Review Board (Si 
485/2018), Faculty of Medicine Siriraj Hospital, Mahidol 
University and with the 1964 Helsinki Declaration and 
its later amendments. Informed consent was obtained 
from all individual participants included in the study. 

Participants
 	 Convenience sampling was performed. The participants 
in this study were 160 parents or primary caregivers of 
children with SLD who attended the Child and Adolescent 
Psychiatric Clinic at Siriraj Hospital. Regarding the 
previous studies, Researchers have estimated that the 
proportion of primary caregivers who were classified 
as a high-stress level group regarding taking care of 
children with SLD is approximately 0.507,23, compared 
with those who have less stress level. Participants were 
informed about the research and asked to sign a written 
consent.

Inclusion criteria
 	 Inclusion criteria included parents or primary 
caregivers of children with SLD aged 6 to 17 who were 
diagnosed by child and adolescent psychiatrists. Parents 
or primary caregivers were required to live with the 
children, be fluent in Thai, and agree to participate in 
the study.

Materials 
	 The questionnaires were divided into four parts.

Part 1: Parental characteristics 
	 This part consisted of six questions related to the 
characteristics of parents or primary caregivers: age, 
marital status, level of education, income, number of 
children in their care, and a list of other caregivers who 
raise the children, as well. 

Part 2: Parenting Stress Index-Short Form (PSI-SF) 
	 The PSI-SF developed by Abidin and translated 
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into Thai version by Nuttorn Pityaratstian.8 The Thai 
PSI-SF used to measure parenting stress which included 
36-item self-report using the five-point Likert scale. The 
PSI-SF included three subscales: the Parental Distress 
(PD) scale, the Parent-Child Dysfunctional Interaction 
(P-CDI) scale, and the Difficult Child (DC) scale. The 
total parenting-stress score ranged from 36 to 180, and 
all subscales ranged from 12 to 60. Scores higher than 
those in the 90th percentile indicated clinically significant 
stress in personal adjustment, relationships between the 
parent or caregiver and child, and/or handling a child’s 
behavior. The Cronbach’s alpha was 0.904.

Part 3: Resilience Quotient (RQ) 
	 The RQ was developed by the Department of Mental 
Health of Thailand.19 It consists of 20 questions designed 
to measure the capacity to recover from stressors. The 
RQ included three subscales: the Emotional Stability 
scale, the Encourage scale, and the Problem-Solving 
scale. The RQ used a four-point Likert scale and was 
self-reported. The normal ranges of these subscales 
were 27 to 34 on the Emotional Stability scale, 14 to 19 
on the Encourage scale, and 13 to 18 on the Problem-
Solving scale. Compared with the mean of each subscale, 
lower scores indicated lower resilience than normal, and 
higher scores indicated higher resilience than normal. 
The Cronbach’s alpha was 0.749.

Part 4: Coping scale 
	 Coping scale was developed by Supapan Kotcharat 
and revised by Prathana Leksomboon.24 A 39-item 
questionnaire was used to measure three scales of coping: 
problem-focusing coping, seeking social support, and 
avoidance. The coping scale consisted of a five-point 
Likert scale and was self-reported. The average score 
of each subscale was calculated based on the average 
of the items associated with that subscale. The total 
score ranged from 1.00 to 5.00 points. A higher score 
indicated that the more frequent coping style was used. 
The Cronbach’s alpha was 0.89.

Data analysis
	 The data were analyzed using SPSS software. The 
percentage, frequency, mean, and standard deviation 
of the demographic data were calculated, and coping, 
resilience, and parenting stress were evaluated using 
descriptive statistics. The correlations among parenting 
stress, coping, and resilience were analyzed by using 
the Pearson correlation coefficient, the t-test, and the 
one-way analysis of variance.

RESULTS
Demographic data
	 The characteristics of the participants are summarized 
in Table 1. The study participants were 160 parents or 
primary caregivers of children with SLD whose ages 
ranged from 23 to 73. The mean age of participants was 
43.7 ± 8.9. 
	 Most of the participants were married (n = 112, 
70%) and had a bachelor’s degree (n = 79, 49.7%), and 
more than half of participants had an income of less 
than 20,000 baht/month (n = 89, 55.6%). Nearly half 
of the participants (n = 76) had two children (42.5%), 
and most (n = 113) were raising children on their own 
(70.6%).

Parenting stress
 	 Most participants had a typical total stress level 
(91.9%), with subscales of PD (95%), P-CDI (81.9%), 
and DC (89.4%). The raw mean scores for the PD (M 
= 28.9, SD = 6.2), P-CDI (M = 29.2 SD = 6.5), DC (M 
= 29.8 SD = 7.8), and total stress (M = 87.9 SD = 17.2) 
are shown in Table 2.

Resilience
 	 More than half of the participants had a normal 
level of total resilience (68.8%), as well as Emotional 
Stability (69.4%), Encourage (77.5%), and Problem-
Solving (80%). The scores for total resilience (M = 62.9 
SD = 7.3) and the subscales of Emotional Stability (M 
= 30.7, SD = 4.1), Encourage (M = 16.7, SD = 2.3), and 
Problem-Solving (M = 15.4, SD = 2.4) are shown in 
Table 2.

Coping
 	 More than half of the participants rated problem-
focused coping as the coping style they most typically 
used (66.3%); nearly half of the participants rated seeking 
social-support coping as generally used (48.8%), and 
about half of the participants rated avoidance coping as 
rarely used (50.6%). The mean scores for the subscales 
of Problem-Focused Coping (M = 3.8, SD = 0.5), Seek 
Social Support (M = 3.0, SD = 0.8), and Avoidance (M 
= 2.3, SD = 0.6) are shown in Table 2.

Correlation between demographic characteristics of 
participants and parenting stress
	 There wasn’t a significant association between parental 
stress and demographic characteristics of participants.

Correlations between coping and parenting stress
	 There was a significant association between parental 
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TABLE 1. Demographic characteristics of participants (N = 160).	

Characteristic		  N	 %

Marital status	 Single	 17	 10.6

	 Married	 112	 70

	 Divorced/widow	 31	 19.4

Education level	 Elementary school	 31	 19.4

	 High school	 49	 30.6

	 Bachelor’s degree	 79	 49.4

Income (Baht/month)	 <20,000	 89	 55.6

	 20,001-30,000	 40	 25

	 ≥30,000	 31	 19.4

Children 	 1	 68	 42.5

	 2	 76	 47.5

	 ≥3	 16	 10

Other caregivers	 Do not have other caregivers 	 113	 70.6

	 Have other caregivers	 47	 29.4

TABLE 2. Total and subscale scores for parenting stress, resilience, and coping.	

Item		  Mean ± SD

Parenting stress	

Parenting stress total score	 87.9 ± 17.2

	 Subscale	

	 Parental Distress (PD)	 28.9 ± 6.2

	 Parent-Child Dysfunctional Interaction (P-CDI)	 29.2 ± 6.5

	 Difficult Child (DC)	 29.8 ± 7.8

Resilience	

Resilience total score	 62.9 ± 7.3

	 Subscale	

	 Emotional Stability 	 30.7 ± 4.1

	 Encourage	 16.7 ± 2.3

	 Problem Solving	 15.4 ± 2.4

Coping	

	 Problem Focusing Coping	 3.8 ± 0.5

	 Seek social support	 3.0 ± 0.8

	 Avoidance	 2.3 ± 0.6
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stress and seeking social-support coping (r = 0.207,  
p < 0.01) and avoidance coping (r = 0.538, p < 0.01), but 
stress did not correlate with problem-focused coping  
(r = -0.059, p = 0.46), as shown in Fig 1.

Correlations between resilience and parenting stress
	 There was a significant negative association between 
parental stress and resilience. This indicates that a higher 
total resilience score is associated with lower parental stress  
(r = -0.291, p < 0.01), emotional stability (r = -0.242, 
p < 0.01), encouragement (r = –0.297, p < 0.01), and 
problem-solving (r = -0.189, p < 0.05), as shown in Fig 2.

DISCUSSION
	 Our study showed that most parents and primary 
caregivers have typical stress, as indicated by the total 
and all the subscales scores. The results were inconsistent 
with those in previous studies.3,16 The first explanation 
for this result is related to parents’ internal factors. 
Smith et al.25 found that mothers of toddlers with ASD 
use less emotional-focused coping and more problem-
focused coping, which is associated with well-being. 
However, resilience might be another factor associated 
with parents’ and caregivers’ well-being. The findings of 

a study on the effects of social support and resilience on 
parental stress regarding children with ASD showed that 
families with high resilience have lower parental stress.22 

These studies demonstrated that coping and resilience 
are important to the well-being of a parent in difficult 
situations. These factors can help parents relieve stress 
and minimize the negative effects on their well-being. 
The second explanation centers on the behavior of the 
children. Craig et al.7 examined the parental stress of those 
with children who had a neurodevelopmental disorder, 
and found that parents of children with attention-deficit 
hyperactivity disorder (ADHD) and ASD have a higher 
level of stress than parents of children with SLD, which 
is associated with behavioral problems and IQ level. 
These results suggest that parents of children with SLD 
may have a reduced effect on their children’s behavior 
than parents of children with ADHD or ASD. Other 
explanations deal with the time period. Parents of children 
with SLD who have a new diagnosis may stress out more 
than parents of children who have had a diagnosis for 
some time. Parents of children with a diagnosis have 
access to a parent-training program, group counseling, 
or individual therapy from specialists, which may help 
to reduce their stress.9

Fig 1. Correlation between coping and parenting stress.
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	 In terms of the correlations between parental 
characteristics and parenting stress, we found no correlation 
between demographic data and parenting stress. From 
this, we can assume that there are other factors that 
have a greater impact on parenting stress than parental 
characteristics. With regard to the correlation between 
coping and parenting stress, the results indicated that 
seeking social support was significantly correlated with 
parental stress (r = 0.207, p < 0.01). However, the trend 
of this study’s results differed from that in  other studies, 
which found that greater social support was associated 
with lower stress.26 The previous study found that parents 
of children with a disability tend to seek social support 
more than other parents do,19 which is associated with 
high parental stress.22 Social support as an important 
factor for families dealing with stress, such as exchanging 
information, as well as advising and encouraging each 
other.27 Parents should be encouraged to adapt to and 
select more effective coping methods when dealing with 
stress, including diseases.28

	 We found that avoidance is significantly correlated 
with parenting stress (r = 0.538, p < 0.01), which connects 
to the findings of previous studies that reported that 
parents who used avoidance coping have greater stress 

Fig 2. Correlation between resilience and parenting stress.

and more psychological problems.20,29 It is possible that 
handling many stressors that are difficult to resolve 
can lead to a higher level of stress, which may result in 
avoidance coping to avoid negative feelings. A previous 
study found that fathers of children with a disability 
who dealt with many stressors had less effective coping 
skills.30 Similarly, Vidyasagar and Koshy31 found that 
the behavioral problems of children with ASD raised 
their mother’s stress levels, and avoidance coping may 
help these mothers to reduce their stress. However, 
using avoidance coping skills in situations of long-term 
stress tends to cause more negative effects on parental 
well-being.33

          The next examination was the correlations between 
resilience and parental stress. We found that resilience 
was significantly and negatively correlated with parental 
stress (r = -0.291, p < 0.01). This is consistent with the 
results of a previous study, which found a negative 
relationship between family resilience and parental stress.22 
This indicates that parents who have high parental stress 
also have a lower level of resilience. There are many 
possible explanations for this outcome. A person with 
resilience is more tolerant to stressors, mainly because 
those who possess resilience characteristics, such as prior 
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experience dealing with a child’s behavioral problems or 
discussing their challenges with others who have the same 
problem,20 helped to mitigate the problems. One study 
found that families of children with ASD or disabilities 
use resilience, for example, to focus on the positive side of 
a problem, to find a meaning in life,32 to collaborate with 
family, seek support, solve problems,22 and improve their 
self-esteem.33 These characteristics help parents endure 
various obstacles. Parents of children with SLD may use 
resilience characteristics when dealing with stress, such 
as problems in adjusting, problems with the relationship 
between the parent or caregiver and child, or difficultly 
handling a child’s behavior. These parents may receive 
encouragement from family members or seek advice 
from a specialist, which helps to build emotional-control 
skills, self-esteem, self-efficacy,34 hope, and will depend 
less on external sources.35 
         To the best of our knowledge, the present study is the 
first study investigate the parental stress of children with 
SLD in this country. However, several limitations should 
be considered, (1) This study was conducted in a single 
tertiary-care hospital which might not represent all Thai 
parents of SLD children or might not be generalizable 
to other setting, (2) the data was collected from a self-
rated questionnaire. Additional clinical information, 
e.g., duration before and after diagnosis, children’s 
comorbidities and treatment might contribute to level 
of stress of parents. Therefore, further researches that 
conduct in the different setting and investigate the factors 
that may associate with parental stress are required.
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Life Assets and Substance Use of High School 
Students in Songkhla

ABSTRACT
Objective: To examine the association between life assets (including demographic factors) and substance use among 
high school students.
Materials and Methods: In this cross-sectional study, 1,713 participating students were asked to fill out questionnaires. 
Data were analyzed using descriptive statistics (e.g., mean, frequency and standard deviation); associating factors 
were analyzed via univariate analysis and ordinal logistic regression.
Results: Among the participants, 67.5% were females with a mean age of 16.4 ± 0.96 years. On average, the participants 
have a good level of overall life assets, except for community power. Those with a mean age of 14.3 years engaged in 
substance use early, with peer influence being a leading cause (8.1%). 48.0% of the participants had used substance 
in their lifetime, and 74.7% of them had used only 1 substance, with alcohol being the most prevalent (97.7%). An 
excellent level of participant life assets, especially wisdom power, was negatively associated with substance use (OOR 
= 0.48). Other significant factors that discouraged substance use were being an only child (OOR = 0.75), having a 
high cumulative grade point average (GPA) (OOR = 0.63), and belonging to a two-parent family. (OOR = 0.79) 
Conclusion: This study affirms a negative relationship between an excellent level of life assets, especially wisdom 
power, and substance use. Demographic factors like being an only child, having a high GPA, and belonging to 
two-parent households also showed a strong negative association with substance use.
 
Keywords: Life assets; substance; student; high school (Siriraj Med J 2021; 73: 46-54)

Corresponding author: Jaturaporn Sangkool  
E-mail: sjaturap@medicine.psu.ac.th                                                                                                         
Received 14 September 2020    Revised 8 October 2020    Accepted 9 October 2020
ORCID ID: http://orcid.org/0000-0002-6395-1394                                       
http://dx.doi.org/10.33192/Smj.2021.07

INTRODUCTION	
	 Substance use is a substantial public health problem 
worldwide. The United Nations Office on Drugs and 
Crime estimates that 271 million people around the 
globe used substances in 2016. Moreover, the number 
of substance users who suffered from substance use 
disorders and who died from substance use was 35 
million and more than half a million, respectively.1 

Substance abuse is a social problem in Thailand as well. 
According to surveys, 2.9 million Thai people were 

substance abusers in 20162 (youths aged 12-15 years in 
Bangkok are exposed to substance use early)3, and 50% of 
patients at rehabilitation centers were youths who tended 
to use combinations of substances.4 In addition to the 
propensity for developing health problems, adolescents 
who use substances excessively are highly susceptible to 
having irritability and psychosis, leaving schools, having 
broken families, and committing crimes.4,5 Therefore, it 
is important to identify adolescents at risk for substance 
use and provide an effective early intervention for them. 
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	 Prior studies have examined factors that are negatively 
associated with adolescent substance use. These protective 
factors-or assets-include academic achievement6, family 
support6,7, positive peers8,9, and adult role models.7 In 
particular, adolescents with high academic aspirations6, 
supportive parents7, and low substance use among friends9 
are less inclined to engage in substance use. 
	 Apart from these protective factors, life assets are 
viewed as positive supports and strengths that may 
prevent adolescents from engaging in risk behaviors, e.g. 
substance use. In the United States, the Developmental 
Assets Framework was developed to evaluate life assets 
using 40 indicators.10 Based on this framework, many 
studies have reported that individuals with many life assets 
were less likely to use cigarettes, alcohol, and marijuana 
in the past 30 days.11 In addition, life assets may promote 
positive behaviors such as high academic achievement, 
the use of safety belts, and engaging in aerobic exercise.11 

In Thailand, using the same framework10, life assets have 
been assessed using 48 indicators that are categorized 
into 5 domains: self-power, family power, peer power, 
wisdom power, and community power.5,12 Thai high school 
students have been reported to pass the overall criteria 
for life assets, except community power.13–15 However, 
there is limited evidence showing how life assets may 
prevent substance use among students in Thailand.
	 The objective of this study was to examine the 
relationship between life assets as well as other demographic 
factors and substance use in high school students in 
Songkhla province, an endemic area of substance use 
in Southern Thailand.16 

MATERIALS AND METHODS
	 The Ethics Committee of the Faculty of Medicine, 
Prince of Songkla University approved this cross-sectional 
study (REC.62-032-3-4). It was conducted from June 
to September, 2019. The sample size was calculated by 
G*Power that had an effect size as 0.1, the Alpha as 0.05, 
the Power as 0.8 and the Degree of Freedom (df) as 4. 
Among 1,713 students studying in grades 10-12 from 7 
high schools in Hat Yai, which were selected randomly 
using cluster sampling and probability proportional to size. 
To be enrolled in the survey, the students needed to be 
able to both understand and complete the questionnaires, 
while students on a leave of absence were excluded.

Methodology
	 The randomly selected students were first introduced 
to the rationale of the study, and then they were informed 
about the acquired information as well as the protection 

of their confidential information. If the students agreed 
to participate in the surveys, they would take a few 
minutes to complete the questionnaires without the 
requirement for their signatures in order to ensure their 
anonymity. After their completion, the questionnaires 
were placed in boxes in front of the classroom by the 
students themselves. The results were returned to the 
participants’ e-mail addresses. All participants had the 
right to request a withdrawal at any time and without 
repercussion.

Instruments
	 The questionnaires consisted of 4 parts: 
	 1) Demographic data comprised gender, age, ethnicity, 
academic year, cumulative grade point average (GPA), 
child order, religion, area of residence, type of residence, 
people living with, parent’s marital status, and parent’s 
level of education. 
	 2) The Life Assets Questionnaire (youth version) 
consisted of 48 items enquiring about self-power (15 
items), family power (8 items), wisdom power (11 items), 
peer power (6 items), and community power (8 items). 
For each item, the responses ranged from “0” (none) to 
“3” (regularly). The total scores were categorized into 4 
levels: excellent (≥80.0%), good (70.0-79.9%), moderate 
(60.0-69.9%), and low (<60%), which was considered 
to indicate failure. In this questionnaire, a Cronbach’s 
alpha is 0.89.12 
	 3) Substance use information included age at initiation 
of use, reasons for use, and types of substance used. 
	 4) The ASSIST-Lite Thai version17 consists of 8 
questions related to illicit substances; there are a few 
questions enquiring in more detail about each substance. 
In total, it contains 19 items rated with “Yes” (score 
one) or “No” (score zero). The cut-off score of a likely 
substance use disorder (SUD) is 2, while the cut-off score 
of alcohol is 3. The ASSIST-Lite has the AUC [0.8-1.0], 
sensitivity [0.8-1.0] and specificity [0.7-0.8].18 In this 
study, we use the ASSIST-Lite to assess the past-3-month 
substance use among students.

Statistical analysis
	 The data were analyzed using descriptive statistics, e.g. 
percentage, frequency, average, and standard deviation. 
The factors associated with substance use were scrutinized 
via univariate analysis. If the p-value from the univariate 
analysis was less than 0.2, those factors were analyzed 
using an ordinal logistic regression. Those factors with a 
p-value of less than 0.05 were indicated as the statistically 
significant factors.
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RESULTS
Demographic data 	
	 Of the 1,713 participants, 67.5% were female with 
mean age of 16.4 ± 0.96 years (range 15-19 years). The 
students studied in grades 10 (31.9%), 11 (33.0%); and 
12 (35.0%). The majority of them was Buddhist (89.6%), 
had siblings (80.2%), had GPAs in the 3.00-4.00 range 
(53.1%), lived in urban areas (71.8%), and lived in two-
parent households (65.0%).

Substances
	 Fig 1 shows the details of substance use categorized in 
3 groups: students with a lifetime substance use, students 
with a past-3-month occasional use, and students with a 
likely substance use disorder (SUD) based on the past-
3-month use. The common substances in the lifetime 
use category were alcohol (97.7%), smoking (21.6%), 
and stimulants (8.8%). About three quarters (74.7%) 
of participants used 1 substance, while the remaining 
quarter (25.3%) were polysubstance abusers. The number 

of male students was higher than that of females in terms 
of using substances in combination. 
	 Fig 2 shows that the proportions of participants 
who reported substance use by grade were: grade 12 
(38.4%), grade 11 (36.4%), and grade 10 (25.2%). 66% 
of them were identified as female, 32.5% as male, and 
1.5% as other.
	 As shown in Fig 3, approximately half (48.0%) of the 
participants reported a lifetime substance use. 39.3% of 
participants were past-3-month substance users and 8.7% 
of participating students were past-3-month substance 
non users. Fig 4 shows the past-3-month substance users. 
63.4% of them reported occasional substance users, and 
36.6% were students with likely SUD. 
	 The average age of the participating students at the 
initiation of substance use was 14.3 years. Fig 5 shows 
that the reasons for engaging in substance use were peer 
influence (8.1%), sadness or stress (7.0%), and curiosity 
(6.5%). 

Fig 1. Substances used in the 3 groups: lifetime substance users, past-3-month occasional users, and past-3-month users with likely SUD 
(n=818). 
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Fig 5. The reasons of substance use.

Fig 2. Academic year and substance use.

Fig 3. Lifetime and past-3-months substance users.

Fig 4. Past-3-months substance users.
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Life assets
	 On average, the participants had a good level of life 
assets; 81.9% of them met the criteria for life assets. In 
particular, they had an excellent level of family power, 
a good level of self-power, a moderate level of peer and 
wisdom power, and a low level of community power. 
	 Table 1 presents the data related to the overall life 
assets as well as per the 5 life asset domains according 
to the 3 subgroups: non-users, past-3-month occasional 
users, and past-3-month users with likely SUD. In terms 
of the life assets, the majority of non-users and past- 
3-month occasional users had the good level, while past-
3-month users with likely SUD had the moderate level. 

The association between life assets, demographic data, 
and substance use
	 Tables 1 and 2 show the univariate analysis results 
of the demographic data and life assets according to the  
3 student groups: non-users, past-3-month occasional users, 
and past-3-month users with likely SUD. The variables 
that were analyzed using an ordinal logistic regression 
were gender, siblings, GPA, type of residence, people 
living with, and life assets (self-power, family power, 
and wisdom power). The majority of non-users, past-
3-month occasional users and past-3-month users with 
likely SUD had similar trends in terms of demographic 
factors; for example, the majority of the 3 subgroup lived 
in two-parent households, had high GPA, and had an 
excellent level of self-power.
	 As shown in Table 3, students with an excellent level 
of life assets were less likely to engage in substance use, 
and the related factors that were found to discourage 
substance use statistically were being an only child, having 
a GPA the range between 3.00 and 4.00, and belonging 
to a two-parent family (P-value < 0.05). Moreover,  
a negative relationship between having an excellent level 
of wisdom power and substance use was detected (OOR 
= 0.48, 95% CI 0.35-0.66, P-value < 0.001). 

DISCUSSION
	 This research examines the association between life 
assets and substance use in Thai students. Our results 
suggest a lower prevalence of substance use among 
students with an excellent level of life assets (especially 
wisdom power). According to previous studies in the 
United States8,11, the number of assets was negatively 
related to alcohol and substance use, and youths who 
had any 1 of the assets were approximately 1.5 to 3 
times more likely to report nonuse of substances. Our 
findings support that the demographic factors such as 

being an only child, belonging to two-parent households, 
and having a high GPA are statistically found to deter 
students from engaging in substance use. The studies in 
Kenya19, California20 and Thailand21-24  also suggest that 
students who are an only child, who belong to two-parent 
households, and who have a high academic performance 
may be less likely to use substances. Possible reasons may 
be the protection and attention they receive from one or 
both parents19, close parental monitoring20, their sound 
understanding of the negative consequences of substance 
use24, a good sense of competency, and a healthy level 
of self-control.23 According to our results, the students 
met the overall criteria of life assets; the only exception 
was community power. Consisting with past surveys in 
Thailand13-15, Thai students also met the overall criteria of 
life assets, except the community power. These results may 
be explained by the evolution of individualist societies.
	 Furthermore, 48% of the participating students 
reported engaging in lifetime substance use, and 39.3% 
were past-3-month substance users, of whom 63.4% 
participated in occasional substance use, and the remaining 
36.6% were participants with likely SUD. These results 
mirror the findings of past studies, which have reported 
that students tend to try substances rather than use them 
regularly.25 Alcohol was the most commonly used substance. 
According to Bangkok survey3, Thai teenagers easily 
access to alcohol because two-thirds of them purchased 
alcohol by themselves.
	 In addition, it was found that, on average, the 
students initiated their use of substances at the age of 14.3 
years due to primarily peer influence, stress or sadness, 
and curiosity. Consisting studies in Colorado26, peer 
relationships are positively associated with adolescent 
substance use. In Thai surveys3, teenagers drank alcohol 
for social purposes; drank alcohol with peers and drank 
alcohol alone when they had life problems. Adolescents 
who have peers that use substances and those experiencing 
high stress levels tend to use substances because they 
may observe and decide to imitate close their friends’ 
negative behaviors21,27 or substances as self-medication 
for mood-altering purposes.26

	 In conclusion, both researchers and healthcare 
practitioners may find the results of our study useful for 
the development in preventing substance use among high 
school students. Finally, national public health policies 
should focus on developing interventional strategies that 
aim to boost the students’ life assets, and in particular, 
to promote education related to the dangers of engaging 
in substance use. 
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TABLE 1. Univariate analysis of life assets and their 5 domains among past-3-month substance users.

Life assets 					     0.01

Failure	 310 (18.1)	 146 (16.5)	 94 (22.1)	 48 (19.6)	

Moderate level	 482 (28.1)	 241 (27.2)	 121 (28.5)	 75 (30.6)	

Good level	 525 (30.6)	 263 (29.7)	 134 (31.5)	 72 (29.4)	

Excellent level	 396 (23.1)	 236 (26.6)	 76 (17.9)	 50 (20.4)	

Self-power					     0.13

Failure	 118 (6.9)	 63 (7.1)	 28 (6.6)	 20 (8.2)	

Moderate level	 354 (20.7)	 162 (18.3)	 108 (25.4)	 50 (20.4)	

Good level	 458 (26.7)	 236 (26.6)	 109 (25.6)	 65 (26.5)	

Excellent level	 783 (45.7)	 425 (48.0)	 180 (42.4)	 110 (44.9)	

Family power					     0.03

Failure	 224 (13.1)	 103 (11.7)	 61 (14.4)	 37 (15.1)	

Moderate level	 1163 (9.5)	 72 (8.1)	 46 (10.8)	 29 (11.8)	

Good level	 317 (18.5)	 152 (17.2)	 86 (20.3)	 49 (20.0)	

Excellent level	 1006 (58.7)	 557 (63.0)	 231 (54.5)	 130 (53.1)	

Wisdom power					     <0.001

Failure	 541 (31.6)	 251 (28.4)	 166 (39.2)	 88 (35.9)	

Moderate level	 502 (29.2)	 253 (28.6)	 123 (29.0)	 70 (28.6)	

Good level	 291 (17.0)	 141 (16.0)	 63 (14.9)	 51 (20.8)	

Excellent level	 377 (22.0)	 239 (27.0)	 72 (17.0)	 36 (14.7)	

Peer power					     0.29

Failure	 410 (23.9)	 224 (25.3)	 98 (23.1)	 51 (20.8)	

Moderate level	 467 (27.3)	 228 (25.7)	 128 (30.1)	 62 (25.3)	

Good level	 390 (22.8)	 197 (22.2)	 101 (23.8)	 60 (24.5)	

Excellent level	 446 (26.0)	 237 (26.7)	 98 (23.1)	 72 (29.4)	

Community power					     0.33

Failure	 939 (54.8)	 477 (54.0)	 250 (58.8)	 129 (52.7)	

Moderate level	 257 (15.0)	 131 (14.8)	 61 (14.4)	 38 (15.5)	

Good level	 243 (14.2)	 122 (13.8)	 62 (14.6)	 37 (15.1)	

Excellent level	 271 (15.8)	 154 (17.4)	 52 (12.2)	 41 (16.7)	  

				    Number of users (%)

	 Life assets	 Overall	 Lifetime non	 Past-3-month	 Past-3-month	 P-value

	 domains	 Participants	  substance users 	 occasional users	 users with likely

		  (n=1713)	 (n=886) 	 (n=425)	 SUD (n=245)
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TABLE 2. Univariate analysis of demographic characteristics among past-3-month substance users.

Gender					     0.002

Male	 539 (31.5)	 271 (30.6)	 117 (27.5)	 98 (40.0)	

Female	 1157 (67.5)	 610 (68.8)	 304 (71.5)	 142 (58.0)	

Other	 17 (1.0)	 5 (0.6)	 4 (0.9)	 5 (2.0)	

Siblings 					     0.07

Only child 	 314 (18.3)	 178 (20.3)	 64 (15.2)	 41 (17.1)	

Siblings	 1373 (80.2)	 697 (79.7)	 356 (84.8)	 199 (82.9)	

GPA	  	  	  	  	 <0.001

<3.00	 450 (26.3)	 200 (28.4)	 120 (35.9)	 83 (41.7)	

3.00-4.00	 910 (53.1)	 505 (71.6)	 214 (64.1)	 116 (58.3)	

Residence type	  	  	  	  	 0.13

House	 1497 (87.4)	 749 (85.3)	 338 (80.3)	 199 (81.2)	

Dormitory	 153 (8.9)	 68 (7.7)	 48 (11.4)	 28 (11.4)	

Other (condominium)	 51 (3.0)	 61 (6.9)	 35 (8.3)	 18 (7.3)	

People living with (could choose more than one answer)

Two-parent household	 1114 (65.0)	 602 (67.9)	 270 (63.5)	 139 (56.7)	 0.004

One-parent household	 335 (19.6)	 168 (19.0)	 79 (18.6)	 58 (23.7)	 0.21

Siblings	 904 (52.8)	 474 (53.6)	 226 (53.3)	 122 (49.8)	 0.57

Friends	 58 (3.4)	 16 (1.8)	 23 (5.4)	 15 (6.1)	 <0.001

Alone	 59 (3.4)	 28 (3.2)	 19 (4.5)	 11 (4.5)	 0.4

Parent’s marital status					     0.43

Married	 1263 (73.7)	 668 (75.5)	 310 (72.9)	 171 (69.8)	

Separated	 102 (6.0)	 53 (6.0)	 26 (6.1)	 14 (5.7)	

Divorced	 253 (14.8)	 117 (13.2)	 69 (16.2)	 46 (18.8)	

Widowed	 93 (5.4)	 47 (5.3)	 20 (4.7)	 14 (5.7)	  

	    			   Number of users (%)

   Demographic data	 Overall 	 Lifetime non	 Past-3-month	 Past-3-month	 P-value

		  Participants 	 substance	 occasional	 users with

		  (n=1713)	 users	 users 	 likely SUD

			   (n=886)	 (n=425)	  (n=245)
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Limitations
	 There are two main limitations in this study. First, 
this cross-sectional survey cannot show a clear causal 
relationship between the students’ life assets and substance 
use because it employed only self-reporting questionnaires. 
There is a real possibility that the participants might 
have not provided truthful information regarding their 
substance use due to it being considered a socially 
unacceptable behavior. Second, the study population 
was randomly sampled only from students in Southern 
Thailand; therefore, these findings might not be valid for 
all Thai students throughout the country. Furthermore, 
the majority of the participants were female students, 
who tend to be less likely to use substances. 

Implications and future recommendations
	 Further studies should examine the life assets of 
students in alternative schools as well as those pursuing 
non-formal education. Thus, multi-center cohort studies 
are recommended.

CONCLUSION
	 This study investigated the association between 
individual life assets (including demographic factors) and 
the use of substance. Its findings revealed a statistically 
positive relationship between life assets and substance 
non-use. The students with an excellent level of life assets, 
especially wisdom power, were significantly less likely 
to use substances. The related factors that discouraged 
substance use were being an only child, having a high 
GPA, and belonging to two-parent households. 
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Reliability and Validity of the Thai Version of the 
Modified Japanese Orthopaedic Association Score 
(mJOA score) 

ABSTRACT
Objective: To evaluate the reliability and validity of the Thai version of the modified Japanese Orthopaedic 
Association scale.
Methods: The modified Japanese Orthopaedic Association scale was translated into Thai language to create the 
Thai version of the Modified Japanese Orthopaedic Association (Thai-mJOA) scale. Translation was performed 
according to international standards using a forward-backward translation protocol. Translation was performed 
by 2 expert translators and 1 physician, and the final version was approved by an expert committee. Thai patients 
with cervical spondylosis with myelopathy were enrolled and evaluated using the Thai-mJOA scale, Nurick Grading, 
the Thai version of the Neck Disability Index (Thai-NDI), and the Thai version of the Short Form-36 (Thai-SF-36). 
Reliability and validity of the Thai-mJOA were assessed via comparison with the Nurick Grading and the Thai-NDI.
Results: Ninety-two patients were included. The most common compression level was C5-C6 vertebral disc. 
Cronbach’s alpha of the total Thai-mJOA showed excellent internal consistency (0.991). The intraclass correlation 
coefficient (ICC) for test-retest reliability was 0.981 (95% confidence interval [CI]: 0.972-0.988). Regarding concurrent 
validity, the motor dysfunction score of the lower extremities and the total score of the Thai-mJOA were strongly 
correlated with Nurick Grading (r=0.825, r=0.712, respectively). The total score of the Thai-mJOA was moderately 
correlated with the Thai-NDI (r=0.670).
Conclusion: The Thai-mJOA was found to be a valid and reliable tool for evaluating symptom severity in Thai 
patients with cervical spondylosis with myelopathy.
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INTRODUCTION
	 Cervical spondylosis with myelopathy (CSM) is one 
of the most common progressive spinal degenerative 
conditions in elderly patients, and the neurological 
symptoms of CSM include neck pain, weakness, and 
numbness of extremities, and gait dysfunction.1 Functional 
disability plays a key role in the treatment decision-making 

process. Surgery is not superior to conservative treatment 
in patients with mild symptoms. Law, et al. previously 
described several poor prognostic factors that they found 
to be associated with conservative treatment, including 
progression of symptoms, presence of myelopathy for 
more than six months, a compression ratio approaching 
0.4, and transverse area of the cord <40 mm.2  However, 
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these factors include the imaging of the spine, which 
may not be applicable in some settings.
	 Currently, the most commonly utilized scales for 
evaluating the severity of symptoms are Nurick grading,3  
the Neck Disability Index (NDI),4 and the modified 
Japanese Orthopaedic Association (mJOA) scale.5 The 
mJOA scale is multidimensional, and it is used to separately 
assess the function of upper and lower extremities and 
bladder function in CSM patients. The mJOA has been 
widely used to standardize the clinical assessment of 
CSM.6  
	 The mJOA has been translated into several languages, 
including Italian7, Brazilian-Portuguese8, and Dutch.9 

This study aimed to translate and adapt the mJOA to 
the Thai language, and to determine its reliability and 
validity among Thai patients with CSM.

MATERIALS AND METHODS
Questionnaire
           The mJOA scale was designed to assess micturition 
and motor function and sensation of the extremities in 
patients with CSM. The mJOA has an 18-point scale 
that consists of motor dysfunction of upper extremities 
(5 points), motor dysfunction of lower extremities  
(7 points), sensory dysfunction of upper extremities  
(3 points), and sphincter dysfunction (3 points). A score of 
18 shows no neurological deficits, whereas an increasingly 
lower score represents an increasingly greater severity 
of functional impairment and disability.
	 The mJOA was translated into the Thai language 
according to linguistic validation guidelines using a forward-
backward translation protocol to create the Thai-mJOA. 
This process involved independent translation of the 
mJOA from English to Thai by both a professional English 
translator and a bilingual physician. The two independent 
translations were then discussed and combined into a 
consensus version. The backward translation from Thai 
to English was performed by a native English speaker 
who is a professional translator of the Thai language 
to the English language. The English translation was 
then compared to the original mJOA questionnaire and 
checked for mistranslation and misunderstanding.

Participants 
	 This study was approved by the Siriraj Institutional 
Review Board (SIRB) of the Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok, Thailand [COA 
no. 328/2016(EC1)], and written informed consent was 
obtained from all participants. Enrolled patients were 
prospectively recruited from the in-hospital spinal 
surgery unit at Siriraj Hospital during December 2016 

to November 2019. During this period, 92 patients with 
CSM that were scheduled for surgical treatment were 
enrolled. All patients were assessed using the Thai-
mJOA, Nurick grading, and the Thai-NDI4 on the day 
of admission, and once again 72 hours after surgery.

Outcome measurement
	 To assess test-retest reliability, all patients were asked 
to complete the Thai-mJOA on the day of admission 
before surgery, and then once again 3 days after surgery. 
Test-retest reliability was determined using intraclass 
correlation coefficient (ICC). Reliability was determined 
by calculating Cronbach’s alpha. Internal consistency 
estimates of >0.70 were considered acceptable for group 
comparisons.10 
	 Concurrent validity was evaluated by comparing the 
Thai-mJOA with the Nurick grading scale and the Thai-
NDI. Validity was determined by calculating Spearman’s 
correlation coefficient. Correlation coefficients of 0.1 to 
0.3 were considered weak; 0.3 to 0.6, moderate; and >0.6, 
strong. All statistical analyses were performed using 
SPSS v.18.0.

RESULTS
	 Ninety-two patients were enrolled in this study, 
and most subjects were male (63.04%). Approximately 
one-third of patients each had 1, 2, and 3 levels of cervical 
spinal cord compression (34.4% had 1 level, 31.1% had 2 
levels, and 31.1% had 3 levels). Demographic and clinical 
data of patients, including scoring of the Thai-mJOA, 
the Nurick grading scale, and the Thai-NDI, are shown 
in Table 1.
	 The Cronbach’s alpha values were acceptable for 
all domains of the Thai-mJOA, as follows: 0.991 for the 
total score, 0.990 for Motor dysfunction score of the 
upper extremities, 0.997 for Motor dysfunction score 
of the lower extremities, 0.945 for Sensory dysfunction 
score of the upper extremities, and 0.977 for Sphincter 
dysfunction score. For the test-retest evaluation, the ICC’s 
were 0.981 (95% confidence interval [CI]: 0.972-0.988) for 
the total score, 0.98 (95% CI: 0.97-0.987) for the Motor 
dysfunction score of the upper extremities, 0.995 (95% 
CI: 0.992-0.997) for the Motor dysfunction score of the 
lower extremities, 0.896 (95% CI: 0.847-0.930) for the 
Sensory dysfunction score of the upper extremities, and 
0.955 (95% CI: 0.933-0.97) for the Sphincter dysfunction 
score. These ICC values indicate good repeatability for 
each domain. Details of ICC and test-retest results are 
shown in Table 2. We also reported the Cronbach’s 
alpha values and ICCs of a previous study compared to 
our values from the present study in Table 4.
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TABLE 1. Demographic and clinical characteristics of the study population.	

TABLE 2. Reliability of the Thai-mJOA scale (N=92).	

Characteristics	 (N = 92)

Gender	

	 Male	 58 (63.04%)

	 Female	 34 (36.96%)

Number of neurological compression levels	

	 1	 31 (34.4%)

	 2	 28 (31.1%)

	 3	 28 (31.1%)

	 4	 3 (3.3%)

Level of neurological compression	

	 C2-C3	 1 (1.1%)

	 C3-C4	 37 (41.6%)

	 C4-C5	 55 (61.8)

	 C5-C6	 63 (70.8)

	 C6-C7	 24 (27%)

	 C7-T1	 0 (0.0%)

Thai-mJOA score	 11.9±3.5 (4-18)

Nurick grading score	 2.8±1.2 (0-5)

Thai-NDI score	 37.7±17.4 (2-78)

Data presented as number and percentage or mean ± standard deviation (range)
Abbreviations: C = cervical; T = thoracic; Thai-mJOA = Thai version of the modified Japanese Orthopaedic Association; Thai-NDI = Thai 
version of the Neck Disability Index

Scoring parameters	 Cronbach’s	 Test-retest	 Floor	 Ceiling
		  alpha	 ICC (95% CI)	

Thai-mJOA scale				  

Total	 0.991	 0.981 (0.972-0.988)	 0.0%	 5.4%

Motor dysfunction score of the upper extremities	 0.990	 0.980 (0.970-0.987)	 0.0%	 38.0%

Motor dysfunction score of the lower extremities	 0.997	 0.995 (0.992-0.997)	 1.1%	 17.4%

Sensory dysfunction score of the upper extremities	 0.945	 0.896 (0.847-0.930)	 1.1%	 14.1%

Sphincter dysfunction score	 0.977	 0.955 (0.933-0.970)	 4.3%	 73.9%

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; Thai-mJOA scale, Thai version of the modified Japanese 
Orthopaedic Association scale
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TABLE 3. Correlation coefficients between Thai-mJOA score and Nurick grading score and the Thai NDI score as 
determined by Spearman’s correlation coefficient.

				                                           Thai-mJOA scale
			   Motor 	 Motor	 Sensory
	 Scoring system	 Total	 dysfunction	 dysfunction	 dysfunction	 Sphincter
		  score	 score of	 score of	 score of	 dysfunction
			   the upper	 the lower	 the upper	 score
			   extremities	 extremities	 extremities

Nurick grading	 -0.712	 -0.404	 -0.825	 -0.273	 -0.348

Thai-NDI	 -0.670	 -0.574	 -0.570	 -0.371	 -0.325

TABLE 4. Cronbach’s alpha values and test-retest ICC of present study and previous study.	

 	  		  Longo, et al. 	 The present 

			   (2016)7 	 study

	                                                Language		  Italian	 Thai

	                                         Number of patients	 	 75	 92

		  Total Score	 0.6	 0.991

	 	 Motor dysfunction score	 0.45	 0.99

	 	 of the upper extremities

	 Cronbach's alpha	 Motor dysfunction score	 0.54	 0.997

	 	 of the lower extremities

	 	 Sensory dysfunction score	 0.58	 0.945

	 	 of the upper extremities

	 	 Sphincter dysfunction score	 0.6	 0.977

		  Total score	 0.91 	 0.981         	

				    (0.972-0.988) 

	 	 Motor dysfunction score	 0.892	 0.980             

	 	 of the upper extremities 	 	 (0.970-0.987)

	 Test-retest ICC	 Motor dysfunction score	 0.929	 0.995                  

	 (95% CI)	 of the lower extremities 	 	 (0.992-0.997)

	 	 Sensory dysfunction score	 0.924	 0.896                  

	 	 of the upper extremities 	 	 (0.847-0.930)

	 	 Sphincter dysfunction score	 0.93	 0.955 

               				    (0.933-0.970)

Abbreviations: Thai-mJOA = Thai version of the modified Japanese Orthopaedic Association; Thai-NDI = Thai version of the Neck Disability 
Index

Abbreviations: ICC = intraclass correlation coefficient; CI = confidence interval
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	 Concurrent validity of the Thai-mJOA compared 
to Nurick grading and the Thai-NDI is described in  
Table 3. The most strongly correlated domains were 
Nurick grading with the Motor dysfunction score of the 
lower extremities of the Thai-mJOA (-0.825), and Nurick 
grading with the total score of the Thai-mJOA (-0.712). 
The Thai-NDI was also shown to be strongly correlated 
with the total score of the Thai-mJOA (-0.670). 
	 A Bland-Altman plot showing the difference between 
the pre-operative mJOA and post-operative mJOA plotted 
against the mean of the two scores is shown in Fig 1. 
The arithmetic mean difference between the two score 
(the bias) was 0.1648 (95% CI: -0.01191 to 0.3178). The 
upper and lower limits of agreement were 1.6041 and 
-1.2744, respectively.

DISCUSSION
	 In the present study, the modified Japanese Orthopaedic 
Association scale was translated into Thai language using 
a forward-backward translation protocol to create the 
Thai-mJOA. The results showed good reliability and 
validity of the Thai-SSS questionnaire, which correlated 
with both the Nurick grading scale and the Thai-NDI. 
	 The Cronbach’s alpha of total score and each domain 
ranged from 0.945-0.997, which demonstrate excellent 
internal consistency, and these values are consistent 
with the Cronbach’s alpha values (range: 0.813-0.826) 
previously reported by Yonenobu, et al.11 We also found 
that the Thai-mJOA has excellent reliability. The ICCs 

for test-reliability for all domains ranged from 0.896 to 
0.995, which also agreed with the previous findings of 
Yonenobu, et al.11 Our analysis for concurrent validity 
revealed a significant strongly negative correlation 
between the Nurick grading scale and the total score 
of Thai-mJOA, and with the Motor dysfunction score 
of the lower extremities domain of the Thai-mJOA  
(Spearman’s correlation coefficient: -0.712 and -0.825, 
respectively). The Thai-NDI was also found to be strongly 
negatively correlated with the total score of the Thai-mJOA 
(Spearman’s correlation coefficient: -0.67). These findings 
resulted from differences in interpretation between the 
Thai-mJOA and the Nurick grading scale, and between 
the Thai-mJOA and the Thai-NDI. More specifically, 
severe functional disability is indicated by a lower score 
on the Thai-mJOA, but by a higher score on the Nurick 
grading scale and the Thai-NDI.

CONCLUSION
	 The original modified Japanese Orthopaedic Association 
scale was successfully translated to Thai language to create 
the Thai-mJOA. The Thai-mJOA was found to be a valid 
and reliable tool for evaluating symptom severity in Thai 
patients with cervical spondylosis with myelopathy.
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Is Online Assessment in Higher Education 
Institutions during COVID-19 Pandemic Reliable?

ABSTRACT
	 The online learning helps to minimise disruptions on teaching and compromising students’ learning outcomes; 
however, there is limited evidence on effective online assessment methods used at Higher Education Institutions 
during pandemics. This paper aimed to summarise online assessment methods and recommend reliable as well 
as practical approaches used at HEIs during COVID-19 pandemic. We performed a scoping literature review to 
identify original papers, reviews and reports that examined the online assessment methods used in higher education 
before and during COVID-19 pandemic. We identified common themes in data analysis.  The psychometric theory 
is useful when designing valid and reliable online assessment methods for online learning, particularly in medical 
education. The typical online assessment methods used at HEIs include online quizzes, continuous feedback, 
multiple-choice questions and automated assessment for essays. The online tools for formative assessment in higher 
education include feedback, self-test quiz and discussion forums. The critical strategies recommended managing 
online examination involve setting up online questions using freely available software and utilising free video 
conferencing tool as CCTV on mobile phones for invigilation purposes. Educators must consider readiness among 
students and teachers, cheating practices and student diversity when employing online assessment at HEIs.  They 
can benefit from training for online learning and the assessment methods to prepare them better when facing global 
uncertainties such as COVID-19 pandemic. Furthermore, educators must evaluate the methods and their impact 
on students’ learning outcomes.
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INTRODUCTION
	 COVID-19 was declared a Public Health Emergency of 
International Concern by the World Health Organisation 
on 30 January 2020 following an outbreak in Wuhan China 
in December 2019. It has high global risk assessment level 
and has spread to 213 countries globally.1 In response to 
COVID-19 pandemic, most governments worldwide have 
provisionally closed educational institutions, and about 
91% of the world’s student population is greatly affected. 

Distance learning (DL) may able to assist student learning 
as well as support parents, teachers, schools and school 
administrators. Also, it offers social care and establishing 
communication during periods of school closure.2 It has 
also greatly affected higher education institutions (HEIs) 
all around the world. The specific guidance for higher 
education (colleges and universities) during COVID-19 
pandemic include planning for digital learning (DL) and 
temporary dismissal or school closure.3    
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	 The typical methods of DL used include blended learning 
(BL),4,5  live teaching,6 flipped classroom (flipped virtual 
classroom), online practice questions, video conference, 
teleconference and telehealth.7 BL refers to a combination 
of two instruction modes which are e-learning and didactic 
(face-to-face) teaching.4,5 Live teaching is the delivery of 
live teaching via online platforms and widely used as an 
alternative solution for classes cancellations of ‘in-person’ 
lectures in universities and colleges.6 Flipped or inverted 
classroom refers to when traditional in-class lectures 
and homework exercises are reversed8 with four core 
aspects as such pre-class preparation, in-class activities, 
after-class activities and assessment of student learning. 
The HEIs have encountered a significant challenge to 
move forward in teaching and learning activities with 
minimal disruptions during the pandemic. Although, 
many HEIs have closed down the institutions for a specific 
time, others have transitioned to online teaching using 
technology that is freely available to compromise the 
students’ learning and their learning outcomes minimally. 
It is a great challenge to manage assessment at a distance 
for HEIs. The paper aimed to summarise online assessment 
methods and recommend reliable as well as practical 
approaches used at HEIs during COVID-19 pandemic. 
It also examined the advantages and disadvantages of 
online assessment methods in teaching and learning.

Methods of scoping review
	 We employed a scoping literature review to identify 
original papers, review and reports that examined the 
online assessment methods used in higher education 
before and during COVID-19 pandemic. The key search 
terms used include an online assessment, COVID-19, 
online tests, online examination, concept and other 
relevant terms, specifically in a higher education context. 
We used Google Scholar and Pub Med search engines 
focussing on articles published since the year 2000 and 
identified common themes during data analysis.

Concepts and frameworks for online assessment
	 The online and blended learning in higher education 
confronted educators with several critical issues related to 
teaching, learning and assessment in an unconventional 
environment. One of the critical issues is the validity and 
reliability of assessment using online platforms that met 
the intended purposes.9 The online assessment allows the 
delivery of constant and real-time feedback that can be 
given at a time and place appropriate for both the student 
or the educator.10 Educators must consider fundamental 
concepts of assessment in online learning specifically 
for medical education that include theories of expertise 

development and psychometric as well as an assessment 
framework for learning. The expertise development theory 
states that the progression from novice to expert showing 
improvement in the ability to integrate basic facts derives 
from semantic networks to illness scripts and instance 
scripts into complex concepts. The processes enable 
the expert to promptly recognise the problem, develop 
a precise interpretation of the problem and formulate 
efficient problem-solving approaches. Psychometric 
theories emphasis on the validity of the assessment, offer 
reliable measurement, and reproducible outcomes. The 
questions can be translated into scores and eventually used 
to make inferences about the construct of interest.11 A 
framework employed for online assessment in emergency 
remote teaching during COVID-19 pandemic highlighted 
nine guidelines that are highly significant to health 
professions education. The guidelines include ensuring 
alignment of assessment activities with learning objectives, 
considering the diversity of students’ circumstances, 
utilising formative and summative assessments, and 
stimulating student learning with online assessment. 
Other components are to consider the format of online 
assessment, ascertain clear communication to students 
regarding assessment matters, ensure high-quality feedback, 
and address assessment validity threats.12 There are 
ten principles of best-practice online assessment that 
comprise of: longitudinal reflection where educators 
use online formative assessment to improve teaching 
practice and learning tasks; higher-quality feedback; using 
readymade tools (such as rubrics or assessment standards) 
as performance criteria for online assessment tasks; 
technology-enabled authentic learning that encourages 
students to have real-life value when attempting online 
assessment tasks; and enhanced collaboration require 
discussion and collaboration among students.13  

Evidence-based strategies of online assessment
	 The evidence-based strategies for online assessment 
in HEIs include online quizzes,14 continuous feedback,10 

multiple-choice questions,10,15 simulated clinical skills,10 

clinical examinations or viva-voce using real-time 
communication technology (such as skype, zoom)10,15 
and automated assessment for essays.14,15 The online quiz 
is a method to assess the knowledge that promotes self-
directed learning and may improve the effectiveness of 
teaching.14 The closed-answer type questions (multiple-
choice questions) can assess essential knowledge and often 
used for online educational tool and assessment.10,15 For 
viva-voce or actual clinical examinations conducted over 
online (via skype or zoom) would enable the assessor to 
observe and interact from a distance location, thus may 

Tuah et al.



Volume 73, No.1: 2021 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 63

Review Article SMJ
reduce costs (such as accommodation, travel and subsistence 
for both examiner and student) and eliminate difficulties 
of traditional clinical assessments (e.g. examination halls 
and printed paper) in medical education.10 Arguably, 
essays are the most effective tool to evaluate learning 
outcomes that indicate learner aptitude to recall, organise 
and integrate viewpoints in the form of written work. 
The essay questions can assess learning outcomes that 
relate to the evaluation and synthesis levels of Bloom’s 
(1956) taxonomy.  Therefore, automated assessment 
for essays arguably offers a reliable scoring method 
that can be costly and time savings. The methods of 
automated assessment of free-text answers include Project 
Essay Grade (PEG), Intelligent Essay Assessor (IEA), 
Educational Testing service I, Electronic Essay Rater 
(E-Rater), C-Rater, BETSY, Intelligent Essay Marking 
System, SEAR, Paperless School free text Marking Engine 
and Automark. The main problems encountered in 
automated essay grading are lacking standard to calibrate 
human marks and ambiguous set of rules for selecting 
master texts.16 
	 Meanwhile, the online tools for formative assessment 
in higher education include self-test quiz tools, discussion 
forums and e-portfolios. The critical characteristics of 
practical online formative assessment are the establishment 
of a learner and assessment centred focus through formative 
feedback and enhanced learner engagement with valuable 
learning experiences. The validity and reliability of an 
online formative assessment include ongoing accurate 
assessment activities and interactive formative feedback.9 
	 The advantages of online assessment include costs 
saving (such as for printing costs, examination spaces, 
travel) and use of freely available online tools, e.g. 
SurveyMonkey, Google Form, HubSpot Forms, CANVAS 
free for teachers17 and educational software products. 
Meanwhile, the disadvantages of online assessment 
include software costs to develop educational content and 
supporting infrastructure, for example, internet servers, 
data storage, computer-aided learning rooms.10,18 Other 
problems of online assessment are unreliable systems (due 
to poor network connectivity, hardware, software, power 
supply), lack of online and physical security systems to 
safeguard assessments and cheating.10 
	 Studies showed the benefits of using online assessments 
are reduction of paper usage, decreased concerns over 
the security of transporting test papers, flexible time and 
venue, continuous feedback and random selection and 
reproducibility of exam questions.19,20 The value of online 
formative assessment tools includes enhancement of learner 
engagement and the creation of a learning community.9 
In contrast, some studies argued that online assessments 

have negative impacts, mainly psychological stress to 
both teachers and students due to rigid technological 
settings, reduced personalised engagement with faculty19 

and negatively influence student’s grades.20,21 The factors 
that may influence students’ scores and grades for online 
assessment involve the comparability of identical tests 
taken in different formats, students’ level of preparedness 
for the mode of test and the quality of the test,22 slow 
logins to test, delayed loading of a test,  and inexperienced 
teachers.21,23 The aspects that may increase acceptance 
for online assessments among students are students’ 
accustomed to the format, high students’ confidence 
in the system,24 use of online formative assessments 
for practice before in-class tests25 and technological 
adoptions.21,26 Recent study highlighted that students 
did not understand the necessity for online assessments 
due to technological incompetence of students and 
teachers,  mistrust in the technology infrastructure and 
significant reliance on multiple-choice questions format. 
The students preferred online assessments that provide 
constructive, timely and personalised feedback, as well as 
a gradual transition towards online assessments together 
with technical training for both students and faculty. 
They also required active individualised interaction 
with instructors to incorporate online assessments into 
higher education21 effectively. 

Online examination 
	 Before educators decide to go for online examination, 
they may consider other alternative assessment options 
such as assignments, writing reports (that require 
students to choose different titles and different settings 
from classroom exercises), or open-book examination. 
Evidence shows that assessment by coursework alone 
or by blending coursework and examinations tends to 
produce higher marks than assessment by examinations 
alone.27 The courses that need alternative assessment poses 
several challenges when higher-level learning objectives 
(based on levels of revised Bloom’s Taxonomy such as 
apply, analyse, evaluate and create).28 These methods 
require more time reading the write-up and checking for 
plagiarism, and also there is subjectivity issue in marking 
and grading those materials. Potential problems with 
coursework assessment include collusion, plagiarism and 
personation (in particular ‘contract cheating’ through 
the use of tailored essays).27  Educators may use online 
plagiarism checking platform,29  which are freely available 
at present, such as DupliChecker and Grammarly. Also, 
educators must recognise that there were differences 
between sciences and arts-type subjects which indicate 
distinctive assessment practices.30  
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	 Nonetheless, educators have increasingly utilised 
assessment by coursework that may less likely cause 
possible risks to academic standards,27  and students prefer 
them highly for online distance learning.31 Educators are 
required to assess lower-order learning objectives (e.g. 
remember and understand) in some courses.28 Some 
educators in many HEIs may have made fewer efforts 
to assess lower-order learning objectives in the current 
situation of COVID-19 outbreak and rapid transition 
from traditional to online learning. These circumstances 
could lead to some degree of compromise in assessing 
intended learning outcomes. On the other hand, the 

primary challenge for online examination is to prevent 
or control potential cheating among students. Table 1 
shows a comparison between online and traditional 
assessment, while we present a summary of formative 
and summative of online assessment methods in Table 2. 
We use online free software for teaching and learning 
in the courses. The two key strategies recommended to 
manage online examination are 1) set up online questions 
using free software, and 2) use a free video-conferencing 
tool as closed-circuit television (CCTV) through the 
candidates’ mobile phones for invigilation purposes. 

TABLE 1. Comparison between online and traditional assessment.

      Items	                 Online assessment	           Traditional assessment

Benefits	 Allows delivery of constant and real-time	 Assessment by coursework alone or by 

	 feedback that can be given at a time and 	 blending coursework and examinations

	 place appropriate for both the student or 	 tends to produce higher marks than

	 the educator 	 assessment by examinations alone 

Concept & Framework	 Online assessment in emergency remote 	 Theory of expertise development,

	 teaching framework, principles of 	 theory of psychometric and

	 best-practice online assessment	 assessment framework for learning

Methods	 •	 Online quizzes,	 •	 Multiple-choice questions

	 •	 Built-in continuous feedback,	 •	 Short-answer questions

	 •	 Multiple-choice questions,	 •	 Short essays

	 •	 Simulated clinical skills, 	 •	 Assignments

	 •	 Clinical examinations or viva-voce using 	 •	 Writing reports

		  real-time communication technology,	 •	 Open-book examination 

	 •	 Automated assessment for essays,  	 •	 Traditional paper feedback 

	 •	 True/false, fill in the blank, fill in multiple	 •	 Traditional paper grading and

 	 	 blanks, and essay question, 	 	 marking

	 •	 Speed grader	 •	 Checking plagiarism manually

	 •	 Plagiarism check software 	

Disadvantage	 Student perspectives:	 Student perspectives:

	 •	 Internet unavailability	 •	 Cost for paper and other logistics

	 •	 Internet instability	 •	 Slow feedback

	 •	 Unable to afford internet	 Faculty perspectives:

	 •	 Cost of internet/wifi	 •	 More time for grading

	 Faculty perspectives:	 •	 More time for checking plagiarism

	 •	 Require training	 •	 Logistics for invigilation

	 •	 Require motivation

	 •	 Require online platform

	 •	 Require technical support	
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TABLE 2. Summary of formative and summative online assessment methods.

	                           Formative	                         Summative

Individual	 •	 Online quizzes 	 •	 Multiple-choice questions

	 •	 Probing short questions to enhance	 •	 Short answer questions 

		  the study, 	 •	 Clinical examinations

	 •	 Interactive formative feedback immediate 	 •	 Viva-voce using communication 

	 	 automatic or built-in feedback	 	 technology (such as skype, zoom) 

	 •	 Simulated clinical skills 	 •	 Automated assessment for essays 

	 •	 Self-test quiz tools 

	 •	 Discussion forums

	 •	 E-portfolios 	

Group	 •	 Group online quizzes	 •	 Group community outreach project

	 •	 Group presentation and feedback	 	 online written report

	 	 	 •	 Group community outreach project 	 	

				    presentation

	 	 	 •	 Peer-assessment for group interaction

Setting up online questions
	 Teachers can use several free online tools,17  
SurveyMonkey, Google Form, HubSpot Forms, CANVAS32 

to set up online questions. Among all these free tools, we 
would like to recommend the following features available 
on CANVAS which are suitable for online examination:
	 Set up different types of exam questions such as  
	 multiple-choice, true/false, fill in the blank, fill in  
	 multiple blanks, multiple answers, multiple dropdowns,  
	 matching, numerical answers, formula question,  
	 essay question, and file upload questions. Some  
	 of these questions are suitable for lower-order  
	 learning objectives in online examination, and also  
	 for coursework assessment. 
	 Set up the questions to appear one question at a  
	 time that only allows candidates to see and attempt  
	 each question while moving forward when answering  
	 them. If we set one question at a time, there is  
	 an option available to lock each question so that  
	 the candidates cannot go back to previous questions  
	 and change their answers. 
	 For multiple-choice questions, there is a function  
	 to shuffle answers randomly that enable the sequence  
	 or order of answers to choose for each question to  
	 be different for each candidate.
	 For all question types, educators can set starting  
	 available time and date, end time and date, and  
	 duration for the examination. The timer is shown 	

	 on the screen while the candidate is attempting the  
	 examination.
	 For multiple-choice and true/false questions, set 	
	 correct answer so that CANVAS will automatically  
	 mark the questions at a set due date and time of  
	 examination. The candidate can see the marks  
	 immediately after the submission. Therefore, educators  
	 may have to set the option to hide the marks if they  
	 wish not to show the marks then.

Setting up a CCTV with a candidate mobile phone
	 Some free video conferencing software33 (such as 
Skype, Zoom, ezTalk and Webex) can be downloaded 
to the candidate’s mobile phone and used as CCTV for 
invigilation tool. The candidate’s mobile phone is placed 
about one meter away at right or left side, while the candidate 
is sitting facing a computer. The invigilator should be able 
to see the candidate’s computer screen, keyboard and 
the candidate from the side through the mobile phone 
during the examination time. The software (e.g. Webex, 
Skype, Zoom) also can record the entire duration of the 
examination; thus, it serves as additional deterrent to 
prevent cheating. Before the start of the examination, 
the invigilator can use the CCTV mobile phone to check 
candidate’s identity (ID card), and 360-degrees scan 
view of the room where the candidate is setting up for 
the examination. 
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Recommended measures for online examination
	 The following are recommended measures for the 
online examination that educators should consider: 
	 Use the mobile phone as CCTV to check pre-examination  
	 room set up for candidate’s laptop, table, chair and  
	 position. The set up is organised a day, preferably  
	 before the examination. It may take time to set the  
	 position of the mobile phone that enables invigilator  
	 to see clearly on areas mentioned above, and most  
	 often the area needs proper lighting.
	 Clear rules are given to the candidate in advance 
	 Mock online examination if the candidate is first- 
	 timer.
	 Short multiple examination sessions such as for  
	 2 hours session break it down into 30 minutes per  
	 session with a 10-minute break is given in between  
	 each session. Some free software (like Zoom, ezTalk)  
	 may impose usage limit of 40 minutes per session,  
	 and then the user must reconnect to the software.
	 Candidate must not wear earphone or headset.
	 During the examination, the candidate is only  
	 allowed to view the computer screen but not a mobile  
	 phone, and also not allowed to browse other web  
	 page or software. Invigilator monitors the candidate  
	 through the CCTV mobile phone.
	 Setting up rules, guidelines and backup plan if  
	 the internet is interrupted during the examination.  
	 Both educator and candidate must take some degree  
	 of responsibility to ensure proper internet connection,  
	 and stable streaming is available on site.  
	 Assign one invigilator to observe eight candidates  
	 via nine small screens on the computer monitor  
	 (screen).
	 Conduct few mock online examination sessions  
	 to be familiar with procedures, software and testing/ 
	 checking internet stability. Educators can take  
	 roles as invigilators and students during each mock  
	 examination.

Considerations for online assessment
Readiness
	 In the light of pandemic, institutional and educator 
readiness are essential requirements of the online assessment. 
Institutional readiness refers to institutional policies, 
resources and practices, for instance, internet coverage 
and availability of the IT support team.  Internet access 
is a critical infrastructure for online teaching. IT support 
team is an essential resource during the transition from 
traditional to online teaching in many HEIs.  Educator 
readiness refers to educator’s acceptance and ‘buy-in’ when 
changing to online teaching and learning that include 

taking up training for teaching methods, assessment 
and online applications.12,13 

Cheating practices
	 Evidence34-36 shows distinctive cheating practices 
during online examination such as impersonation, 
forbidden aids, peeking, peer collaboration, outside 
assistance and student–staff collusion.36 The common 
possible cheating practices during the mock online 
examination include screen sharing among candidates, 
using multiple monitors, using a mobile phone, using 
Bluetooth technology headset, impersonation, taking 
a screenshot and sending to friends, and traditional 
ways such as notes on their palms or attached notes to 
computer monitors. The various countermeasures for 
those cheating practices were using biometry, mingling, 
shuffling, random drawing, sequencing, broadcasting 
methods36 and physical screens parting candidates.10 We 
recommended affordable and straightforward ways to 
minimise possible cheating attempts among candidates 
in low resource settings. The strategies are to check the 
identity of the candidate, check examination room and 
setting, record both audio and video throughout the 
examination, and closely observe on candidate’s computer 
screen or monitor. Nonetheless, we recognise that there 
is no cheat-proof online and paper-based examinations. 
In the rapidly shifting situation of COVID-19 pandemic 
and uncertainties globally, educators in HEIs must explore 
the best approaches to curtail disruptions on students 
teaching and learning, and assessment.

Student diversity
	 There are various types of diversity existed among 
students in the context of online learning that include: 
socioeconomic status; access to devices; stability of internet 
connection; racial and cultural differences; learners with 
special education needs; and second-language English 
speakers. Therefore, educators must consider diversity 
when selecting online assessment methods. Some students 
may not have internet access and computers for web-based 
assessments, however able to use mobile for text-based 
collaborative tools (messaging, WhatsApp). Students 
with physical and learning impairments may use assistive 
devices. Students who have English as a second language 
may utilise technology tools with listening and speaking 
functions to accommodate diversity in the assessment.13,37 

CONCLUSION
	 Students and educators accept online learning 
during COVID-19 pandemic that considerably helps to 
lessen disruptions in teaching, learning and assessment. 
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This paper has highlighted online assessment methods 
and recommended reliable and practical approaches 
that educators can utilise for online learning at HEIs 
during COVID-19 pandemic. The psychometric theory 
offers a conceptual framework when designing valid and 
reliable online assessment methods for online learning, 
particularly in medical education. The typical online 
assessment methods used at HEIs include online quizzes, 
continuous feedback, multiple-choice questions, simulated 
clinical skills, clinical examinations or viva-voce using 
real-time communication technology and automated 
assessment for essays. The online tools for formative 
assessment in higher education include feedback, self-test 
quiz, discussion forums and e-portfolios. Educators must 
consider alternative online assessment and the potential 
problems before embarking on online examination in 
HEIs. The critical strategies recommended managing 
online examination involve setting up online questions 
using freely available software and utilising free video 
conferencing tool as CCTV on mobile phones for invigilation 
purposes. Educators must consider readiness among 
students and teachers, cheating practices and student 
diversity when employing online assessment at HEIs. 
The affordable and straightforward countermeasures 
for cheating practices among students in low resource 
settings during online examination include identification 
of candidate, scan examination room and setting through 
video conferencing tool and close observation of candidate’s 
computer screen or monitor.
	 In facing uncertainties of the global pandemic such 
as COVID-19, educators must familiarise with process, 
procedures and freely available technology for online 
learning and assessment. Also, educators must evaluate 
the methods and their impact on students’ learning 
outcomes.

ACKNOWLEDGEMENTS
	 We wish to acknowledge the Teaching and Learning 
Centre, Universiti Brunei Darussalam for offering various 
training on blended learning.  

REFERENCES
1. 	 World Health Organization. Coronavirus (COVID-19) Pandemic  
	 [Internet]. 2020 [cited 2020 Apr 19]. Available from: https:// 
	 www.who.int/emergencies/diseases/novel-coronavirus-2019
2. 	 UNESCO. COVID-19 Educational Disruption and Response  
	 [Internet]. 2020 [cited 2020 Apr 19]. Available from: https:// 
	 en.unesco.org/covid19/educationresponse
3. 	 Centers for Disease Control and Prevention. Coronavirus  
	 Disease 2019 (COVID-19). Colleges & Universities [Internet].  
	 2020 Mar [cited 2020 Apr 19]. Available from: https://www. 
	 cdc.gov/coronavirus/2019-ncov/community/colleges- 
	 universities/index.html

4.  	 Sajid MR, Laheji AF, Abothenain F, Salam Y, AlJayar D,  
	 Obeidat A. Can blended learning and the flipped classroom  
	 improve student learning and satisfaction in Saudi Arabia?  
	 Int J Med Educ 2016;7:281-5. 
5.  	 Kiviniemi MT. Effects of a blended learning approach on  
	 student outcomes in a graduate-level public health course.  
	 BMC Med Educ 2014;14:47. 
6. 	 Mian A, Khan S. Medical education during pandemics: a UK  
	 perspective. BMC Med 2020;18:100. 
7.  	 Chick RC, Clifton GT, Peace KM, Propper BW, Hale DF, Alseidi  
	 AA, et al. Using Technology to Maintain the Education of  
	 Residents During the COVID-19 Pandemic. J Surg Educ 2020; 
	 77:729-32.  
8.  	 Rotellar C, Cain J. Research, Perspectives, and Recommendations  
	 on Implementing the Flipped Classroom. Am J Pharm Educ  
	 2016;80:34. 
9.  	 Gikandi JW, Morrow D, Davis NE. Online formative assessment  
	 in higher education: A review of the literature. Comput Educ  
	 2011;57:2333-51. 
10. 	 Walsh K. Online assessment in medical education-current  
	 trends and future directions. Malawi Med J 2015;27:71-2.
11.  	 Schuwirth LWT, van der Vleuten CPM. General overview of  
	 the theories used in assessment: AMEE Guide No. 57. Med  
	 Teach 2011;33(10):783-97. 
12. 	 Rahim AFA. Guidelines for online assessment in emergency  
	 remote teaching during the COVID-19 pandemic. Education  
	 in Medicine Journal 2020;12:59-68. 
13. 	 Westhuizen D. Guidelines for online assessment for educators.  
	 British Columbia, Canada: Commonwealth of Learning; 2016. 
	 p.1-56. 
14. 	 Reed S, Shell R, Kassis K, Tartaglia K, Wallihan R, Smith K,  
	 et al. Applying adult learning practices in medical education.  
	 Curr Probl Pediatr Adolesc Health Care 2014;44(6):170-81. 
15. 	 Walsh K, Rafiq I, Hall R. Online educational tools developed  
	 by Heart improve the knowledge and skills of hospital doctors  
	 in cardiology. Postgrad Med J2007;83):502-3.  
16. 	 Valenti S, Neri F, Cucchiarelli A. An Overview of Current  
	 Research on Automated Essay Grading. J Inf Technol Educ  
	 Res [Internet]. 2003 [cited 2020 Sep 11];2(1):319–30. Available  
	 from: https://www.learntechlib.org/p/111481/
17.  	 Lally M. The 18 Best Free Survey Tools for Customer Feedback  
	 Drive (2020 Edition) [internet]. BLUELADZ. 2019 [cited 2020  
	 Jun 1]. Available from: https://www.bluleadz.com/blog/10- 
	 of-the-greatest-free-survey-tools-you-should-try 
18. 	 Sandars J. Cost-effective e-learning in medical education. In:  
	 Cost effectiveness in medical education. Radcliffe: Abingdon;  
	 2010. 
19. 	 Betlej P. E-examinations from student’s perspective – The  
	 future of knowledge evaluation. Stud Ekon 2013;152:9-22. 
20.  	 Spivey MF, McMillan JJ. Classroom Versus Online Assessment.  
	 J Educ Bus 2014;89:450-6.  
21.  	 Khan S, Khan RA. Online assessments: Exploring perspectives  
	 of university students. Educ Inf Technol 2019;24:661-77.  
22. 	 Gewertz C. Transition to online testing sparks concerns.  
	 [Internet]. 2013 [cited 2020 Sep 15]. Available from: https:// 
	 www.edweek.org/ew/articles/2013/10/30/10pencil_ep.h33. 
	 html.
23. 	 Ogletree A, Ogletree S, Allen B. Transition to Online Assessments:  
	 A Personal Perspective of Meeting Common Core State Standards  
	 in an Elementary School in Georgia. Ga Educ Res [Internet].  



Volume 73, No.1: 2021 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index68

	 2014;11(1 Article 7). Available from: http://digitalcommons. 
	 georgiasouthern.edu/gerjournal/vol11/iss1/7
24.  	 Marius Petrisor, Marius Marusteri, Dan Simpalean, Emilian  
	 Carasca, Dana Ghiga. Medical Students’ Acceptance of Online  
	 Assessment Systems. Acta Medica Marisiensis  2016;62:30-32. 
25. 	 Brown GA, Bice MR, Shaw BS, Shaw I. Online quizzes promote  
	 inconsistent improvements on in-class test performance in  
	 introductory anatomy and physiology. Adv Physiol Educ  
	 2015;39:63-66. 
26.  	 Kuriakose RB, Luwes N. Student Perceptions to the Use of  
	 Paperless Technology in Assessments–A Case Study Using  
	 Clickers. 2nd International Conference on Higher Education  
	 Advances, HEad’16, 21-23 June 2016, València Spain. Procedia- 
	 Social and Behavioral Sciences 2016;228:78-85. Available  
	 from:http://www.sciencedirect.com/science/article/pii/ 
	 S1877042816309387 
27. 	 Richardson JTE. Coursework versus examinations in end-of- 
	 module assessment: a literature review. Assessment & Evaluation  
	 in Higher Education 2015;40:439-55. Available from: http:// 
	 oro.open.ac.uk/40318/
28. 	 Armstrong P. Bloom’s Taxonomy [Internet]. Vanderbilt  
	 University. 2001 [cited 2020 Sep 12]. Available from: https:// 
	 cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/
29. 	 Gupta RP. Top 10 Free Online Plagiarism Checkers Tools in  
	 2017 [Internet]. 2017. Available from: https://yourstory.com/ 
	 mystory/f65e68ea8c-top-10-free-online-plagiarism-checkers- 
	 tools-in-2017
30.  	 Harland T, Wald N. The assessment arms race and the evolution  
	 of a university’s assessment practices. Assessment & Evaluation  
	 in Higher Education 2020, Ahead-of-Print, 1-13. Published  

	 online: 31 Mar 2020. Available from: https://doi.org/10.1080 
	 /02602938.2020.1745753 
31.  	 Turner J, Briggs G. To see or not to see? Comparing the  
	 effectiveness of examinations and end of module assessments  
	 in online distance learning. Assessment & Evaluation in Higher  
	 Education 2018;43:1048-60. 
32. 	 Instructure. CANVAS Free for Teachers [Internet]. 2020 [cited  
	 2020 Jun 1]. Available from: https://www.instructure.com/ 
	 canvas/try-canvas
33. 	 VOIP Review Org. The 11 Best Free Web Video Conferencing  
	 and Screenshare Apps of 2020 [Internet]. 2020 [cited 2020  
	 Apr 19]. Available from: https://www.voipreview.org/free- 
	 web-conferencing
34. 	 Kanchan R. 5 Clever Ways Students Cheat on Online Exams  
	 and How to Stop Them [Internet]. 2020 [cited 2020 Sep 11].  
	 Available from: https://blog.mettl.com/assessment-technology/ 
	 5-unique-ways-students-cheat-in-online-examination-and- 
	 how-to-prevent-it
35. 	 London M. 5 Ways to Cheat on Online Exams [Internet]. Inside  
	 Higher ED. 2017 [cited 2020 Sep 11]. Available from: https:// 
	 www.insidehighered.com/digital-learning/views/2017/09/20/ 
	 creative-ways-students-try-cheat-online-exams
36.  	 Chirumamilla A, Sindre G, Nguyen-Duc A. Cheating in e-exams  
	 and paper exams: the perceptions of engineering students and  
	 teachers in Norway. Assessment & Evaluation in Higher  
	 Education 2020;45:940-57. Available from: https://doi.org/ 
	 10.1080/02602938.2020.1719975 
37. 	 Boitshwarelo B, Reedy AK, Billany T. Envisioning the use of  
	 online tests in assessing twenty-first century learning: a literature  
	 review. Res Pract Technol Enhanc Learn 2017;12:16. 

Tuah et al.


	Siriraj Medical Journal Vol73, No1, Jan2021
	Editorial Board

	Original Article
	Knowledge, Risk Perception, Precautionary Behavior and Level of Worry towards the 2019 Coronavirus Disease (COVID-19) among Psychiatric Outpatients
	Outcomes of Percutaneous Drainage vs. Antibiotic Therapy Alone or Emergency Surgery in Periappendiceal Abscess
	The Impact of Glaucomatous Visual Field Defectson Speed and Eye Movements during Reading
	Relationship Between Vesicoureteral Reflux and Renal Scarring in Children with Urinary Tract Infection
	Correlation of Transient Elastography and Biliary Cirrhosis in Longterm Survivors of Biliary Atresia
	Parental Stress-Coping Skills and Resilience among Parents of Children with Specific Learning Disorders
	Life Assets and Substance Use of High School Students in Songkhla
	Reliability and Validity of the Thai Version of the Modified Japanese Orthopaedic Association Score(mJOA score)

	Review Article
	Is Online Assessment in Higher Education Institutions during COVID-19 Pandemic Reliable?




