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An Assessment of the Validity and Reliability of the 
Social-Media Addiction Screening Scale (S-MASS)

ABSTRACT
Objective: The excessive use of social media can lead to addiction among many vulnerable individuals. Hence, the 
utilization of a valid and reliable screening test to assess social media addiction is warranted.
Materials and Methods: The Social-Media Addiction Screening Scale (S-MASS) is a newly developed, self-report 
screening scale containing 16 items that assess the three main components of behavioral addiction: giving priority, 
impaired control, and negative consequences. The S-MASS reliability was measured using Cronbach’s alpha. An 
exploratory factor analysis (EFA) and a confirmatory factor analysis (CFA) were employed to assess the S-MASS 
factorial validity. A latent profile analysis (LPA) was also carried out to identify the classes of problematic social 
media users.
Results: In all, 5,068 participants aged ≥ 13 years were recruited from five high schools and an online survey. 
Cronbach’s alpha for the S-MASS was 0.90 (95% CI: 0.89–0.90), indicating excellent test reliability. The EFA and 
CFA revealed a good factorial validity for the S-MASS. Based on the LPA, the participants were classed as “low-
risk” (n = 1,227; 24.2%), “moderate-risk” (n = 2,757; 54.4%), and “high-risk” (n = 1,084; 21.4%) problematic social 
media users. The key differences between these classes were gender, age, necessity to use social media for work, 
self-perception of addiction, and time spent on social media.
Conclusion: The S-MASS is a valid and reliable screening scale for social media addiction. The criterion validity 
of the S-MASS should be evaluated once formal diagnostic criteria for social media addiction become available.
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INTRODUCTION
	 In recent years, there has been a dramatic increase 
in the use of social media, defined as forms of electronic 
communication through which users create online 
communities to share various types of contents. Using 
social media has become an essential part of the daily 
routines of many people. On average, people spend 2 
hours 24 minutes daily on social networks, excluding 
other internet usage.1 People are spending increasing 
amount of time gaining the benefits from the platforms 
while being exposed to the risks they bring.

	 Growing evidence suggests problematic social media 
use or social media addiction (SMA) can cause negative 
effects to vulnerable individuals similarly to those found 
in other behavioral addictions.2-4 SMA is associated with 
several mental health conditions, including attention deficit 
hyperactivity disorder (ADHD), obsessive compulsive 
disorder (OCD), depression, and anxiety.5-7 Hence, early 
SMA detection and intervention in people with SMA-
especially those with comorbid psychiatric disorders-
would yield improved patient outcomes. 
	 To date, social media addiction has not yet been 
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established as an official clinical diagnosis in DSM guidelines 
or ICD-11. Neither its clinical definition has arrived at a 
consensus.2 The term is also used widely in non-clinical 
contexts.8 However, its operational definition in clinical 
study is often derived from Griffith’s six core components 
of behavioral addiction: salience, mood modification, 
tolerance, withdrawal symptoms, conflict, and relapse.2,5 

	 ICD-11 also describes three key features of disorders 
due to addictive behaviors as 1) impaired control, a 
persistent pattern of repetitive behavior in which the 
individual exhibits impaired control over the behavior; 
2) increasing priority, given to the behavior to the extent 
that it takes precedence over other life interests and daily 
activities; and 3) negative consequences, continuation, or 
escalation of the behavior despite negative consequences.9 

This research operationalized social media addiction using 
ICD-11 essential features of disorder due to addictive 
behaviors for the benefit of clinical relevancy.
	 The integration of factors is the likely explanation of 
social media addiction: dispositional, sociocultural and 
reinforcing behavior factors.2 Neurological and personality 
factors are example of dispositional explanation. From 
neurological point of view, both chemical and behavioral 
addiction is explained through brain’s reward systems.2,10 
While personality factors often refer to the big-five 
personalities and their correlations with social media 
addiction.2,11 Sociocultural perspectives posit that certain 
family dynamics such as parental pressure influences 
SMA.2,12 However, more research is yet to be done. Lastly, 
SMA is also explained through some learning theories 
such as operant conditioning, classical conditioning, 
and social learning.2,12,13 For instance, positive outcomes 
from using social media, namely, entertainment and 
attention, are positive reinforcements that influence the 
same behavior (using social media) to be more likely to 
repeat.
	 Many previously validated SMA measurement tools 
(except for the Bergen Social Media Addiction Scale) 
were developed using small, homogeneous, and narrow 
age-range samples, which mostly comprised adolescents 
or young adults.5,14-24,25-28,29-33 Moreover, approximately 
half of the tools were specifically designed for Facebook 
addiction, rather than SMA generally, and many lack a 
comprehensive factor-structure assessment (Table 1). 
In addition, only a few used standard statistical analyses 
to identify appropriate cut-off scores to differentiate 
problematic from normal social media use. Therefore, 
there is the need for a measurement tool that is applicable 
to social media use in general, which has been validated 
with a larger sample size and more-standardized analytical 
methods.

	 The aim of this study was to develop a new screening 
scale for the assessment of SMA-namely, the Social-Media 
Addiction Screening Scale (S-MASS). The authors based 
the development of the S-MASS on the operational 
definition of behavioral addiction by ICD-11, for the 
purpose of clinical diagnosis relevancy. The authors set 
out to comprehensively explore the reliability and validity 
of the S-MASS, based on a large-scale and heterogeneous 
sample with a wide age range, and to find an appropriate 
cut-off point to identify high-risk problematic social 
media users. Once the psychometric properties of this 
new screening instrument are established, S-MASS will 
be another useful tool for epidemiological and clinical 
studies of SMA.

MATERIALS AND METHODS
Participants
	 Participants were included if they were at least 
13 years old, which is the minimum age required to 
register for most social networking sites. Participants 
needed to have used social media for at least 3 months 
preceding the study. Participants were randomly recruited 
from 2 sources: 1) five high schools in Bangkok; and 
2) an online survey posted on the Facebook fan page 
of the Division of Child and Adolescent Psychiatry, 
Department of Psychiatry, Faculty of Medicine Siriraj 
Hospital, Mahidol University. Over a six-month study 
period, 5,437 participants were recruited. 369 participants 
were excluded due to incomplete S-MASS data. 

Measures and Procedure
	 The S-MASS is a newly developed, 16-item, self-report 
questionnaire to assess the severity of SMA. The initial 
item pool was generated by the principal investigator. The 
final items were selected and reduced by the consensus 
of all investigators. The development of the S-MASS 
was theoretically based on three key features of ICD-11 
behavioral addictions. Items in each domain were derived 
from the 9 criteria for Internet Gaming Disorder (IGD) 
that are outlined in the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5)34, including preoccupation, 
withdrawal, tolerance, unsuccessful attempts to control, 
loss of interests, continued excessive use, deception, 
escape, and jeopardized function. The jeopardized function 
was extended beyond previously validated tools by also 
asking about disturbed functions in areas of life other 
than relationships. An item having to do with deceitful 
behavior was omitted from the final pool of items due 
to it having the least sensitivity among all criteria.35 
	 A content validation process was then performed. 
All 16 S-MASS items were examined for their relevance, 
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TABLE 1. Comparison among measurements developed to assess social media addiction.

Year	 Name of measurement	 Country	 No. of items	 No. of 	 Participants	 Age, years	 Cronbach’s alpha

	 	 	 	 participants	 	 mean ± SD (range)	 coefficient

2010	 Addictive Tendencies Scale (ATS)14  	 Australia	 3	 201	 College students	  19.1 ± 1.9 (17–24)	 0.76

2011	 Facebook Intrusion  	 Australia	 8	 342	 Undergraduate	 19.8 ± 1.8 (18–25)	 0.85

	 Questionnaire (FIQ)15				    students

2012	 Bergen Facebook Addiction  	 Norway	 6	 423	 College students	 22.0 ± 4.0 (N/A)	 0.83

	 Scale (BFAS)16		  18 (original)	

2012	 Social Networking Website 	 USA	 5	 194	 College students	 –	 0.86

	 Addiction Scale (SNWAS)17  

2013	 Facebook Dependence  	 Peru	 8	 418	 College students	 20.1 ± 2.5 (N/A)	 0.67

	 Questionnaire (FDQ)18

2013	 Facebook Addiction Scale (FAS)19	 Turkey	 8	 447	 College students	 21.6 ± 1.9 (18–30)	 0.86

2013	 Addictive Tendencies Toward 	 China	 20	 316	 Adults	 26.6 ± 4.4 (18–40)	 0.92

	 Social Networking Sites20

2015	 Arabic Social Media Addiction 	 Kuwait	 14	 1,327	 Undergraduate	 21.9 ± N/A (18–31)	 0.61–0.75

	 Scale (SMAS)21				    students

2015	 Bergen Facebook Addiction Scale 	 Thailand	 6	 874	 High school students 	 16.7 ± 1.0 (N/A)	 0.91

	  – Thai Version (Thai-BFAS)22				    (10th–12th grade)	

2016	 Facebook Addiction Test 	 Germany and	 7 (short)	 1,019	 Online survey	 27.5 ± 9.1 (N/A)	 0.92 (long)

	 (F-AT)23 	 Austria	 20 (long)

2016	 Social Media Disorder (SMD) 	 Netherlands	 9 (short)	 2,198	 Online survey	 14.05 ± 2.1 (10–17)	 0.76 (short)

	 Scale24 	 27 (long)				    14.36 ± 2.2 (10–17)	 0.90–0.92 (long)

2016	 Bergen Social Media Addiction	 Norway	 6	 23,533	 Online survey 	 35.8 ± 13.3 (16–88)	 0.88

	 Scale (BSMAS)5 	 Hungary	 6	 5,961	  High school students	 16.62 ± 0.96 (15–22) 	 0.85

					     (9th–10th grade)		
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TABLE 1. Comparison among measurements developed to assess social media addiction. (Continued)

Year	 Name of measurement	 Country	 No. of items	 No. of 	 Participants	 Age, years	 Cronbach’s alpha

	 	 	 	 participants	 	 mean ± SD (range)	 coefficient

2017	 Bergen Social Media Addiction	 Italy	 6	 734	 High school and 	 21.6 ± 3.9 (16–40)	 0.88

	 Scale – Italian version25 				    college students	

2017	 Bergen Social Media Addiction 	 Iran	 6	 2,676	 High school	 15.5 ± 1.2 (14–19)	 0.86

	 Scale – Persian version26  				    students	

2018	 Chinese Social Media Addiction	 China	 58	 619	 College students	 20.4 ± 1.5 (18–25)	 0.94

 	 Scale (Liu & Ma, 2018)27 		  28

2018	 Turkish Adaptation of the Social  	 Turkey	 9	 553	 Adolescents	 N/A (14–18)	 0.83–0.86

	 Media Disorder Scale in Adolescents28

2018	 Cross-Sectional and Longitudinal 	 German	 9	 Study 1: 192	 Phone interview	 Study 1 Female: 22 (21–24)	 0.690–0.774

	 Evaluation of the Social Network 			   Study 2: 2,316	 and online	 Study 1 Male: 23 (21–27)

	 Use Disorder and Internet Gaming 				    survey Adults	 Study 2 Female: 32 (25–27)

	 Disorder Criteria29					     Study 2 Male: 37 (27–53)	

2019	 Psychometric Testing of Three	 China	 6 (BSMAS)	 307	 University students	 21.64 ± 8.11 (17–30)	 0.819 

	 Chinese Online-Related Addictive 

	 Behavior Instruments among 

	 Hong Kong University Students30 	

2019	 Cross-cultural validation of the 	 China	 9	 903	 College students	 20.56 ± 2.75 (N/A)	 0.753

	 Social Media Disorder scale31 

2019	 Spanish version of the Facebook 	 Spain	 8	 567	 Adults	 29.09 ± 12.03 (18–67)	 0.9

	 Intrusion Questionnaire (FIQ-S)32 

2020	 Social Networking Addiction 	 India	 24	 Study 1: 525 	 N/A	 20.33 ± 1.70 (17-25)	 N/A

	 Scale (SNAS)33 			   Study 3: 334	

Abbreviations: N/A, not available; SD, standard deviation

Chanpen et al.
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clarity, and simplicity by a total of eight experts consisting 
of two general psychiatrists, three child and adolescent 
psychiatrists, two clinical psychologists, and an expert 
in social media communication. Each expert rated each 
item using one-to-four Likert scale on three measures: 
relevance, clarity, and simplicity. Rating score of three 
or four by an expert was counted as one score, resulting 
in eight score points at most and zero point at least 
for each item. The score was converted into the item 
content validity index or I-CVI for each item (Max = 1.00,  
Min = 0.00). The content validity index for the whole scale 
was an average of all I-CVIs (Max = 1.00, Min = 0.00). 
	 Focus group interviews were conducted with a 
group of ten high school students ages from fifteen to 
eighteen years old to ensure clarity of understanding 
by those completing the scale. Each student was given a 
printed copy of the scale. They were provided five minutes 
to go through the whole paper. Then, the investigators 
asked how students interpreted each item, one by one. 
The investigators took notes and used comments to 
adjust language to ensure each question item convey 
the intended meanings.
	 All items are scored on a four-point Likert scale 
ranging from 0 (“definitely not true”) to 3 (“definitely 
true”). The total S-MASS score, obtained by summing 
the participants’ responses, ranges from 0-48. The higher 
the S-MASS score is, the greater the likelihood that a 
participant is addicted to social media.

Statistical analysis
	 Data were analyzed using PASW Statistics for 
Windows (version 18; SPSS Inc., Chicago, Ill., USA). 
Cronbach’s alpha was used to measure the internal 
consistency reliability. A Cronbach’s alpha coefficient 
between 0.7 and 0.9 indicated acceptable reliability.36 

Content validity was measured using a content validity 
index (CVI) generated by an expert committee.
	 The sample of 5,068 subjects was randomly divided 
into two using the SPSS to produce two groups: one for 
an exploratory factor analysis (EFA; n = 2,534), and the 
other for a confirmatory factor analysis (CFA; n = 2,534). 
The EFA was performed using SPSS.
	 To test the three-factor model of the S-MASS, the 
CFA was performed with LISREL for Windows (version 
9.10; Scientific Software International Inc., Skokie, Ill., 
USA). The model included three factors reflecting giving 
priority, impaired control, and negative consequences. The 
model’s goodness-of-fit was assessed with the following 
indices: chi-square test of model fit, standardized root 
means square residual (SRMR), root mean square error 
of approximation (RMSEA), and comparative fit index 

(CFI). To indicate a good fit of the model, the CFI values 
had to be > 0.95, while the values for RMSEA and SRMR 
were required to be < .06 and < .08, respectively.37 
	 Participants were classified into groups based on their 
S-MASS scores. The classification model was derived from 
latent profile analysis (LPA) or a Gaussian finite mixture 
model by expectation-maximization (EM) algorithm. The 
R package mclust (R Foundation, Vienna, Austria) was also 
used in the classification process. Bayesian Information 
Criterion (BIC), Bootstrap Likelihood Ratio Test (BLRT), 
Log- likelihood, and Integrated Complete-data Likelihood 
(ICL) were conducted as means to accurately reveal number 
of latent classes. A better model fit is reflected in lower 
BIC and AIC values, and higher log likelihood values. 
The BLRT was conducted to compare models’ fitness. 
Models with significant changes in −2 log-likelihood 
implied greater fitness to the data.
	 A Kruskal–Wallis test, followed by a Dunn–Bonferroni 
post-hoc pairwise comparison, were used to compare 
the S-MASS scores among classes. Pearson’s chi-squared 
test was used to compare the categorical variables of 
the classes. Spearman’s rank correlation coefficient was 
also employed to measure the strengths of association 
between the average daily time spent on social media 
and the S-MASS scores. All tests of significance were two 
tailed, and a p-value < 0.05 was considered statistically 
significant.

Ethics
	 The study was approved by the Institutional Review 
Board of the Faculty of Medicine Siriraj Hospital (COA 
no. Si 701/2013). The Declaration of Helsinki was obliged 
by investigators throughout the study. Informed consents 
were obtained from all subjects prior to participating in 
the study. Parental consents were obtained in case of 
minorities under 18 years old. 

RESULTS
Demographic statistics
	 Table 2 details the sociodemographic characteristics 
of the participants, the majority of whom were adolescents 
and young adults. Participants from each age group show 
different social media use patterns such as estimated 
hours of use per day (p<0.05). Younger participants 
had higher S-MASS scores than older participants  
(p < 0.001). Two-thirds of participants (66.8%) reported 
that it was necessary for them to use social media for 
their work or study. Interestingly, approximately 30% 
of participants stated that they perceived themselves 
to be addicted to social media. The five most popular 
social media platforms used were Facebook (87.9%), 
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TABLE 2. Sociodemographic characteristics of participants and Social Media Addiction Screening Scale (S-MASS) 
score.

              Characteristics	 n (%)	 S-MASS score	 P-value
			   mean ± SD	

Source of recruitment		  	

Total		  5068 (100.0)	 22.58 ± 9.67	

		  High schools	 3672 (72.5)	 23.17 ± 9.54	 < 0.001

		  Online surveys	 1396 (27.5)	 21.05 ± 9.86	

Gender			 

		  Male	 2058 (41.0)	 21.52 ± 9.30	 < 0.001

		  Female	 2963 (59.0)	 23.28 ± 9.84	

Age [mean ± SD (range) = 19.93 ± 9.96 (13–75) yrs] 	

		  13–17 yrs	 3406 (69.8)	 23.21 ± 9.50a	 < 0.001

		  18–25 yrs	 525 (10.8)	  22.94 ± 9.60a	

		  26–45 yrs	 760 (15.6)	  20.78 ± 9.85b	

		  46 yrs and above	 186 (3.8)	 16.26 ± 8.39c	

Necessity to use social media for work		

		  Necessary	 3029 (66.8)	 22.95 ± 9.73	 < 0.001

		  Not necessary	 1503 (33.2)	 21.62 ± 9.59	

Self-perception of addiction			 

		  Not addicted	 1092 (22.8)	 14.65 ± 7.49a	 < 0.001

		  Probably addicted	 2245 (46.8)	 21.90 ± 7.56b	

		  Addicted	 1462 (30.5)	 29.70 ± 8.68c	

Amount of time spent on social media (not including gaming) 	

	 Weekdays [mean ± SD (range) = 3.23 ± 2.63 (0.08–18) hrs/day]	

		  Light use (< 2 hrs/day)	 1148 (26.7)	 17.87 ± 8.65a	 < 0.001

		  Moderate use (2–4 hrs/day)	 2264 (52.6)	 22.92 ± 8.79b	

		  Heavy use (> 4 hrs/day)	 892 (20.7)	 27.80 ± 9.68c	

     Weekends [mean ± SD (range) = 4.91 ± 4.12 (0.08–24) hrs/day] 	

             Light use (< 3 hrs/day)	 1367 (31.7)	 17.63 ± 8.66a	 < 0.001

             Moderate use (3–5 hrs/day)	 1692 (39.2)	 22.68 ± 8.38b	

             Heavy use (> 5 hrs/day)	 1255 (29.1)	 27.65 ± 9.30c	

     Average daily time spent [mean ± SD (range) = 3.68 ± 2.77 (0.08–19.71) hrs/day] 

             Light use (< 3 hrs/day)	 2126 (50.6)	 19.38 ± 8.66a	 < 0.001

             Moderate use (3–5 hrs/day)	 1203 (28.6)	 24.06 ± 8.68b	

             Heavy use (> 5 hrs/day)	 876 (20.8)	 28.31 ± 9.50c	  

Note: Different superscript letters (a, b, c) in the same column reflect a significant (p-value < 0.05) difference between the means, while the 
same letter in one column reflects a non-significant difference between the means.
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Line (79.2%), YouTube (77.0%), Google+ (38.7%), and 
Instagram (37.6%).

Correlation with time spent on social media
	 A moderately positive correlation was observed 
between average daily time spent on social media and  
S-MASS scores (rs38  = 0.412; p < 0.001). The heavy-
use group (using social media for > 4 hours/day on 
weekdays, or for > 5 hours/day on weekends) had higher 
S-MASS scores than the light- and moderate-use groups  
(p < 0.001; Table 2).

Content validity
	 The calculated content validity index or CVI for the 
S-MASS relative to the relevance, clarity, and simplicity 
of all items were 0.992, 0.938, and 0.977, respectively. 
For items with item content validity index (I-CVI) less 
than 1.00, experts gave specific comments by identifying 
words which might be unclear to interpretation and 
suggested alternative words. Some experts also rewrote 
or rearranged questions as examples. Others pointed out 
double-barreled questions.

Reliability analysis
	 The S-MASS had excellent internal consistency, 
with a Cronbach’s alpha coefficient of 0.90 (95% CI: 
0.89–0.90). In an item analysis, all 16 S-MASS items 
had a corrected item-total correlation above 0.3, which 
confirmed that each of the 16 items was correlated with 
the overall scale. If deleted, no item had a Cronbach’s 
alpha greater than 0.90; this suggested that no item 
disproportionately affected the overall reliability.

EFA
	 Prior to performing the EFA, the suitability of the 
data for the factor analysis was evaluated. Five factorability 
assessment criteria were applied. First, the correlation matrix 
revealed the presence of several (82.03%) coefficients of 
0.30 or above, suggesting appropriate factorability. Second, 
the Kaiser–Meyer–Olkin measure of sampling adequacy 
was 0.943, which exceeded the recommended value of 
0.6.39 Third, Bartlett’s test of sphericity achieved statistical 
significance (χ240  = 29,879.585; p < 0.001), supporting 
the factorability of the correlation matrix. Fourth, the 
diagonals of the anti-image correlation matrix were over 
0.5, suggesting the inclusion of each item in the factor 
analysis. Finally, each item shares common variances 
with other items demonstrated by the communalities 
above 0.3 (Table 3). Given all of the above criteria were 
satisfied, all items of the S-MASS were included in the 
EFA. 

	 A principal components analysis (PCA) revealed three 
components that the authors named “giving priority”, 
“negative consequences”, and “impaired control”; they 
had eigenvalues exceeding 1 and explained 39.53%, 7.38%, 
and 6.41% of the variance, respectively (Table 3). The 
promax rotation method with Kaiser normalization was 
chosen because the factor correlation matrix for all three 
factors exceeded 0.32, which indicated that the factors 
in the analysis were correlated. All 16 items had factor 
loadings greater than 0.4. In addition, the Cronbach’s 
alphas for giving priority, negative consequences, and 
impaired control were 0.789, 0.770, and 0.803, respectively, 
indicating internal consistency of these three components 
(Table 3).

CFA
	 The three-factor model with the sixteen components 
as indicator variables was tested with a CFA. The analysis 
provided an acceptable fit to the data (χ2 = 120.77, df = 
62, p < 0.001; CFI = 0.99; RMSEA = 0.01; SRMR = 0.01). 
Factor loadings ranged from 0.32 to 0.74 (Table 4 and 
Fig 1). Item 9 and item 13 of the S-MASS had factor 
loadings less than 0.4 (0.37 and 0.32, respectively).

LPA
	 The LPA was performed on the sixteen items of the 
S-MASS, and according to the Bayesian Information 
Criterion (BIC) and integrated complete-data likelihood 
(ICL) criterion, the three-class solution was selected as 
the best-fitting model. The features of the three classes are 
presented in Fig 2. The three classes were named “low-
risk” (S-MASS scores 0–15), “moderate-risk” (S-MASS 
scores 16–30), and “high-risk” (S-MASS scores 31–48), 
representing 24.2% (n = 1,227), 54.4% (n = 2,757), and 
21.4% (n = 1,084) of social media users, respectively.
	 In the “high-risk” class, item 11— “I ignore or fail 
when people tell me to cut down my social media use”—
showed elevated levels compared to the other items, as 
shown in Fig 2. Interestingly, 67.6% of the participants 
in the high-risk class believed that they were addicted 
to social media, whereas only 26.2% and 6.9% in the 
moderate-risk and low-risk classes, respectively, believed 
so (Table 5).

DISCUSSION
	 The purpose of the present study was to measure 
the psychometric properties of the S-MASS, a newly 
developed, 16-item, self-report questionnaire developed 
to screen for SMA. Results showed that the S-MASS 
has excellent internal consistency (Cronbach’s alpha 
coefficient, α = 0.90). This indicated that all 16 items 
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TABLE 3. Exploratory factor analysis (EFA) of Social Media Addiction Screening Scale (S-MASS).

		  Loadings		  Communality
            Questions	 Factor 1:	 Factor 2:	 Factor 3:
	 Giving priority	  Negative 	 Impaired control
		  consequences		

Since I started using social media…				  

(15) My friends regularly see me online.	 0.730			   0.572

(14) I feel that social media is a part of 	 0.686			   0.564
my life that I can't lose.	

(1) I use social media whenever I have a chance.	 0.677			   0.506

(7) I keep checking all the time to see if anyone	 0.613			   0.435 
has “liked” or commented on the pictures/
statuses I have posted.	

(2) I use social media as soon as I wake up	 0.603			   0.421 
in the morning.	

(13) I use social media to ease my stress.	 0.596			   0.393

(11) I ignore or fail when people tell me to		  0.763		  0.587
cut down my social media use.		     

(16) People around me say I am addicted 		  0.705		  0.580
to social media.		

(10) I use social media during circumstances		  0.688		  0.490 
when I should not use it (e.g., while in the 
classroom, doing daily activities, working, 
meeting with friends or colleagues, walking 
on the sidewalk, driving, etc.).		

(12) I get agitated or irritable when I can’t 		  0.670		  0.505
use social media.		

(8) I talk to people on social media more		  0.645		  0.420 
often than in real life.		

(9) My social media use negatively impacts		  0.626		  0.563 
my life in some ways.		

(5) I often spend more time using social media			   0.799	 0.647 
than I originally intended to.			 

(3) I spend all of my free time using social media. 			   0.791	 0.653

(4) I have lost interest in other activities.			   0.762	 0.602

(6) I spend more time using social media now			   0.732	 0.593 
than I used to.			 
                                                           Eigen value	 6.324	 1.181	 1.026	
Percentage of variance explained (total = 53.322)	 39.528	 7.384	 6.410	
                                                  Cronbach’s alpha	 0.789	 0.770	 0.803	

Extraction method: principal component analysis
Rotation method: Promax with Kaiser normalization
Factor loadings < 0.4 were suppressed
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TABLE 4. Factor loadings, R2, and factor loading coefficient of Social Media Addiction Screening Scale (S-MASS).

Components		                  Factor loadings		  R2	 Factor loading 
	 b	 B	 SE (b)	 t	 	 coefficient

Giving priority 						    

(1) I use social media whenever I have	 0.53	 0.61	 0.02	 31.44*	 0.37	 0.17
a chance. (PRE1)

(2) I use social media as soon as I wake	 0.62	 0.57	 0.02	 28.93*	 0.32	 0.08
up in the morning. (PRE2)

(7) I keep checking all the time to see if 	 0.70	 0.67	 0.02	 34.56*	 0.45	 0.20
anyone has “liked” or commented on the 
pictures/statuses I have posted. (PRE3)	

(13) I use social media to ease my stress. 	 0.32	 0.36	 0.02	 17.13*	 0.13	 0.03
(PRE4)	

(14) I feel that social media is a part of	 0.70	 0.72	 0.02	 37.78*	 0.52	 0.25
my life that I can't lose. (PRE5)

(15) My friends regularly see me online. 	 0.63	 0.65	 0.02	 34.51*	 0.42	 0.15
(PRE6)

Negative consequences 						    

(8) I talk to people on social media more	 0.58	 0.63	 0.02	 31.62*	 0.40	 0.22
often than in real life. (IMP1)

(9) My social media use negatively impacts	 0.37	 0.40	 0.02	 17.94*	 0.15	 0.04
my life in some ways. (IMP2) 

(10) I use social media during circumstances 	 0.51	 0.53	 0.02	 26.00*	 0.28	 0.08
when I should not use it (e.g., while in the 
classroom, doing daily activities, working, 
meeting with friends or colleagues, walking 
on the sidewalk, driving, etc.). (IMP3)	

(11) I ignore or fail when people tell me to	 0.63	 0.68	 0.02	 33.31*	 0.46	 0.17
cut down my social media use. (IMP4) 

(12) I get agitated or irritable when I can’t	 0.65	 0.65	 0.02	 33.17*	 0.42	 0.14
use social media. (IMP5) 

(16) People around me say I am addicted	 0.70	 0.71	 0.02	 37.86*	 0.50	 0.17
to social media. (IMP6) 

Impaired control						    

(3) I spend all of my free time using social	 0.73	 0.75	 0.02	 40.51*	 0.57	 0.31
media. (LOC1) 

(4) I have lost interest in other activities. 	 0.65	 0.71	 0.02	 37.58*	 0.50	 0.25
(LOC2) 

(5) I often spend more time using social	 0.66	 0.69	 0.02	 37.23*	 0.48	 0.18
media than I originally intended to. (LOC3) 

(6) I spend more time using social media	 0.74	 0.79	 0.02	 40.82*	 0.63	 0.38
now than I used to. (LOC4)

*p-value < 0.01
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Fig 1. Factor loadings of Social-Media Addiction Screening Scale (S-MASS)

Fig 2. The three classes of social-media users obtained from the latent profile analysis

Chanpen et al.
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TABLE 5. Comparison of the three latent classes.

                     Characteristics	 Total	 Low-risk	 Moderate-risk	 High-risk	                             Overall test

		  (n = 5,068)	 (n = 1,227)	 (n = 2,757)	 (n = 1,084)	 χ2(df)	 P-value

Gender (Female); n (%)	 2,963 (59.0)	 687 (56.4)a	 1557 (57.0)a	 719 (67.2)b	 37.77 (2)	 < 0.001

Age (years) Median 16.00, min 13.00,	 19.93 (9.96)	 22.34 (11.91)a	 19.49 (9.63)b	 18.25 (7.55)c	 34.30 (2)*	 < 0.001

max 75.00, SE 0.14: Mean (SD) 

Necessity to use social media for work (Necessary); n (%)	 3,029 (66.8)	 715 (63.8)a	 1,621 (66.3)a	 693 (71.7)b	 15.51 (2)	 < 0.001

Self-perception of addiction n (%)						      < 0.001

	 Probably addicted	 2,245 (46.8)	 452 (39.2)a	 1,493 (57.0)b	 300 (29.2)c	 475.48 (2)	 < 0.001

	 Addicted	 1,462 (30.5)	 80 (6.9)a	 687 (26.2)b	 695 (67.6)c	 1,042.90 (2)	 < 0.001

Amount of time spent on social media 

(not including gaming) 						      < 0.001

	 Weekdays (hrs/day) Median 2.50, min 0.08, 	 3.23 (2.63)	 2.24 (1.97)a	 3.16 (2.42)b	 4.57 (3.20)c	 526.81 (2)*	 < 0.001

	 max 18.00, SE 0.04: Mean (SD) 

	 Weekends (hrs/day) Median 4.00, min 0.08, 	 4.91 (4.12)	 3.05 (2.79)a	 4.78 (3.60)b	 7.41 (5.27)c	 672.17 (2)*	 < 0.001

	 max 24.00, SE 0.06: Mean (SD) 

	 Average daily time spent (hrs/day) Median 2.86, 	 3.68 (2.77)	 2.46 (1.97)a	 3.61 (2.51)b	 5.28 (3.37)c	 614.49 (2)*	 < 0.001

	 min 0.08, max 19.71, SE 0.04: Mean (SD) 

Total Social Media Addiction Screening Scale	 22.58 (9.67)	 10.48 (3.72)a	 22.51 (4.10)b	 36.47 (4.52)c	 4,133.80 (2)*	 < 0.001 

(S-MASS) Score

Median 22.00, min 0, max 48, SE 0.14: Mean (SD)	

Note: Different superscript letters (a, b, c) in the same row reflect a significant (p-value < 0.05) difference between the means, while same superscript letters in one row reflect a non-significant difference 
between the means, according to the Pearson chi-square or (*) Kruskal–Wallis test, followed by a Tukey post-hoc pairwise comparison.
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of the S-MASS measured the same problem, namely, 
social media addiction (SMA). The EFA using a PCA 
with promax rotation demonstrated that the S-MASS 
has good factorial validity as all items had loading factors 
above 0.4. The EFA also revealed that 3 factors were 
foundational to the S-MASS and covered the essential 
characteristics of behavioral addiction (giving priority, 
impaired control, and negative consequences). The CFA 
also confirmed the three-factor model of the S-MASS.
	 According to the LPA, three classes of social media 
users were identified, based on their risk of addiction: high 
risk, moderate risk, and low risk. Members of the high-risk 
class were likely to (i) be female, (ii) be younger, (iii) have 
necessary work-related use, (iv) perceive themselves as 
being addicted to social media, and (v) spend more than 
5 hours daily on social media (Table 5). These risk factors 
will help clinicians accurately identify social media users 
who might be at risk for SMA. Interestingly, item 11 of 
the S-MASS (“I ignore or fail when people tell me to cut 
down my social media use”) showed an elevated level in 
the high-risk class relative to the other items. This item 
may be helpful in distinguishing the high-risk class from 
the low-risk and medium-risk classes. Furthermore, 21.4% 
(n = 1,084) of participants belonged to the high-risk class, 
based on the LPA; this is consistent with the prevalence 
of social-networking-site addiction (29.5%) reported by 
Tang and Koh.41 On the other hand, the high-risk class 
proportion found in our study is somewhat lower than 
the previously reported prevalence of Facebook addiction 
in Thailand (41.8%)42  and much higher than the rate 
for the at-risk group of SMA in Hungary (4.5%).43 The 
disparity in the prevalence of SMA among countries is 
probably due to differences in the measurement tools 
and the sample populations used by the various studies. 
Nevertheless, cultural influence might also contribute 
to the disparity found between countries.44 
	 The study also discovered that the S-MASS score 
is moderately positively correlated with average daily 
time spent on social media (rs38 = 0.412; p < 0.001). In 
other words, the greater the amount of time spent on 
social media, the greater the risk of becoming addicted 
to social media. This finding may imply that the S-MASS 
can determine the severity of addiction.
	 Strengths of this study include its relatively large 
sample size, the heterogeneity of the participants, and 
the comprehensive assessment of S-MASS reliability and 
validity. Cut-off scores were also identified for three-level 
risk classification. This fulfills the gap in previous studies 
on assessment tools. More importantly, SMA manifests 
in a spectrum, not in binary categories. Having cut-points 
is beneficial for clinical practice. The diversity of sources 

from which the participants were recruited, especially the 
online survey, allowed us to recruit and enroll participants 
with relatively diverse sociodemographic backgrounds 
and a wider age range (13–75 years) than other studies 
(although the majority of participants were aged between 
13 and 25 years; Table 1). The authors set out to develop 
the S-MASS for use in screening for SMA in general, 
not Facebook addiction only. S-MASS can, therefore, be 
applied to subgroups of social media users who interact 
with social networking sites other than Facebook.

Limitations
	 The present study has some limitations. First, results 
were based on a convenient sample, limiting the extent to 
which findings can be generalized to a broader population. 
Second, the S-MASS is a self-report questionnaire which 
is subject to several biases (such as social desirability and 
short-term recall). Third, the test-retest reliability was 
not evaluated to determine stability. Forth, the same cut-
off might not be a one-size-fit-all since each age group 
shows different patterns of social media usage. Further 
studies to identify age-specific cut-offs are warranted. 
Finally, although a few forms of validity were tested in 
this study, other important types of validity should also 
be examined (e.g., concurrent, predictive, convergent, 
and discriminant validities).

Future studies
	 The S-MASS should be further validated—most 
notably, its criterion validity. This validation process 
can be undertaken after a formal diagnosis of SMA 
becomes available. In its present form, the S-MASS is 
best suited for use in epidemiologic studies. However, 
to test whether the S-MASS is sensitive to change after 
interventions is an interesting and worthwhile research 
pursuit. Once the S-MASS is proven to be adequately 
sensitive to change, it can also be used in clinical or 
interventional studies.

CONCLUSION
	 The Social-Media Addiction Screening Scale (S-MASS) 
is a psychometrically reliable and valid screening test for 
SMA.  Two cut-offs are identified for risk classification. 
Further studies assessing the concurrent, predictive, 
convergent, and discriminant validity of the S-MASS 
in a more heterogeneous population are warranted. In 
addition, the criterion validity of the S-MASS to determine 
its sensitivity, specificity, and the appropriateness of the 
current recommended cut-off scores should be evaluated 
once formal diagnostic criteria for SMA become available.
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Changes in the VARK Learning Style from the First 
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ABSTRACT
Objective: This study aimed to determine percentage of students who changed (change group) and did not change 
(no-change group) in the visual (V)–aural (A)–reading/writing (R)–kinesthetic (K) learning style from the first 
(Preclinic1) to the second (Preclinic2) preclinical year; and compare academic performance (GPA, percentile of 
GPA, and achievement of study targets) and stress levels between these groups.
Materials and Methods: The VARK and research questionnaires were sent to students of the 2019 class at the 
end of Preclinic1 and again at Preclinic2. GPA and percentile of GPA were obtained from academic records while 
achievement of study targets and stress levels were from the research questionnaire.
Results: Most students were multimodal learners (65.03% in Preclinic1 and 69.51% in Preclinic2). From Preclinic1 to 
Preclinic2, 69.3% of students changed and 30.7% of students did not change their learning preferences. In Preclinic1 
and Preclinic2, GPA and percentile of GPA were higher in the no-change compared with the change group (p<0.01 
all). GPA in the change group was lower in Preclinic2 than that in Preclinic1 (p<0.001). Achievement of study targets 
and stress levels of the change group in Preclinic2 were lower than theirs in Preclinic1 and those of the no-change 
group in Preclinic2 (p<0.05 all). The students who changed their learning preferences might need to adapt to their 
new learning preferences probably leading to lower academic capability but less stress.
Conclusion: Students changed their learning preferences around 70% from Preclinic1 to Preclinic2. The change 
group exhibited lower academic capability but less stress.
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INTRODUCTION
	 There are a vast number of theories describing 
the learning styles according to various psychological 
constructs.1 The VARK learning style, which categorizes 
students into four learning modules, comprises visual 
(V), aural (A), reading/writing (R), and kinesthetic (K).2 
This model proposes that students use different sensory 

modalities for processing knowledge and information.1 
The model is popularly used among educators to figure 
out what learning modalities their learners predominantly 
prefer.3 Flemming described these four modalities of 
students’ learning preferences in 1992.4

	 “V” students prefer to learn with graphics and symbols; 
they like using figures, pictures, and symbolic tools, 
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while movements or actions could disturb their focus.5 

“A” students prefer “heard” information and best learn 
through lectures and discussions with others,4 although 
the noise could easily trouble them.6 “R” students prefer 
printed words and text to obtain information. They learn 
effortlessly via text, books, and notes.7 Unlike others, “K” 
students use all perceptual modalities in the process of 
learning.4 They understand things seamlessly by doing, 
practicing, and having real hands-on experience. They 
prefer learning through physical skills and movement.8 

They are good at coordination and have a good sense 
of rhythm.8 Nevertheless, one does not have to fall in 
only one type of the VARK learning style, as for many 
students, their learning preferences are multimodal.4,9

	 Keefe, a former president of the Learning Environments 
Consortium International, mentioned that it is important for 
the teachers to not only teach content but also understand 
the learning strategies of students and facilitate them to 
know their learning preferences.10 Moreover, he stated that 
students’ learning environment is one of the influencing 
factors that causes different learning preferences and 
responses of each individual.10 Furthermore, different 
backgrounds, demographic data, gender, academic levels, 
cultures, and individual creativities affect the different 
distribution of students’ VARK preferences.7,11-13 Besides, 
VARK preferences have been shown to be associated 
with academic success.14 “V” modality was positively 
correlated while “A” modality was negatively correlated 
with assessment performance in the first year nursing 
students.14 However, another study reported that there 
was no significant impact of each VARK learning module 
on examination scores.9 Accordingly, the association 
between each VARK module and academic performance 
is still open to question.
	 During preclinical years, students have to study 
loads of learning content and experience various learning 
environments,12 which might cause adaptation of students’ 
learning styles. This study aimed to determine 1) distribution 
of the VARK learning style in the first (Preclinic1) and the 
second (Preclinic2) preclinical years; 2) the mean VARK 
score of total, male, and female students in Preclinic1 
and Preclinic2; 3) percentage of students who changed 
(change group) and did not change (no-change group) 
their VARK learning preferences from Preclinic1 to 
Preclinic2; 4) comparisons of academic performance 
(GPA, percentile of GPA, and achievement of study 
targets) and stress levels between the change and no-
change groups; 5) correlations between each VARK 
score and other factors; and 6) factors that contributed 
to GPA of students by multivariate regression analysis.

MATERIALS AND METHODS
	 This study was approved by the Siriraj Institutional 
Review Board (COA no. Si 022/2015). This is a follow-up 
cross-sectional questionnaire study. Prior to the study, 
informed consent forms and questionnaires were sent out 
to all students of the 2019 class at the end of Preclinic1 
(academic year 2014) and again at Preclinic2 (academic 
year 2015). The inclusion criteria were medical students 
of the 2019 class who voluntarily returned both the 
VARK and research questionnaires.

Type of curriculum and course setup
	 The Doctor of Medicine program at the Faculty of 
Medicine Siriraj Hospital, Mahidol University, Thailand, 
is a six-year curriculum in which medical students were 
enrolled in the medical school after high school graduation. 
	 For the program 2014, the first year, also known as 
a premedical year, consisted of basic sciences and general 
education subjects. The second year was Preclinic1 in 
which gross anatomy 1, gross anatomy 2, neuroanatomy, 
embryology, histology, physiology, biochemistry, and 
minor subjects were taught. The third year was Preclinic2 in 
which subjects including clinical pathology, pharmacology, 
immunology, pathology, microbiology, parasitology, and 
minor subjects were taught. The fourth to sixth years 
were clinical years.
	 The teaching methods used in the preclinical years 
included lectures, group discussions, and practical sessions, 
together with clinical case studies associated with delivered 
content. 

Questionnaire 
	 The English language VARK questionnaire version 
7.8 used in this study was from a previously published 
paper4 with no translation, consisting of 16 four-choices 
questions which allows participants to select more than 
one choices if a single answer does not match their 
perception. Students were classified according to their 
VARK modules into 4 main VARK categories and 15 
subcategories including unimodal (V, A, R, or K); bimodal 
(VA, VR, VK, AR, AR, AK, or RK); trimodal (VAR, 
VAK, VRK, or ARK); and quadrimodal (VARK).15 The 
change group represented students who had different 
VARK learning subcategories between Preclinic1 and 
Preclinic2, while the no-change group was defined as 
students who had the same VARK learning category 
between Preclinic1 and Preclinic2. 
	 The research questionnaire, written in Thai, was a 
self-report form consisting of questions regarding gender, 
time spent on the recorded-e-lecture study, time spent 
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on study materials rather than the recorded-e-lecture 
study, percentage of achievement of study targets, and 
stress levels of students. Recorded-e-lecture study is 
one of the methods of students’ lesson review using the 
recorded video from a regular class that is provided on 
the intranet after the class. Gender of participants was 
obtained because there were gender differences in VARK 
learning preferences, academic achievement, and study 
habits.13,16 Stress levels were determined using a Likert 
scale (1=extremely low, 2=low, 3=medium, 4=high, 
and 5=extremely high). The legibility and clarity of the 
questionnaire were initially reviewed by medical students. 
Then the questionnaire was submitted to the committee 
of experts for revision and validation on readability, 
clarity, rational analysis, and comprehensiveness. The 
internal consistency of data collection, calculated from 
Cronbach’s alpha, was 0.893.

Academic achievement
	 Academic achievement represented as GPA, percentile 
of GPA, and scores of all subjects was obtained officially 
from the undergraduate education department.

Subgroup analysis
	 Students who had the same learning preferences 
between Preclinic1 and Preclinic2 were allocated into 
the “no-change” group, while students who had different 
learning preferences between Preclinic1 and Preclinic2 
were allocated into the “change” group.

Statistical analysis
	 Data were analyzed using the Statistical Package 
for Social Science version 18. Descriptive statistics were 
used to analyze the percentage of the VARK learning 
style. For comparisons between two independent groups, 
the independent sample T-test was used. The paired 
sample T-test was performed to analyze the comparisons 
between two related data. As there was no previous study 
that compared academic performance and stress levels 
between the change and no-change groups, we could 
not calculate sample size from comparisons between 
two groups. However, we calculated sample size from 
correlations between two-factor analysis with the equation 
N= ((Zα/2+Zβ)2)/C+3 by setting α=0.05, Zα=1.96, β=0.2, 
Zβ=0.84, type I error=0.05, type II error=0.2, H0: rho=0, 
H1: rho=0.25, and C=0.5 xln [(1+r)/(1-r)] leading to N=124. 
So, at least 124 questionnaire respondents are enough 
for the analysis. To determine correlations between two 
factors, represented as correlation coefficient (R value), 
the Pearson product-moment correlation coefficient was 

used for continuous variables, and Spearman’s rank-order 
correlation coefficient was used for rank or non-normal 
distributed variables. Non-normal distributed data or 
rank data were analyzed using the nonparametric tests. 
Multiple regression analysis was used to determine factors 
that significantly contributed to students’ GPA in each 
academic year. A p-value less than 0.05 is considered 
statistical significance.

RESULTS
	 The VARK and research questionnaires were returned 
87.20% (286/328) and 92.99% (305/328) at the end of 
Preclinic1 and Preclinic2, respectively. The age range of 
Preclinic1 and Preclinic2 students was 19–21 years.

Distribution of the VARK learning style
	 Distribution of the VARK learning style in male 
and female students in Preclinic1 and Preclinic2 is 
presented in Fig 1. The unimodal learning preferences 
comprises V, A, R, and K, while the multimodal learning 
styles consist of bimodal, trimodal, and quadrimodal 
learning preferences. Most students were multimodal 
learners (65.03%, 67.66%, and 61.34% of total, male, and 
female students, respectively, in Preclinic1; and 69.51%, 
66.10%, and 74.22% of total, male, and female students, 
respectively, in Preclinic2), while the rest of them were 
unimodal learners (34.97%, 32.34%, and 38.66% of total, 
male, and female students, respectively, in Preclinic1; and 
30.49%, 33.90%, and 25.78% of total, male, and female 
students, respectively, in Preclinic2).

The mean VARK score
	 The mean of each VARK score and the standard 
error of the mean (S.E.M.) of total, male, and female 
students in Preclinic1 and Preclinic2 are shown in Table 1. 
In Preclinic1, K was the highest mean score in total, 
male, and female students while in Preclinic2, V was 
the highest mean score in total and male students and 
A was the highest mean score in female students.

Changes in the VARK learning style from Preclinic1 
to Preclinic2
	 When these students progressed from Preclinic1 
to Preclinic2, one-third of them (n=85, 30.7%) did not 
change their learning styles, while two-thirds of them 
(n=192, 69.3%) did. The same trend was observed with 
regard to gender; 49 males (30.2%) and 36 females (31.3%) 
did not change their learning styles while 113 males 
(69.8%) and 79 females (68.7%) did.
	 Changes in the VARK learning style of students 
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Fig 1. Distribution of the VARK learning style in male and female students in the first (P1) and the second (P2) preclinical years. The 
unimodal learning preferences comprises visual (V), aural (A), reading/writing (R), and kinesthetic (K) learning styles, while the multimodal 
learning styles consist of bimodal (VA, VR, VK, AR, AK, or RK), trimodal (VAR, VAK, VRK, or ARK), and quadrimodal (VARK) learning 
preferences.

TABLE 1. The mean of each VARK score of total, male, and female students in the first and the second preclinical 
years.

VARK Score	 V	 A	 R	 K
	 Mean±S.E.M.	 Mean±S.E.M.	 Mean±S.E.M.	 Mean±S.E.M.

1st Preclinical year
Total	 5.09±0.15	 4.98±0.15	 3.91±0.14	 5.53±0.14

Male	 5.31±0.22	 5.13±0.21	 4.05±0.20	 5.61±0.19

Female	 4.79±0.20	 4.83±0.21	 3.68±0.21	 5.53±0.21

2nd Preclinical year
Total	 6.37±0.19	 6.21±0.18	 4.79±0.16	 6.32±0.17

Male	 6.67±0.26	 5.95±0.24	 4.93±0.22	 6.43±0.23

Female	 5.98±0.27	 6.59±0.26	 4.63±0.24	 6.24±0.27

Highlighted areas represent the highest mean score in each category.

from Preclinic1 to Preclinic2 are summarized and shown 
in details in Table 2. The number of students who did 
not change their learning preferences from Preclinic1 
to Preclinic2 was 6 for V, 10 for A, 8 for K, 1 for VA, 1 
for VR, 2 for VK, 2 for AK, 1 for VAR, 3 for VAK, and 
51 for VARK (Table 2).

Comparisons of academic performance and stress 
levels between the no-change and change groups
	 Comparisons of academic factors and stress levels 
between the no-change and change groups are shown 
in Fig 2. In Preclinic1 and Preclinic2, GPA (Fig 2A) and 
percentile of GPA (Fig 2B) in the no-change group were 
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TABLE 2. Details of changes in the VARK learning style from the first to the second preclinical year.
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Abbreviations: V=visual, A=aural, R=reading/writing, and K=kinesthetic learning styles. 
Highlighted areas represent the number and percentage of students who had the same VARK learning styles between the first and the second preclinical years 
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                         2nd Preclinical year
	             Unimodal		                           Bimodal		                                                                    Trimodal		                                             Quadrimodal	 Total
		  V	 A	 R	 K	 VA	 VR	 VK	 AR	 AK	 RK	 VAR	 VAK	 VRK	         ARK        VARK	

V	 N	 6	 3									         1	 1	 1		  16	 28
	 %	 21.4	 10.7									         3.6	 3.6	 3.6		  57.1	 100

A	 N		  10	 1							       1		  2			   10	 24
	 %		  41.7	 4.2							       4.2		  8.3			   41.7	 100

R	 N				    2	 1			   1		  1	 1				    6	 12
	 %				    16.7	 8.3			   8.3		  8.3	 8.3				    50.0	 100

K	 N	 3	 2		  8			   2		  1		  3	 2			   9	 30
	 %	 10.0	 6.7		  26.7			   6.7		  3.3		  10.0	 6.7			   30.0	 100

VA	 N					     1							       1			   1	 3
	 %					     33.3							       33.3			   33.3	 100

VR	 N						      1									         2	 3
	 %						      33.3									         66.7	 100

VK	 N	 2			   4			   2		  1			   2	 1	 1	 6	 19
	 %	 10.5			   21.1			   10.5		  5.3			   10.5	 5.3	 5.3	 31.6	 100

AR	 N			   1											           1	 2	 4
	 %			   25.0											           25.0	 50.0	 100

AK	 N	 2	 3		  2	 1			   1	 2			   2			   10	 23
	 %	 8.7	 13.0		  8.7	 4.3			   4.3	 8.7			   8.7			   43.5	 100

RK	 N				    1		  1							       1			   3
	 %				    33.3		  33.3							       33.3			   100

VAR	 N	 1							       2			   1				    1	 5
	 %	 20.0							       40.0			   20.0				    20.0	 100

VAK	 N	 2	 1		  2	 1							       3			   5	 14
	 %	 14.3	 7.1		  14.3	 7.1							       21.4			   35.7	 100

VRK	 N			   1												            3	 4
	 %			   25												            75	 100

ARK	 N	 1	 2	 1	 1								        1			   1	 7
	 %	 14.3	 28.6	 14.3	 14.3								        14.3			   14.3	 100
	 N	 8	 8	 2	 4	 4		  2	 3	 2	 2		  8	 1	 3	 51	 98
	 %	 8.2	 8.2	 2.0	 4.1	 4.1		  2.0	 3.1	 2.0	 2.0		  8.2	 1.0	 3.1	 52.0	 100
																	                 277
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Fig 2. Comparisons between students who had the same (no-change) and different (change) learning preferences between the first and the 
second preclinical years with regard to GPA (A), percentile of GPA (B), percentage of achievement of study targets (C), and stress levels (D). 
Data are shown as mean (S.E.M.), *p<0.05 **p<0.01, ***p<0.001 compared between the no-change and change groups; ##p<0.01, ###p<0.001 
compared between the first and the second preclinical years.

significantly higher than those in the change group (p<0.01 
all). Interestingly, the change group had significantly lower 
GPA in Preclinic2 than Preclinic1 (Fig 2A; p<0.001).
	 In Preclinic1, achievement of study targets (Fig 2C) 
and stress levels (Fig 2D) in the no-change group were 
comparable to those in the change group, but in Preclinic2 
these factors were significantly higher in the no-change 
group compared with the change group (p<0.05 all). 
Furthermore, the change group had significantly lower 
achievement of study targets (Fig 2C) and stress levels 
(Fig 2D) in Preclinic2 than Preclinic1 (p<0.01 all).

Correlations between each VARK score and other 
factors
	 Correlations between each VARK score and other 
factors are shown in Table 3. In Preclinic1, the V score had 
positive correlations with GPA (R=0.134), percentile of GPA 
(R=0.119), and scores of gross anatomy 1 (R=0.135), gross 
anatomy 2 (R=0.187), histology (R=0.143), embryology 

(R=0.127), neuroanatomy (R=0.146), and biochemistry 
(R=0.121, p<0.05 all); and showed a positive correlation 
trend with the physiology score (R=0.115, p=0.052;  
Table 3). The A score was positively correlated with 
time spent on the recorded-e-lecture study (hours/week; 
R=0.126, p<0.05; Table 3). The R score had a positive 
correlation with time spent on the non-recorded-e-lecture 
study (hours/week; R=0.122, p<0.05; Table 3). The K 
score was positively correlated with the embryology 
score (R=0.135, p<0.05; Table 3). In Preclinic2, the R 
score was positively correlated with time spent on the 
non-recorded-e-lecture study (hours/week; R=0.160), 
while the K score was negatively correlated with time 
spent on the recorded-e-lecture study (hours/week; 
R=–0.113, p<0.05 all; Table 3). 

Multivariate regression analysis of GPA of students 
in Preclinic1
	 Multivariate regression analysis of GPA of students in 
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TABLE 3. The mean of each VARK score of total, male, and female students in the first and the second preclinical 
years.

VARK score	 V score		  A score 		  R score		  K score
Factors	 R	 P	 R	 P	 R	 P	 R	 P

1st Preclinical Year

GPA	 0.134	 0.025*	 -0.024	 0.687	 0.089	 0.139	 0.072	 0.232

Percentile GPA	 0.119	 0.047*	 -0.026	 0.661	 0.085	 0.158	 0.018	 0.764

Gross Anatomy 1 score	 0.135	 0.022*	 -0.043	 0.473	 0.047	 0.428	 0.086	 0.145

Gross Anatomy 2 score	 0.187	 0.001**	 -0.084	 0.158	 0.069	 0.242	 0.075	 0.207

Histology score	 0.143	 0.016*	 -0.038	 0.523	 0.107	 0.071	 0.113	 0.056

Embryology score	 0.127	 0.032*	 -0.052	 0.378	 0.083	 0.161	 0.135	 0.022*

Neuroanatomy score	 0.146	 0.014*	 -0.047	 0.424	 0.047	 0.426	 0.056	 0.349

Biochemistry score	 0.121	 0.042*	 -0.040	 0.501	 0.066	 0.263	 0.090	 0.131

Physiology score	 0.115	 0.052	 -0.070	 0.236	 0.089	 0.135	 0.070	 0.239

Time spent on non-recorded-	 0.056	 0.343	 0.056	 0.343	 0.122	 0.038*	 0.109	 0.064

e-lecture study (hours/week)	

Time spent on recorded-	 -0.057	 0.334	 0.126	 0.032*	 -0.021	 0.718	 -0.084	 0.152

e-lecture study (hours/week)	

2nd Preclinical Year

GPA	 0.054	 0.346	 -0.060	 0.294	 -0.004	 0.939	 -0.052	 0.362

Percentile GPA	 0.028	 0.625	 -0.036	 0.535	 0.008	 0.890	 -0.062	 0.281

Time spent on non-recorded-	 0.092	 0.107	 -0.035	 0.541	 0.160	 0.005**	 0.010	 0.866

e-lecture study (hours/week)	

Time spent on recorded-	 -0.029	 0.609	 0.058	 0.313	 -0.012	 0.839	 -0.113	 0.048*

e-lecture study (hours/week)	

*p<0.05, **p<0.01; R=correlation coefficient

Preclinic1 is shown in Table 4. The factor that significantly 
contributed to students’ GPA in Preclinic1 was the V 
score (R=0.134, p<0.05; Table 4).

DISCUSSION
	 This study determined the VARK learning style of 
students in two consecutive years and the changes in 
their learning preferences from Preclinic1 to Preclinic2 
associated with their academic performance and stress 
levels, to reveal factors associated with the change. To 
the best of our knowledge, this is the first follow-up study 
that compared factors between students who changed 
and did not change their learning preferences in two 
preclinical years.
	 With regard to the distribution of the VARK learning 

style, most students were multimodal learners (60-75% 
in Preclinic1 and Preclinic2), while the rest of them were 
unimodal learners. Our results were consistent with 
previous studies showing that the majority of students’ 
learning preferences were multimodal.9,17-22

	 When observing only the unimodal preferences, 
the dominant learning module was K in Preclinic1 but 
was A in Preclinic2. In Preclinic1, students needed to 
study content together with practical sessions including 
preclinical knowledge, cadaver dissection, and laboratory 
studies. These kinds of studies might be suitable for the 
K module.
	 By contrast, in Preclinic2, there were much more 
subjects, types of content, and clinical case scenarios with 
many more hours of lectures compared with the previous 
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year. These study modes might be more effective with 
the A learning preference as A students like to learn via 
lectures and discussions.4 These findings support that 
students might change their learning preferences to fit 
the learning environments they experience. However, 
quadrimodal preference is the majority of students’ 
learning preferences in both years, indicating that to 
handle vast medical content in preclinical years, the 
combination of multiple modes of learning might be 
needed.
	 There were tremendous changes in the VARK 
learning preferences (around 70%) from Preclinic1 
to Preclinic2, which probably might be because the 
learning they used in Preclinic1 did not fit with the new 
learning environments. However, around 30% of these 
students did not change their learning styles. The most 
preferred learning styles of the students who had the 
same learning preferences from Preclinic1 to Preclinic2 
was quadrimodal (51/98, 52%). These results emphasize 
what we mentioned earlier that multiple skills are needed 
to study in preclinical years in accordance with previous 
studies.14,23,24 Furthermore, A learning preference was the 
second highest retained learning styles, which might be 
because the A module matches the learning environments 
of Preclinic2 as previously mentioned.
	 When comparing the no-change group with the 
change group, the no-change group had higher GPA 
and percentile of GPA than the change group in both 
preclinical years. Furthermore, GPA of students in the 
no-change group was comparable between Preclinic1 and 
Preclinic2, while that of students in the change group was 
significantly lower in Preclinic2 compared with Preclinic1. 
In addition, percentage of achievement of study targets 
was comparable between Preclinic1 and Preclinic2 in the 
no-change group, but this factor was lower in Preclinic2 
compared with Preclinic1 in the change group. These 
results suggest that students who did not change their 
learning preferences had better academic outcomes and 
academic performance on reaching their study goals 

than students who changed their learning preferences. A 
better academic outcome in the no-change group might 
be explained by the supporting evidence showing that the 
achievement of study targets was positively associated 
with academic performance.16,25,26

	 We hypothesized that students who did not change 
their learning styles had been practicing their skills to 
the level of high proficiency letting them be skillful in 
what they used to learn. Therefore, when they used the 
same skill day by day, they could effectively learn with 
less effort. By contrast, students who changed their 
learning preferences could not learn effectively because 
the previous learning styles did not suit new learning 
environments or did not help them reach academic 
performance at their level of expectation or satisfaction. 
Nevertheless, these students had to practice their new 
learning styles causing less competency or efficiency 
leading to less achievement of their study targets and 
academic outcomes. Therefore, students who found their 
compatible learning preferences and kept practicing the 
skills to the master level could maintain their academic 
performance.
	 Interestingly, stress levels of the no-change group 
were not different between Preclinic1 and Preclinic2; 
however, those of the change group were lower in Preclinic2 
compared with Preclinic1. These results suggest that the 
students in the change groups felt less stress when they 
changed to the new learning styles. Even though these 
changes did not improve their academic performance, 
these students might be more comfortable using new 
learning preferences leading to reduced stress. 
	 For the mean of each VARK score, the K score was 
highest in Preclinic1 followed by V, A, and R, respectively. 
While in Preclinic2, the V score was highest followed 
by K, A, and R, respectively. Interestingly, the mean R 
score was lowest in both preclinical years. Our results in 
Preclinic1 were in accordance with a previous study on 
the first-year preclinical students from Nepal and India 
showing that the K score was highest and the R score 

TABLE 4. Multivariate regression analysis of GPA of students in the first preclinical year.

Factor	 R	 R2	 P value	 	 Coefficient	 Standard	 T value	 P value

						      Error

GPA	 0.134	 0.018	 0.025*
	 (Constant)	 3.433	 0.052	 65.528	 <0.001***

				    Visual score	 0.021	 0.009	 2.250	   0.025*

*p<0.05, ***p<0.001
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was lowest.22,27 The possible explanation of why the R 
score was lowest might be because reading and writing 
skills are not natural for humans.28 Reading and writing, 
unlike other skills, are developed because human brain 
is not naturally wired to read and write.28

	 The V score was positively correlated with academic 
outcomes including GPA, percentile of GPA, and scores 
of gross anatomy 1, gross anatomy 2, neuroanatomy, 
embryology, histology, and biochemistry in Preclinic1. 
As the V score is related to figures, pictures, and what 
students can see,5 it is not surprising that the V score 
was associated with anatomy-related subjects similarly 
to a previous study.14 In regression analysis, the V score 
was the only score that was positively associated with 
GPA. This might be because it was positively correlated 
with the scores of many subjects in Preclinic1; thus, 
students who had high V score might get a better GPA 
in the academic year.
	 The A score was positively correlated with time spent 
on the recorded-e-lecture study in Preclinic1. Recorded-
e-lecture was provided to students after class, and they 
could access this material format any time. Students 
who were A learners might get along well with a lesson 
review with repeated lectures letting them spend more 
time on the record-e-lecture study.
	 The R score was positively correlated with time spent 
on the non-recorded-e-lecture study in both preclinical 
years. The non-recorded-e-lecture study refers to a study 
using other materials, including text, books, notes, and 
interactive materials, rather than recorded-e-lecture. 
Therefore, these similar results found in both preclinical 
years reflect that students with a higher R score might 
spend a higher amount of time on other materials rather 
than recorded-e-lecture.
	 The K score was negatively correlated with time 
spent on the recorded-e-lecture study in Preclinic2. As 
the K learning preference is related to practicing and 
real hands-on experiences,4 students with a high K score 
might be less satisfied with a lesson review by recorded-
e-lecture.

CONCLUSION
	 Most students were multimodal learners in Preclinic1 
and Preclinic2. The highest mean VARK score was K in 
Preclinic1 and V in Preclinic2. Around 70% of students 
changed their VARK learning styles from Preclinic1 to 
Preclinic2. Students who changed their learning preferences 
had less stress but lower academic performance than 
students who did not. Mean V score was positively 
but weakly associated with academic scores and could 
slightly contribute to students’ GPA in Preclinic1. “A” 

score had a weakly positive correlation with time spent 
on the recorded e-lecture study in Preclinic1 while "R" 
score had weakly positive correlations with time spent 
on the non-recorded e-lecture study reflecting that the 
designated VARK preferences corresponded with their 
preferable learning materials of choices.

Limitations
	 Stress levels of students were self-reported and not 
measured with standardized questionnaires; therefore, 
this information might not be validated. Furthermore, 
data on achievement of study targets, time spent on the 
non-recorded-e-lecture study, and time spent on the 
recorded-e-lecture study were also self-reported, which 
could probably demonstrate students’ estimation, not 
the exact numbers. The results from this study could not 
determine a cause-and-effect relationship. Accordingly, the 
explanation of our observation was made from gathering 
knowledge/principles/theoretical concepts/results from 
previous research.
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ABSTRACT
Objective: This research aimed to compare the incidence of ventilator-associated pneumonia (VAP) and ventilator 
circuit costs among patients using disposable ventilator circuits and patients using non-disposable ventilator circuits. 
Materials and Methods: Observational research was performed consisting of the following: A retrospective chart review 
of a group of patients who used non-disposable circuits (n=193) and a prospective cohort study of a group of patients 
using disposable circuits (n=166). The sample was purposively selected based on the following inclusion criteria: patients 
aged 18 years old and over who were admitted to the Respiratory Care Unit, Siriraj Hospital and ventilated >48 h.  
Results: VAP incidence in the group non-disposable circuits was 10.41/1,000 ventilator days (n=27, 13.8%) and 10.82 
/1,000 ventilator days (n=24, 14.4%) in the group disposable circuits (p=0.871). According to the data analysis using 
the U-control chart, no statistically significant differences were found. The unit cost of the non-disposable circuit was 
lower than that of the disposable circuit (THB 295.94), while the work unit personnel satisfaction toward working with 
disposable circuits was at a good level (Mean=3.83) and medium level (Mean=3.12) in non-disposable circuits (p=0.002). 
Conclusion: The type of ventilator circuits had no effects on VAP rate. The unit cost of non-disposable circuits 
was lower than that of disposable circuits, while the work unit personnel had a higher satisfaction working with 
disposable circuits than non-disposable circuits.
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INTRODUCTION
	 Ventilator-associated pneumonia (VAP) is pneumonia 
occurring at least 48 h after intubation and ventilation 
or within 48 h after extubation. The diagnostic criteria 
and clinical symptoms are used for its diagnosis.1,2 VAP 
is well known as a major hospital infection correlated 
with the time on ventilators, length of stay, mortality rate, 

and higher costs. One US study reported that treatment 
expenses were USD 25,000–28,000 higher per patient with 
VAP5, while the mortality rate in connection with VAP 
was 5%–65%, depending on the patients’ condition.3,4  
VAP incidence in intensive care units (ICUs), where 
most patients use ventilators, has been reported to range 
from 8%–28%5,6, or 13–51/1,000 ventilator days.7 The 
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Respiratory Care Unit (RCU), Department of Medicine, 
Siriraj Hospital, provides care for patients with respiratory 
failure, unstable blood circulation, respiratory infections, 
air-borne infections, difficulty weaning from ventilators 
and severe complications from diagnostic procedures and 
treatment of respiratory illnesses. The VAP incidence rate 
was 0–16.9/1,000 ventilator days in 2018 and 0–27.2/1,000 
ventilator days in 2019.8 In addition to affecting patients’ 
health and costs, the problem increases hospital and staff 
workloads, with more complex care and treatment needed 
for the prevention of infections, which then translates 
into increased hospital expenses and costs.
	 The etiology of VAP is attributed to obstructions to 
natural bacteria and mucus disposal mechanisms during 
intubation, while the formation of bacterial microfilms 
around the endotracheal tube (ETT) causes choking 
from secretions that accumulate above the balloon. In 
addition, the positive pressure from ventilators enables 
germs to easily enter the lower respiratory tract. This 
is facilitated by differences in immunity and VAP risk 
factors in each patient.9,10 Many factors contribute to 
VAP, including patient factors and factors related to 
the examination and treatment procedures, such as the 
patient’s age, disease severity, immunodeficiency, the 
use of proton-pump inhibitors, the use of narcotics or 
neuromuscular blocking agents, previous antibiotic exposure, 
emergency intubation, re-intubation, bronchoscopy, and 
contaminated medical equipment, such as nebulizers 
and ventilator circuits.9,11,12 In the RCU, used ventilator 
circuits are sterilized before use by the next patient. 
However, if the cleaning and disinfection processes 
are performed inadequately, infections can break out 
among patients. According to a study conducted by Li 
et al. compared the rates of bacterial contamination in 
non-disposable and disposable ventilator circuits, and 
found the bacterial infection rates in the group using 
non-disposable ventilator circuits were higher than 
in the group using disposable ventilator circuits, with 
statistical significance (94.8% and 81.9% p < 0.01).13 In 
Thailand, Srisan et al. conducted a study to compare 
the VAP incidence rates among pediatric patients on 
non-disposable and disposable ventilator circuits, and 
found the VAP incidence rates were not statistically 
significantly different (20.53 and 30.77/1,000 ventilator 
days, p = 0.24). Regarding the treatment agency expenses, 
however, the group using disposable ventilator circuits 
had higher costs.14 Apart from the major health issues 
caused by VAP incidence, hospital costs and expenses, 
workloads, and infection risks to the staff involved in 
preparing ventilator circuits are also important. Although 
trends in the findings from previous studies have shown 

that the use of disposable or non-disposable ventilator 
circuits have no effect on VAP incidence, differences in 
the patients’ condition, environment, care standards, 
and ventilator circuit cleaning guidelines may cause the 
results to be different. Consequently, the present research 
was conducted to compare the effects from using non-
disposable ventilator circuits to the effects from using 
disposable ventilator circuits in the RCU in terms of 
VAP incidence, agency costs, and staff satisfaction with 
the aim to ensure that the existing resources can be used 
cost-effectively with the highest benefit. Furthermore, this 
study was conducted with the aim of creating evidence-
based practices that can be used by other institutions. 

MATERIALS AND METHODS
	 This observational study was conducted at Siriraj 
Hospital in Bangkok, Thailand. The Institutional Review 
Board of the Faculty of Medicine Siriraj Hospital, approved 
the study protocol (COA no. Si 136/2020). The research 
involved a study of the variances of VAP incidence. 
The population studied was the number of days on 
ventilators and the incidence of VAP. VAP was diagnozed 
by using the criteria of the Centers for Disease Control 
and Prevention.1 VAP means pneumonia in patients 
who had been on ventilatures for more than two days. 
Diagnostic crteria and clinical symptoms consisted of 
chest x-ray images with new or additional infiltrations 
and at least two of the following three factors: (1) fever > 
38°C or temperature below 36°C; (2) leukopenia (≤ 4,000 
WBC/mm3) or leukocytosis (≥ 12,000 WBC/mm3); and 
(3) sputum containing pus or changing characteristics, 
higher volume or difficulty breathing. The patients who 
participated in the study had to meet the following 
inclusion criteria: (1) patients were intubated or on 
tracheostomy; (2) patients were on ventilators for at least 
48 h; (3) patients were aged 18 years old and over; and (4) 
patients consented to participate in the research project. 
The exclusion criteria consisted of one of the following 
criteria: (1) patients were pregnant; and (2) patients 
were on ventilators for less than 48 h. The sample size 
calculation criteria of the American Society of Testing and 
Materials were used. The criteria specified a minimum 
sample size of more than or equal to 1/U bar and the 
appropriate sample size was 4/U bar (U bar or average 
VAP incidence/1,000 ventilator days). In this study, the 
sample size was calculated by using the VAP incidence 
rate in the period January 2018 to December 2018 of 
10.8/1,000 ventilator days. Therefore, the appropriate 
sample size per dataset was 1/0.0108–4/0.0108 or 93–370 
ventilator days. For the U-control chart to be able to 
compare and display VAP incidence variances with 
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quality, at least 15 datasets were needed per group. In 
this study, the sample was divided into the following 
two groups: (1) A group using non-disposable ventilator 
circuits (Hamilton). The data of this group were collected 
retrospectively in the period October 2018 to December 
2019 for a total of 15 datasets. In this group, 235 patients 
used ventilators and 192 patients met the inclusion 
criteria; (2) A group using disposable ventilator circuits 
(Fisher & Paykel, model RT 380). Due to the COVID-19 
situation, the number of ventilator days was less than 
93 days in certain months, causing the data from two 
months to be merged into one data set. In this group, 
the data were collected for 17 months between June 2020 
and October 2021 (15 datasets). This group had a total of 
201 patients who were on ventilators with 166 patients 
who met the inclusion criteria, 148 patients who were on 
ventilators and used non-disposable ventilator circuits 
before changing to use disposable ventilator circuits 
after joining the research project and 18 patients who 
began using ventilators in the RCU by using disposable 
ventilator circuits from the start. 

Data collection
	 In the data collection, the patients’ medical records 
were used to collect the data retrospectively in the group 
using non-disposable ventilators, while letters were 
prepared for the patients or their representatives to 
sign and grant consent to participate in the study before 
collecting data from the group using disposable ventilators. 
The researcher then began using the case record form to 
collect data on the patients’ demographics, co-morbidities, 
APACHE II scores, ventilator indications, VAP risk factors, 
number of ventilator days, length of hospitalization, ICU 
mortality, 30-day mortality, survival past one month 
after transfer from the ICU, hospital charges, and use 
of antibiotics. Data on the ventilator circuit costs were 
collected by calculating the equipment prices, depreciation, 
expendable equipment costs, gassing costs, infected waste 
disposal costs, and staff wages throughout the process to 
summarize the average cost per ventilator circuit. Data on 
staff satisfaction were collected by using the satisfaction 
assessment form to compare their satisfaction between 
working with disposable ventilators and non-disposable 
ventilators. Data were collected for comparison at the 
same time point at the end of the research project.

Statistics 
	 Fisher’s exact test was applied for the data analysis, 
with the data analyzed using the Minitab (U-control chart) 
program to assess the variances in VAP incidence. The 
SPSS program was used for the descriptive and comparison 

statistics, with p < 0.05 indicating statistical significance. 
The data analysis was as follows: (1) sample characteristics 
were reported by the mean scores, percentages, and 
standard deviation; differences were compared using 
t-test statistics in the case of quantitative data, while chi-
square statistics were used for the qualitative data; (2) 
clinical outcomes were reported as median scores and 
differences were compared using the Mann–Whitney 
U-test. Data on the length of hospitalization, length of 
stay in the ICU, number of ventilator days, expenses from 
the hospitalization and antibiotics, clinical outcomes 
in terms of the number of patients with VAP and the 
treatment outcomes before transfer from the ICU were 
reported using percentages, while the differences were 
compared using chi-square test statistics, Kaplan-Meier 
survival rate analysis by using the log-rank test, analysis 
of factors with effects on the hazard ratio according 
to the Cox Regression Model and the VAP incidence 
fluctuation assessment control graph; (3) staff satisfaction 
was reported by percentages, mean scores, and standard 
deviation, while differences were compared using paired 
sample test statistics and Fisher’s exact test. 

RESULTS
	 In this study, 358 participants were enrolled divided 
into two groups: the non-disposable ventilator circuits 
group, comprising 192 patients who used non-disposable 
ventilator circuits (53.6%) for a combined 2,527 ventilator 
days, and the disposable ventilator circuits group, 
comprising 166 patients who used disposable ventilator 
circuits (46.4%) for a combined 2,354 ventilator days. 
The demographic data of both groups were similar. 
Most of the study cohort were males, aged over 60 years 
old and had co-morbidities. The illness severity was 
assessed based on APACHE II scores. The patients in 
the disposable ventilator circuits group had lower scores 
than the patients in the non-disposable ventilator circuits 
group (p = 0.007). As a co-morbidity, chronic lung disease 
was higher in the group using disposable circuits than 
the group using non-disposable circuits (p = 0.02). The 
other co-morbidities showed no statistically significant 
difference. The main cause of respiratory failure was 
pneumonia. The risk of VAP from receiving proton-
pump inhibitors was the only risk factor in the group 
using disposable ventilator circuits that was lower than 
in the group using non-disposable ventilator circuits  
(p = 0.001). Other aspects, such as antibiotics, sedatives 
and re-intubation, were not statistically significantly 
different (Table 1).
	 As for clinical outcomes, VAP incidence was reported 
at 51 episodes divided into 27 episodes in the group 
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TABLE 1. Patient characteristics.

Patient data	 Non-disposable	 Disposable

(n = 358)		  (n = 192)	 (n = 166)	
P

Male, n (%)	 120 (62.5)	 100 (60.2)	 .661

Age (years) (mean ± SD)	 65.01 ± 17.16	 65.83 ± 16.03	 .642

BMI (mean ± SD)	 21.95 ± 6.09	 22.97 ± 6.70	 .130

APACHE II Score (mean ± SD)	 24.13 ± 7.16	 22.01 ± 7.50	 .007*

Co-morbidities, n (%)	 178 (92.7)	 157 (94.6)	 .472

	 Hypertension	 94 (49.0)	 92 (55.4)	

	 Chronic Lung Disease	 67 (34.9)	 78 (47.0)	

	 Cardiovascular Disease	 52 (27.1)	 46 (27.7)	

	 Chronic Renal Failure	 46 (24.0)	 33 (19.9)	

	 Diabetes	 44 (22.9)	 52 (31.3)	

	 Cancer	 44 (22.9)	 32 (19.3)	

	 Stroke	 27 (14.1)	 20 (12.0)	

	 Connective Tissue	 21 (10.9)	 12 (7.2)	

	 Other	 27 (14.1)	 23 (13.8)	

Cause of Intubation, n (%)			 

	 Pneumonia	 81 (42.2)	 82 (49.4)	 .172

	 Obstructive Airway Disease	 23 (12.0)	 13 (7.8)	 .193

	 ARDS	 20 (10.4)	 13 (7.8)	 .399

	 Heart Failure	 10 (5.2)	 9 (5.4)	 .928

	 Alteration of Consciousness	 8 (4.2)	 11 (6.6)	 .301

	 Cardiac Arrest	 8 (4.2)	 5 (3.0)	 .560

	 Aspiration	 7 (3.6)	 8 (4.8)	 .581

	 Septicemia	 7 (3.6)	 4 (2.4)	 .499

Risk of VAP Incidence9,11,12, n (%)			 

	 Proton-pump Inhibitors	 190 (99.0)	 152 (91.6)	 .001*

	 Previous Antibiotic Exposure	 183 (95.3)	 157 (94.6)	 .751

	 Sedative	 148 (77.1)	 126 (75.9)	 .793

	 Re-intubation	 37 (19.3)	 24 (14.5)	 .227

*Statistical significance 
Abbreviations: BMI = Body mass index, APACHE II = Acute physiology and chronic health evaluation II, ARDS = acute respiratory distress 
syndrome

using non-disposable ventilator circuits (13.8%) with a 
VAP incidence rate of 10.68/1,000 ventilator days versus 
24 episodes in the group using disposable ventilator 
circuits (14.4%) with a VAP incidence rate of 10.19/1,000 
ventilator days, which showed no statistically significant 
difference (p=0.87). A survival rate analysis by Kaplan-
Meier using the log-rank test found the time to a VAP 
event of non-disposable ventilator circuits to be 52 days 

(95%CI: 35.91-68.09), while the time for patients with 
disposable ventilator circuits was 85 days (95%CI: 57.37-
112.63), which had no statistical significance (p=0.256). 
An analysis of factors with effects on the Hazard ratio 
according to the Cox Regression Model found disposable 
ventilator circuits to reduce VAP incidence by 0.72 
times (HR 0.72, 95%CI: 0.407-1.274), which similarly 
had no statistical significance (p=0.259). Other outcome 
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aspects, such as the length of hospitalization, length of 
stay in the ICU, and number of ventilator days, were 
also not statistically significantly different. In addition, 
the outcomes before transfer from the ICU to other 
wards, discharge, deaths, referrals to other hospitals, and 
survival at one month after leaving the ICU were also not 
statistically significantly different (Table 2). According 
to the culturing results, the main causes of VAP were 
Carbapenem-resistant Acinetobacter baumannii (47%), 
Carbapenem-susceptible Pseudomonas aeruginosa (13.7%), 
Carbapenem-susceptible Acinetobacter baumannii (9.8%) 

Fig 1. U-control chart of VAP 
incidence in patients using non-
disposable ventilator circuits and 
patients using disposable ventilator 
circuits. The arrow indicates the 
change in patient group.

and Gram-negative bacteria (9.8%).
	 When the U-control chart was used to assess variances 
in VAP incidence, the data for both the upper control 
limit (UCL) and the lower control limit (LCL) had normal 
distributions within a common cause variable, meaning 
the infections were considered to have been continual 
without special causes. Therefore, the VAP incidence in 
patients using non-disposable and disposable ventilator 
circuits were not statistically significantly different  
(Fig 1).
	 In terms of the average cost of the ventilator circuits 

TABLE 2. Ventilator-related and Clinical outcomes.

Outcome		 Non-disposable	 Disposable

			   (n = 192)	 (n = 166)	
P

VAP case, n (%)	 27 (13.8)	 24 (14.4)	 .871

Length of Hospitalization (days)*	 32 (16.5–49)	 37 (15–59)	 .240

Length of Stay in ICU (days)*	 13 (7–23)	 14 (8–31)	 .121

Ventilator Days (days)*	 8 (4–13)	 9 (5–18)	 .208

Discharge Status, n (%)			 

	 Transfer	 111 (57.8)	 82 (49.4)	 .330

	 Death	 56 (29.2)	 53 (31.9)	 .330

	 Discharge	 18 (9.4)	 24 (14.5)	 .330

	 Transferred Hospital	 7 (3.6)	 7 (4.2)	 .330

Alive at 1 month after leaving the ICU, n (%)	 104 (55.6)	 98 (59.4)	 .474

* Median (interquartile range)
Abbreviation: VAP = Ventilator-associated pneumonia
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in one round of change for one month, after calculations 
based on the activity and time, the non-disposable ventilator 
circuits were found to have an average cost of THB 
1,863.56, while the disposable ventilator circuits were 
found to have an average cost of THB 2,159.5, meaning 
the average cost of the non-disposable ventilator circuits 
was on average THB 295.94 lower (Table 3). In terms 
of the overall expenses from the hospitalization and 
antibiotics use in patients who had VAP and patients 
who did not have VAP, the patients who had VAP had 
higher overall hospitalization and antibiotic expenses 
than the patients who did not have VAP (p < 0.00).
	 Next, we assessed the satisfaction among the 42 staff 
members in the hospital work unit toward the ventilator 
circuits. The work unit personnel consisted of 34 nurses 
(81%) and 8 nurse assistants (19%) with a mean age  
(mean ±SD) of 37 ± 10 years old, and work experience of  
<5 years (5 personnel or 11.9%), 5–10 years (14 personnel 
or 33.3%), or >10 years (23 personnel or 54.8%). In terms of 

their satisfaction toward ventilator circuits, they expressed 
a medium level of satisfaction toward non-disposable 
ventilator circuits in every question item, but a good level 
of satisfaction toward disposable ventilator circuits in 
most questions, with only the question on the amount 
of fluids remaining in the ventilator circuits showing a 
medium level of satisfaction (Table 4). However, when 
the work unit personnel were asked for their opinions 
regarding “if the work unit were to implement a policy 
to change disposable ventilator circuits”, most of the 
personnel approved (33 personnel or 78.6%) while a 
minority disapproved (9 personnel or 21.4%), but without 
a statistically significant difference (p = 0.168). However, 
when the opinions of the nurses were separated from 
the nurse assistants, it was found that 25 nurses (73.5%) 
approved and 9 nurses disapproved (26.5%) with this 
change scenario, while every nurse assistant approved 
(8 personnel or 100%). 

TABLE 3. Ventilator circuits related cost per set.

TABLE 4. Satisfaction of the personnel with non-disposable and disposable ventilator circuits.

Cost/set (THB)	 Non-disposable	 Disposable

Cost per set	 694.44	 2,124

	 Labor cost	 250.69	 35.5

	 Maintenance cost	 918.43	 0

Total Cost per set	 1,863.56	 2,159.5

calculated from the costs in 1 month

			   Level of satisfaction (Mean)

Question topics	 Non-disposable	 Disposable	 P-value

Convenience in assembling 	 Medium (2.88)	 Good (4.41)	 <.000*

Time spent assembling 	 Medium (2.88)	 Good (4.07)	 <.000*

Preparatory testing before use	 Medium (3.46)	 Good (3.98)	 .001*

Flexibility during nursing care	 Medium (3.50)	 Good (3.90)	 .061

Circuit weight, tension	 Medium (2.98)	 Good (3.81)	 .005*

Condensate fluids in the ventilator circuits	 Medium (3.43)	 Medium (3.14)	 .279

Removal of the ventilator circuits after use	 Medium (2.86)	 Good (4.33)	 <.000*

Total satisfaction	 Medium (3.12)	 Good (3.83)	 .002*

*Statistically significant
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DISCUSSION
	 The findings indicated that use of non-disposable 
versus disposable ventilator circuits had no effect on VAP 
incidence. This was consistent with a study conducted by 
Srisan among pediatric children.14 Furthermore, another 
study found the bacterial contamination of used ventilator 
circuits to not be correlated with VAP incidence.13,15 The 
findings support the evidence-based practice whereby 
ventilator circuits should not be frequently replaced 
without appropriate indicators.16

	 The VAP incidence rates in the group using non-
disposable ventilator circuits and the group using disposable 
ventilator circuits were 10.68 and 10.19 per 1,000 ventilator 
days, respectively. This finding corresponded with the 
mean VAP incidence rate of the RCU in 2018, which 
was 10 per 1,000 ventilator days.8 The findings from 
this study are also consistent with the findings of most 
previous studies, which found hospitalization expenses 
and antibiotic expenses in patients who had VAP to 
be higher than in patients without VAP.17,18 Therefore, 
finding preventive measures is important. VAP prevention 
guidelines consist of the following three main guidelines: 
(1) guidelines for preventing and controlling hospital 
infections, such as providing instructions for staff on 
infection prevention, proper hand washing, and on the 
appropriate number of personnel; (2) guidelines for 
reducing bacterial growth, such as washing hands before 
contact with patients and keeping the environment clean, 
proper antibiotic use, the provision of proton-pump 
inhibitors based on necessity, oral cavity cleaning, In 
addition to reducing complications from mechanical 
ventilation, weaning from ventilators as soon as possible 
also reduces expenses in other areas19; and (3) guidelines 
for reducing aspiration, such as by positioning patients’ 
heads to be at a 30–45 degree angle, controlling the 
intra-cuff pressure of ETT at 25–30 cmH2O, suctioning 
saliva before suctioning in ETT, assessing the amount 
of gastric content, preventing condensate fluids from 
entering patients, and not changing the ventilator circuits 
more than every seven days.9,12 Many institutions have 
developed guidelines from evidence-based practices and 
found the aforementioned practices to be able to reduce 
the incidence of VAP. The researcher’s own agency 
implemented “guidelines for preventing ventilator-
associated pneumonia in adults” from Siriraj Hospital 
or the WHAP-C Bundle in every patient who was on a 
ventilator. The guidelines covered the topics: (1) weaning 
patients off ventilators; (2) hygienic hand washing; (3) 
aspiration precautions; (4) contamination prevention; 
and (5) chest physiotherapy. Furthermore, discipline was 
constantly monitored in terms of compliance with the 

guidelines. Thus, both the study groups in the present 
research received care under the same standards. However, 
because VAP occurs due to multiple causes, including 
external and personal factors, including accuracy and 
consistency of compliance with preventive guidelines, 
VAP remains a major problem requiring further study 
and correction.20-22

	 According to the present study, the use of disposable 
ventilator circuits may be unable to reduce VAP incidence 
and the costs were higher than for non-disposable 
ventilator circuits. Therefore, in changing from using 
non-disposable ventilator circuits to using disposable 
ventilator circuits, treatment agencies must consider 
cost-efficiency in every area. In the present study, the job 
descriptions of the assistant nurses included preparing 
ventilators. From monitoring the work unit personnel, 
it was found that the ventilator preparation process took 
3–4 h. In addition to the risk of personnel infection from 
contaminated ventilator circuits, during this time, the 
work unit lost one nurse assistant who provided care for 
patients. This was evident in the findings reflecting the 
opinions of the nurse assistants, all of whom approved 
changing to disposable ventilator circuits. Furthermore, 
most nursing personnel and nurse assistants were more 
satisfied with working with disposable ventilator circuits 
than non-disposable ventilator circuits, with statistical 
significance, except on the question of flexibility during 
nursing care and the issue of condensate fluids remaining 
in the circuits, which were not statistically significantly 
different. This can be explained by understanding that 
even though the disposable dual heated-wire circuits 
had properties that reduced the fluids remaining in 
the circuits, poor temperature control in patient wards 
and the nurses connecting unheated flexible lines from 
the Y-piece of the ventilators before connecting to the 
ventilator tubes for convenience when working with 
patients who had a tracheostomy or were in a prone 
position caused the temperature control efficiency to 
be poor, leading to more condensate fluids remaining 
in the circuits. Moreover, the type of circuit used by our 
patients had no water trap, causing difficulties in pouring 
water from the ventilator circuit and inflexibility during 
nursing care, which represented disadvantages of the 
circuits and change recommendations from the main 
personnel. However, disposable ventilator circuits are 
widely used in developed countries and private hospitals 
due to their convenience, reduced likelihood of infection 
among personnel, and higher cost tolerance, such as for 
higher personnel wages, when compared with developing 
countries or state-owned hospitals.14 However, recently, 
Siriraj Hospital started to use disposable ventilator 
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circuits with COVID-19 patients to prevent personnel 
infections. Many different types of disposable ventilator 
circuits are available with differences in terms of the price 
and their properties. The circuits used in the present 
study were disposable dual heated-wire circuits with 
the ability to control temperature, provide humidity 
during inhalation and exhalation, prevent secretion 
obstructions and condensate fluids collecting in the 
circuits. However, according to the present study, the 
average cost of the disposable ventilator circuits used 
in the study was higher than for the non-disposable 
ventilator circuits. Changing to other less expensive 
ventilator circuits with similar properties would reduce 
the costs of disposable ventilator circuits, which would 
benefit reducing the work unit’s costs without having a 
negative effect on patients while preventing infections 
among personnel during ventilator circuit preparation. 
The RCU of Siriraj Hospital recently changed to the use 
of disposable dual heated-wire ventilator circuits under 
the decision of the work unit’s leader, who recognizes the 
benefits, including the cost-efficiency and prevention of 
infection among personnel, e.g., during the COVID-19 
pandemic. However, the work unit is currently procuring 
disposable ventilator circuits of other types at lower 
prices with similar efficiency as replacements to achieve 
higher cost-efficiency in the future.

CONCLUSION 
	 Using non-disposable versus disposable ventilator 
circuits had no effects on VAP incidence. Although 
non-disposable ventilator circuits had lower costs than 
disposable ventilator circuits, most our work unit personnel 
were more satisfied with disposable circuits than non-
disposable circuits.
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Factors Associated with Cervical Cancer Screening 
Overuse and Underuse, and Attitude towards 
Human Papillomavirus Self-sampling among 
Hospital Staffs  

ABSTRACT
Objective: To investigate the rates of and factors associated with cervical cancer screening overuse and underuse, 
and the attitude towards human papillomavirus (HPV) self-sampling among hospital staffs.
Materials and Methods: This cross-sectional study included female hospital staff undergoing an annual health 
check-up. A questionnaire was used to collect sociodemographic characteristics, indication for cervical cancer 
screening, reasons for screening decision, and attitude toward HPV self-sampling. Screening overuse was defined as 
having cervical cancer screening without indication while screening underuse was having indication for screening 
but not receiving it.
Results: Among the 600 included participants, 220 and 380 women decided to screen and not to screen for cervical 
cancer, respectively. The prevalence of screening overuse and underuse was 11.8% and 33.0%, respectively. Multivariate 
analysis revealed age was associated with screening underuse (aOR: 1.06, 95% CI: 1.04-1.09; p<0.001), whereas 
married status was associated with screening overuse (aOR: 3.73, 95% CI: 2.05-6.79; p<0.001). The common reasons 
for screening were “add-on to annual health check-up” (93.2%), “fear of cancer” (84.1%), and “family/organizational 
support” (54.5%). The common reasons for not screening were “feeling healthy” (73.7%), “fear of pain” (58.7%), 
and “embarrassment” (57.1%). Most women (65.1%) expressed interest in screening via HPV self-sampling. 
Conclusion: Overuse and underuse of cervical cancer screening were common. An accurate information regarding 
screening indication should be provided and indication restriction should be implemented to a health system to 
avoid screening overuse. In addition, an encouragement should be enhanced to the target population to attend the 
screening program. 
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INTRODUCTION
	 Cervical cancer is the fourth most common cancer 
and the leading cause of cancer-related death among 

women worldwide.1 In Thailand, the age-standardized 
incidence (16.4%) and mortality (7.4%) rates are greater 
than the global rates. The global age-standardized incidence 
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and mortality rates were reported to be 13.3% and 7.3%, 
respectively.2 Cervical cancer screening is one of the 
most effective types of cancer screening as evidenced 
by a substantial decrease in the incidence and mortality 
rates of cervical cancer during the past few decades.3 
Although increased, cervical cancer screening coverage 
in Thailand increased from 46.3% in 2007 to only 59.7% 
in 2009.4 Low screening coverage is commonly found in 
less-educated, poor, young, unmarried, and non-Buddhist 
women.5 
	 Women that work in a hospital might be expected 
to have good knowledge about cervical cancer and good 
cervical cancer screening practices. These women are 
viewed as a reliable source of high-quality healthcare 
information, and as a role model that has the ability 
to inspire and encourage their friends and families to 
adopt and demonstrate good healthcare practices. This 
hypothesis, if it were found to be true, would results in 
increased cervical cancer screening coverage in general 
population. However and surprisingly, prior studies reported 
that only 20.7% of nurses have ever undergone cervical 
cancer screening.6 In Siriraj Hospital, a university-based 
national tertiary referral center, cytology-based cervical 
cancer screening is provided free of charge; however, the 
proportion of female hospital staff members that agree to 
undergo screening remains low. Our 5-year data showed 
that only 2.7-6.5% of all female hospital staff attended 
the center’s cervical cancer screening program. On the 
contrary, some women who repeat screening every year 
instead of every 2 years according to cervical cancer 
screening recommendation were observed.7 Yet, the data 
regarding screening overuse has never been collected 
and published. To better understand the cervical cancer 
screening attitudes and habits of female staff at our 
center, the aim of this study was to investigate the rates 
of, and factors associated with cervical cancer screening 
overuse and underuse, and the attitude towards human 
papillomavirus (HPV) cervical self-sampling among 
female hospital staff members at a single-center, university 
hospital. 

MATERIALS AND METHODS
Study design and study participants
	 This cross-sectional, questionnaire-based study was 
conducted at a single center, tertiary university hospital. 
Female hospital staff members who attended their annual 
health check-up during January 2020 to December 2020 
study period were invited to participate. Those unwilling 
to join the study were excluded. The protocol for this 
study was approved by local Institutional Review Board 
(COA no. Si 616/2019), and written informed consent was 

obtained from all study volunteers. The study protocol 
complied in all ways with the principles set forth in 
the 1964 Declaration of Helsinki and all its subsequent 
amendments. 

Study questionnaire 
	 The study questionnaire was created by the authors, 
after which it was reviewed and approved by local experts 
in gynecologic oncology. The questionnaire comprised the 
4 following parts: 1) sociodemographic characteristics, 
including age, marital status, education level, occupation, 
income, HPV vaccination status, and family history 
of cancer; 2) indication for cervical cancer screening, 
including age at first sexual intercourse and history of 
cervical cancer screening; 3) risk factors for or symptoms 
of cervical cancer, including first sexual intercourse 
at age ≤18 years, having given birth to three or more 
children, having multiple sexual partners, using oral 
combined contraceptive pills for longer than 5 years, 
cigarette smoke exposure, immunosuppressed status, 
and having abnormal vaginal bleeding or discharge; 
4) decision to undergo or not undergo cervical cancer 
screening, and the reason(s) for their decision; and, 5) 
attitude towards HPV self-sampling for cervical cancer 
screening. Following the Royal Thai College of Obstetricians 
and Gynaecologists (RTCOG) guideline, indication for 
cervical cancer screening in this study was satisfied if all 
the following criteria was met: 1) age 25 to <30 years and 
currently sexually active or age 30 years or older regardless 
of sexual activity, and 2) not having cervical cancer 
screening within the past 2 years.7 Screening underuse 
was defined as having the aforementioned indication 
for cervical cancer screening, but the screening had not 
been performed. Screening overused was defined as not 
having the indication for cervical cancer screening but 
the screening was performed. 

Study process
	 After the purpose of the study was fully explained, 
instructions were given, and written informed consent 
was obtained to join the study, the study volunteer was 
given the questionnaire to be completed. Any questions 
regarding the questionnaire were addressed until the 
study volunteers were clearly understood. Then, the 
study participants were asked if they wanted to undergo 
cervical cancer screening. Those women were further 
subdivided into the declined cervical cancer screening or 
decided for cervical cancer screening groups. Among the 
women scheduled for screening, data specific to who did 
and did not attend the scheduled screening appointment 
were collected. Reasons for declining screening and not 
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attending the scheduled screening visit were collected 
and analyzed. Screening result data were also collected 
and analyzed.

Statistical analysis
	 Descriptive statistics were used to summarize study 
participant data. Chi-square test or Fisher’s exact test was 
performed to compare differences in categorical variables, 
and those results are reported as frequency and percentage. 
Normally distributed continuous variables were compared 
using Student’s t-test, and the findings are reported as 
mean plus or minus standard deviation. Non-normally 
distributed continuous data were compared using Mann-
Whitney U test, and those results are given as median 
and interquartile range. Univariate and multivariate 
binary regression analysis was used to identify factors 
independently associated with the underuse or overuse 
of cervical cancer screening services. A p-value <0.05 was 
considered statistically significant for all tests. Statistical 
analyses were performed using IBM SPSS Statistics for 
Windows, Version 23.0. Armonk, NY: IBM Corp.

RESULTS
	 A total of 600 female hospital staff members were 
enrolled in this study. There were 220 women who decided 
to attend cervical cancer screening, and 380 women who 
decided not to do so (Fig 1). Of the 220 women who were 
scheduled for cervical cancer screening, 125 (56.8%) 
women showed up for screening at their appointed 

screening date and time. Taking the indication for cervical 
cancer screening into account, screening underuse was 
33% while screening overuse was 11.8%. Among women 
having screening overuse, 21 (29.6%) women were aged 
less than the screening recommendation, 54 (76%) women 
had negative screening within 2 years, and 30 (42.3%) 
women had both. 
	 Baseline sociodemographic and clinical characteristics 
of all study participants and compared between those 
who decided to and not to screen for cervical cancer are 
shown in Table 1. The comparative analysis between 
those two groups revealed a significant difference relative 
to age, marital status, occupation, and risk factors for 
cervical cancer. 
	 The reasons given for screening or not screening 
are given in Fig 2. Among those who decided to screen, 
the top three reasons were “add-on of cervical screening 
to annual health check-up program” (91.9-93.2%), “fear 
of cancer” (79.1-86.3%) and “family/organizational 
support”(54.1-58.9%) in all women, women without 
indication, and women without risk. For women who 
decided not to screen, the top three reasons for not 
doing so were “screening is not necessary because I am 
healthy” (73.7-74.4%), “fear of pain” (52.7-61.5%), and 
“embarrassment” (52.1-68.6%) in all women, women 
without indication, and women without risk
	 Table 2 and Table 3 shows the factors significantly 
and independently associated with screening overuse and 
screening underuse, respectively. Univariate analysis showed 

Fig 1. The flow of female staff members through the study.
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TABLE 1. Baseline sociodemographic and clinical characteristics of all study participants, and compared between 
those who decided to and not to screen for cervical cancer.

			   Decided not	 Decided to 

Characteristics	 All	 to screen 	 screen	 P-value

		
(N=600)

	 (n=380)	 (n=220)	

Age (years)	 34.5±9.3	 33±9.2	 37.2±9.0	 <0.001

Marital status				    <0.001

	 Single 	 393 (65.5%)	 295 (77.6%)	 98 (44.5%)

	 Married	 181 (30.2%)	 69 (18.2%)	 112 (51.0%)

	 Widowed/divorced/separated	 26 (4.3%)	 16 (4.2%)	 10 (4.5%)	

Level of education				    0.569

	 Secondary school	 20 (3.3%)	 11 (2.9%)	 9 (4.1%)

	 High school	 96 (16.0%)	 58 (15.3%)	 38 (17.3%)

	 Bachelor’s degree or higher	 484 (80.7%)	 311 (81.8%)	 173 (78.6%)	

Occupation				    <0.001

	 Doctor, dentist, nurse, or health scientist	 393 (65.5%)	 269 (70.8%)	 124 (56.4%)

	 Back office or others 	 207 (34.5%)	 111 (29.2%)	 96 (43.6%)	

Income (US dollar)				    0.482

	 ≤ 600	 111 (18.5%)	 68 (17.9%)	 43 (19.5%)

	 > 600-900	 300 (50.0%)	 198 (52.1%)	 102 (46.4%)

	 > 900	 189 (31.5%)	 114 (30.0%)	 75 (34.1%)	

Had HPV vaccination	 62 (10.3%)	  40 (10.5%)	 22 (10.0%)	 0.840

Family history of cancer	 163 (27.2%)	 106 (27.9%)	 57 (25.9%)	 0.600

Had risk for cervical cancer 	 280 (46.7%)	 146 (38.4%)	 134 (60.9%)	 <0.001

Median number of cervical cancer risks	 0 (0, 1)	 0 (0, 1)	 1 (0, 2)	 <0.001

Had indication for cervical cancer screening 	 252 (42.0%)	 156 (41.1%)	 96 (43.6%)	 0.537

Data are presented as mean plus/minus standard deviation, number and percentage, or median (P25, P75)
A p-value<0.05 indicates statistical significance
Abbreviation: HPV, human papillomavirus

Fig 2. Reasons given for attending or not attending cervical cancer screening.
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TABLE 2. Univariate and multivariate analysis to identify factors independently associated with overuse of cervical 
cancer screening.

TABLE 3. Univariate and multivariate analysis to identify factors independently associated with underuse of 
cervical cancer screening.

                 Factors	 N (%)	 OR	 P	 Adjusted OR	 P	
  			   (95%CI)		  (95%CI)	

Age		  1.03 (1.01-1.06)	 0.011		

Marital status
	 Single 	 29 (40.8)	 1		  1
	 Married	 39 (54.9)	 3.45 (2.05-5.79)	 <0.001	 3.73 (2.05-6.79)	 <0.001
	 Widowed/divorced/separated	 3 (4.2)	 1.64 (0.46-5.78)	 0.444	 1.77 (0.47-6.69)	 0.402

Level of education
	 Secondary school	 2 (2.8)	 1
	 High school	 8 (11.3)	 0.82 (0.16-4.18)	 0.809
 	 Bachelor’s degree or higher	 61 (85.9)	 1.30 (0.29-5.73)	 0.731		

Occupation
	 Doctor, dentist, nurse, and scientist	 37 (52.1)	 1
	 Back office or others 	 34 (47.9)	 1.89 (1.15-3.12)	 0.012		

Income (US dollar)
	 ≤ 600	 12 (16.9)	 1
	 > 600-900	 40 (56.3)	 1.27 (0.64-2.52)	 0.538
	 > 900	 19 (26.8)	 0.92 (0.43-1.98)	 0.835		

Had HPV vaccination	 10 (14.1)	 1.50 (0.73-3.11)	 0.272		

Family history of cancer	 15 (21.1)	 0.69 (0.38-1.26)	 0.225		

Number of risk factors for cervical cancer		  1.15 (0.90-1.47)	 0.256		

               Factors	 N (%)	 OR	 P	      Adjusted OR	 P
			   (95%CI)		  (95%CI)	

Age		  1.06 (1.04-1.08)	 <0.001	 1.06 (1.04-1.09)	 <0.001

Marital status
	 Single 	 118 (59.6)	 1	
	 Married	 64 (32.3)	 1.28 (0.88-1.85)	 0.202
	 Widowed/divorced/separated	 16 (8.1)	 3.73 (1.64-8.46)	 0.002		

Level of education
	 Secondary school	 8 (4)	 1
	 High school	 30 (15.2)	 0.68 (0.25-1.84)	 0.450
	 Bachelor’s degree or higher	 160 (80.8)	 0.74 (0.30-1.85)	 0.520		

Occupation
	 Doctor, dentist, nurse, and scientist	 132 (66.7)	 1	
	 Back office or others 	 66 (33.3)	 0.93 (0.65-1.33)	 0.673

Income (US dollar)
	 ≤ 600	 35 (17.7)	 1
	 > 600-900	 78 (39.4)	 0.76 (0.47-1.23)	 0.266
	 > 900	 85 (42.9)	 1.78 (1.09-2.90)	 0.022		

Had HPV vaccination	 13 (6.6)	 0.51 (0.27-0.96)	 0.036		

Family history of cancer	 59 (29.8)	 1.22 (0.83-1.77)	 0.310		

Number of risk factors for cervical cancer		  0.95 (0.79-1.14)	 0.580		

Laowjan et al.



Volume 75, No.3: 2023 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 205

Original Article SMJ
age, married status, and back-office staff or others to be 
significantly associated with screening overuse. That same 
analysis demonstrated age, widowed/divorced/separated 
status, and income > 900 US dollar to be significantly 
associated with screening underuse. Multivariate analysis 
revealed age (aOR: 1.06, 95%CI: 1.04-1.09; p<0.001) to be 
independent predictors of screening underuse, whereas 
married status was found to associate with screening 
overuse (aOR: 3.73, 95%CI: 2.05-6.79; p<0.001).
	 Regarding the attitude of the hospital staff towards 
HPV self-sampling for cervical cancer screening, 391 of 
600 women (65.1%) reported being interested in this 
screening method. The percentages of women interested 
in HPV self-sampling were similar between women who 
decided to screen (64.5%) and women who decided not 
to screen (65.5%). 
	 Of 125 women undergoing cervical cancer screening, 
2 (1.6%) women had abnormal cervical cytology. Yet, no 
cervical intraepithelial neoplasia or more severe lesions 
presented in this cohort. Among those who did not show 
up for their scheduled screening appointment, the most 
common reasons given were inconvenience (57.9%), 
having menstrual period (15.8%), and plan to seek or 
already had cervical screening elsewhere (6.3%).

DISCUSSION
Screening overuse
	 In the present study, 71 (11.8%) women decided to 
undergo cervical cancer screening despite the fact that 
they were not clinically indicated to do so. Among this 
group, 76% had negative screening within 2 years, 29.6% 
were aged less than the screening recommendation, and 
42.3% women had both.
	 In this cohort, the screening without indication was 
found the most in women who underwent screening 
even though they had negative screening within 2 years. 
Prior studies from the United States also reported rates of 
screening overuse ranging from 45-65%.8-10 A large-scale 
population-based study that was conducted in the US 
reported that up to two-thirds of women had repeated 
screening within three years of their index test.10 The 
cumulative incidence of repeat cervical cancer screening 
was 17.7% (95% CI: 17.6-17.7%) at 12 months, 51.1% (95% 
CI: 51.0-51.2%) at 24 months, and 65.8% (65.7-65.8%) 
at 36 months. According to US guideline, cytology-
based screening should be performed every 3 years. A 
multicenter European study reported a 0.28% risk of 
cervical intraepithelial neoplasia (CIN) 3 or cancer after 
negative cervical cytology.11 A shorter duration screening 
interval yielded a negligible reduction in cancer risk, but 

it substantially increased unnecessary procedures and 
treatments, which resulted in significantly increased 
costs.12,13 The number of colposcopies would be decreased 
by 50% if cervical cancer screening was performed every 3 
years instead of every year.14 In Thailand, cervical cytology 
is the most commonly used technique for cervical cancer 
screening. Due to the higher incidence of cervical cancer 
in Thailand, a 2 year-screening interval is recommended 
by Thai national guideline.7,15 Considering the benefits 
and risks, annually screening is not recommended.15

	 Approximately one-third of women in this study 
were aged less than the screening recommendation. 
Prior studies revealed a low burden of cervical cancer 
in women aged less than 25 years. More specifically, the 
rates of cervical cancer-related incidence and mortality in 
this young age group was reported to be 0.8% and 0.5%, 
respectively.16 In some contrast, the highest prevalence of 
HPV infection was found among younger aged women. 
Nevertheless, the rates of both persistent infection and 
cancer progression were lower in the younger age group 
compared to the older age group.17-19 For the reasons, 
the American Cancer Society and the Royal Thai College 
of Obstetricians and Gynaecologists both recommend 
that cervical cancer screening should start at 25 years 
of age.7,16

	 Screening overuse was less common in our study 
compared to prior studies from the US.8-10 This may be 
due to the fact that the present study enrolled hospital 
staff members who might be more aware of screening 
indication compared to the general populations enrolled 
in the US studies. The main reasons for cervical screening 
without screening indication in our study were add-on of 
cervical screening to the annual health check-up program, 
fear of cancer, and family/organizational support. Our 
study women who lived with their spouses were more 
likely to participate in cervical cancer screening. In 
contrast, a US study reported younger age, screening 
with cytology alone, more medical visits, contraceptive 
management visits, and gynecology provider specialty 
to be factors associated with screening overuse.9 Those 
findings correspond other studies that found physician-
related factors also to be related to screening overuse.20-22 

Since the cervical cancer screening guideline has changed 
overtime, updated information regarding screening 
interval and indication should be provided to healthcare 
providers, and physicians should be aware of the drawbacks 
of overscreening. Specific indication, as well as the risks 
and benefits of screening should be discussed with each 
patient. Interventions, such as reimbursement only in 
indicated cases, might decrease screening overuse.
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Screening underuse
	 Screening underuse was found in 33% of women 
in this cohort. Prior studies reported that 20.7-53.0% 
of nurses had previously undergone cervical cancer 
screening.6,23,24 Common reasons given for not undergoing 
screening included embarrassment and fear of pain. 
To overcome these concerns, HPV cervical sampling 
for cervical cancer screening may be a more attractive 
screening alternative for these women. Initially, HPV self-
sampling was developed to increase screening coverage 
in rural or remote areas. Various methods were used for 
specimen collection, including brushes, swabs, vaginal 
patches, and lavage.25 Regarding test accuracy, a meta-
analysis reported the sensitivity and specificity of HPV 
self-sampling for detecting high-grade cervical lesion 
or cancer to be slightly lower than the sensitivity and 
specificity of clinician-collected sampling (ratio = 0.88, 95% 
CI 0.85-0.91: and 0.96, 95% CI 0.95-0.97, respectively).26 
Previous studies found that HPV self-sampling increased 
cervical cancer screening coverage to a level comparable 
to that observed in high-income countries.25 The reported 
advantages of HPV self-sampling were privacy, convenience, 
less embarrassment and anxiety, user-friendly, and less 
discomfort and pain compared to clinician-collected 
specimen.27-29 HPV self-sampling appears to be a potentially 
viable screening alternative in our setting because 65.1% 
of our study women expressed positive interest in HPV 
self-sampling for cervical cancer screening. However, some 
concerns about HPV self-sampling have been reported. 
For example, in low- and middle-income countries, 
the higher price of an HPV self-sampling test would 
be a financial barrier for many women. More study is 
needed to illuminate the benefits and drawbacks of HPV 
self-sampling for cervical cancer screening compared to 
traditional screening via clinician-collected sampling.
	 This study found that screening underuse was 
associated with age which was in accordance with the 
prior study.9 To improve screening coverage among those 
who don’t undergo screening often enough, and in those 
who have never undergone screening, interventions, 
such as a risk or indication assessment checklist, might 
be used to ensure that individual women are aware of 
their own screening indication and/or cancer risks, if 
any exist.

Strengths and limitations
	 In addition to providing cervical cancer screening 
overuse and underuse data, our study also explored 
the attitude of our study women towards the use of 
HPV self-sampling cervical cancer screening among our 
center’s female staff. Concerning potential limitations, 

our data were collected among medical staff, so our 
data may not necessarily be applicable in non-medical 
settings. Lastly and given the sensitivity of some of our 
survey questions, it is possible that some women were 
reluctant to provide accurate data due to concerns about 
divulging such personal information. 

CONCLUSION
	 Screening overuse and underuse were both found 
to be common among female hospital staff. An accurate 
information regarding screening indication should be 
provided and indication restriction should be implemented 
to a health system to avoid screening overuse. For women 
having screening indication, interventions such as a risk 
or indication assessment checklist should be implemented 
to enhance adherence to cervical cancer screening 
recommendation. HPV self-sampling for cervical cancer 
screening is a private and attractive screening technique 
that needs to be approved for use to improve a screening 
coverage.
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Prevalence of Metabolic Syndrome and Its 
Associated Factors among Thai Police Officers – 
A Population-based Study

ABSTRACT
Objective: The prevalence of Metabolic Syndrome (MetS) in Thai police officers is unknown. This study aims to 
accurately determine the prevalence of MetS in this population compared to the Thai general population.
Materials and Methods: We conducted a population-based cross-sectional study of 107,933 Thai police officers 
during the 2012 annual Police Health Care Center check-up. Metabolic syndrome was defined using the harmonized 
criteria of six international 
expert groups.
Results: The prevalence of MetS among Thai police officers was 39.24%, with a higher prevalence among males 
compared to female police officers (40.9% male and 14.3% female).  The prevalence was higher in male police officers 
(40.65% versus 23.80%, P<0.001), whereas it was lower in female officers (16.30% versus 31.59%, P<0.001) when 
compared to the general population. High blood pressure was the most common abnormal metabolic component in 
both genders (male 67.4 % female 33.3%).  Whereas observation of low high-density lipoprotein cholesterol (HDL) in 
males (11.6%) and high fasting plasma glucose (FG) in females (16.3%). The adjusted odds ratio for MetS increased 
with age, wide pulse pressure, male gender, lower rank, alcohol drinking, and being in a non-metropolitan city. 
Conclusion: The prevalence of MetS is higher among Thai police officers compared to the general Thai population. 
These findings underscore the need for effective preventive measures and continuous monitoring to reduce the risk 
and burden of cardiovascular diseases. 
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INTRODUCTION
	 Metabolic Syndrome (MetS) is associated with 
increased risk of atherosclerotic cardiovascular disease 
(ASCVD) (2-fold) and all-cause mortality (1.5 fold).1 

MetS is emerging as a dominant public health concern 
due to its relationship to cardiovascular disease and the 
dramatic increase in its global prevalence. MetS can be 
considered a pandemic as it variably ranges from 11.9 %

to 49 % in Pacific Asia and 24-34 % in the United 
States and Europe.2-5 In Thailand, the Thai National 
Health Examination Survey (TNHES) 2009 revealed 
that approximately one-quarter of adults of age more 
than 19 years had MetS. MetS was observed with higher 
prevalence in urban versus rural males and the reverse 
in females.6,7 Cardiovascular risk factors  are higher in 
Thailand, with an estimated 5.1 million individuals with 
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hypertension, 4.4 million with elevated cholesterol, 8.9 
million classified as overweight and obese, 2.4 million 
with diabetes, and 6.2 million current smokers.8 Law 
enforcement is a unique occupation due to the demands 
of irregular work hours, work-life imbalance, higher rates 
of tobacco and alcohol use, and disturbances in the sleep 
cycle leading to continual physical and mental stress. 
This type of lifestyle is often associated with MetS.9-14  

	 Prior global epidemiological studies demonstrated an 
inconsistent prevalence of MetS in police officers compared 
to other armed forces or the general population.15-19 A few 
studies in Thailand have shown an increasing prevalence 
of overweight or obesity in Thai army personnel.20,21 

However, no reports on the prevalence of MetS and its 
components in Thai Police officers are available. 
	 This study aims to update the prevalence of MetS 
and evaluate factors associated with this condition in 
Thai police officers. The results will hopefully guide future 
preventive strategies and may, in turn, help prevent 
future cardiovascular disease in this unique population. 

MATERIALS AND METHODS
Study Population
	 The Police Health Check Up Program 1 was the first 
large-scale non-communicable disease screening program 
conducted in Thailand among police officers throughout 
the country in 2012.  There were approximately 213,664 
active-duty Thai police officers working in 76 provinces 
during the year of study.  Of this amount, 123,400 officers 
(60%) had completed the 2012 Police Health Check Up 
Program conducted by the Police Health Care Center at 
Police General Hospital, Bangkok.22 After excluding those 
subjects with incomplete data, the remaining 107,933 
officers comprised the study 
population.

Methods
	 Before the initiation of the study, the Ethical Review 
Committee, Police General Hospital, Bangkok, approved 
the study design. Data regarding alcohol consumption, 
cigarette smoking, prior diagnosis of diabetes, hypertension, 
use of glucose-lowering medications, anti-hypertensive 
drug use, and lipid-lowering drugs were obtained through 
a written questionnaire.  Each subject had anthropometric 
measurements such as waist circumference, height, 
body weight, along with blood pressure (BP), and pulse 
measurement obtained by a nurse or medical assistant 
at the Police Health Care center. We measured waist 
circumference (WC) from the horizontal plane at a 
level halfway between the iliac crest and the lower costal 
margin.23 Brachial artery blood pressure and pulse 

rate were measured using an automatic machine after 
participants rested for at least 5 minutes in a sitting position 
according to standard procedures.24  A limited physical 
examination, including assessment of the head, ear, eye, 
nose, and throat (HEENT), auscultation of the heart, 
lungs, and palpation of the abdomen, was performed by 
the supervising physician. Fasting venous blood samples 
for glucose (FG), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-c), and triglyceride (TG) 
were analyzed using an ADVIA 1800 Clinical Chemistry 
System.  The Friedewald formula was used to calculate 
Low-density lipoprotein cholesterol (LDL-c).25 
	 All laboratory techniques were standardized to 
Center for Disease Control reference methods.26 

Definitions
	 We defined metabolic syndrome according to the 
definition of the joint interim statement of the International 
Diabetes Federation Task Force on Epidemiology 
and Prevention, the National Heart, Lung and Blood 
Institute, the American Heart Association, the World 
Heart Federation, the International Atherosclerosis 
Society, and the International Association for the Study 
of Obesity.27 The diagnosis required three or more of 
the following five components:  1) FG ≥ 100 mg/dl  
(≥ 5.6 mmol/L) or having diabetes; 2) TG ≥ 150 mg/dl 
(≥ 1.69 mmol/L) or taking lipid-lowering medication; 
3) HDL-c < 40 mg/al (< 1.04 mmol/L) in men or < 50 
mg/dl (< 1.29 mmol/L) in women; 4) BP ≥ 130/85 mm 
Hg or treated hypertension; 5) WC ≥ 90 cm in men and 
≥ 80 cm in women (reflecting the Asian population) 
or a body mass index ≥ 25 kg/m2.28,29 Pre-metabolic 
syndrome (pre-MetS) was defined as any two of the 
five MetS components. Alcohol drinking was defined as 
any self-reported regular consumption of any alcoholic 
beverage. The definition of pulse pressure (PP) was the 
difference between systolic and diastolic blood pressures 
during one cardiac cycle.  Participants were categorized 
into groups based on PP as follows:  < 35, 35-45; 46-55 
and > 55 mmHg. 

Statistical analysis
	 The prevalence and age-adjusted mean prevalence of 
MetS were calculated based on the direct method using 
standard techniques and compared to the 2010 general 
Thai population.30 Participants were categorized into age 
- groups based on the above comparison population as 
follows:  35-39; 40-44; 45-49; 50-54; and 55-59 years of 
age. Differences between groups were calculated using 
the t-test for continuous data and the chi-square for 
categorical data. The chi-square test was used to calculate 
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differences in the distribution of covariates for police 
officers in Bangkok (metropolitan) and non-Bangkok 
(non-metropolitan).  Multivariate logistic regression was 
used to examine the association of demographic variables 
(age, sex, rank, province, pulse pressure, smoking, and 
alcohol use) and MetS.  Stata software version 11 was 
used for all calculations.

RESULTS
	 A total of 107,933 police officers (101,846 males and 
6,087 females) constituted the entire study population 
with mean age (SD) of 43.60 (0.08) years (range, 35 – 
59 years). The reported gender baseline characteristics 
of the study population are in Table 1. Highest age 
adjusted prevalence of MetS by regions in Thailand was 
observed in the western region (57%) followed by central 
region (49%) and lowest was observed in Bangkok (30%)  
(Fig 1). Lower-rank police officers were predominant (79.5 
% Vs. 20.5 %) and were posted in non-metropolitan cities. 
Compared to female police officers, a higher percentage 
of male police officers were overweight (39% Vs. 21 %), 
current smokers (46.7 % Vs. 0.3%), and alcohol drinkers 
(46.7 % Vs. 6.6 %).  
	 The overall age-adjusted prevalence of metabolic 
syndrome among active-duty police officers aged 35 to 
59 years old was 39.4 % (40.9% male and 14.3 % female)  
(Table 2) which in comparison to the Thai general population 
(27.8 %)6, was significantly high (Fig 2). However, on the 
gender-based comparison, the prevalence of metabolic 
syndrome was significantly higher in male police officers 
compared to males in the general population (40.65% 
Vs. 23.80%, p<0.001) but significantly lower in female 
officers compared to females in the general population 
for all age groups (16.30% Vs. 31.59%, p<0.001) (Fig 2). 
	 Prevalence of MetS increased by age in both genders 
(male, 32.7%, female, 8.9% in the age group of 35-39 years 
to male 50.9% and female 23.9% in age group of 55-59 
years). The prevalence of MetS in police officers increased 
with age to a greater degree due to its prevalence among 
male police officers compared to the general population. 
The highest common abnormal metabolic component 
was high BP, whereas the lowest common was low HDL 
for both genders (Table 2).  The prevalence of low HDL 
and high WC was significantly higher among females 
compared to male police officers (low HDL 15% Vs. 
11.6%; high WC 27.7% Vs. 19.3%, p <0.001), whereas 
high BP, high TG, and high FG was observed in male 
police officers (high BP 67.4% Vs. 33.3 %; high TG 54.7% 
Vs. 17%; high FG 36.6% Vs. 16.3%, p< 0.001). 
	 Table 3 shows a multivariable analysis of crude and 
adjusted factors associated with the prevalence of MetS 

in men and women. The factors included were age range, 
pulse pressure, gender, rank, location (metropolitan or 
non-metropolitan), and alcohol consumption. After 
controlling for potential confounding factors in the 
multivariable analysis, increasing age, pulse pressure 
above 45, male gender, lower rank, non-metropolitan 
location, and alcohol drinking were positively associated 
with MetS. Male police officers had approximately triple 
more risk of MetS compared to female police officers 
(OR 2.59, 95% CI 2.30 - 2.92, p < 0.001). Police officers 
at lower-ranking posts had an additional odds of getting 
MetS compared to the police officers at higher-ranking 
posts (OR 1.17, 95% CI 1.12 - 1.22, p < 0.001). The MetS 
risk doubled when the pulse pressure increased to more 
than 55 (OR 2.24, 95% CI 2.10 - 2.40, p < 0.001). Compared 
to Metropolitan police officers, non-metropolitan police 
officers had a higher risk of MetS (OR 1.25, 95% CI 1.17 
-1.34, p < 0.001). Alcohol drinking was significantly 
associated with MetS (OR 1.29, 95% CI 1.25 - 1.34, p < 
0.001).

DISCUSSION 
	 This is the first study conducted in Thailand reporting 
the findings indicating a high prevalence of MetS in active-
duty police officers aged between 35 to 59 years at 39.24%. 
Erstwhile studies conducted on the prevalence of MetS 
among police officers vary according to the countries 
and populations under study. The predominance of 
MetS in this study was approximately similar to Brazilian 
police officers (38.54%)31 but higher than in Iowa, US 
police officers (27.5%), with a higher cut-off point for 
abdominal obesity.32 A study in Japan, using a higher FG 
cut-off point, reported a prevalence of MetS of 25% in 
the police officers of the age group of 45-59 years which 
was lower than our study (45% in the same age group).33 

Studies from India reported varying prevalence of MetS 
among police officers, 16.8% in Kerala34 and 57.3% in 
Chennai16, India. The difference in MetS prevalence 
between countries may be due to race-specific diagnostic 
criteria for MetS.
	 Compared to the prevalence of MetS in the Thai 
general population, specifically among those in the 
age range from 35 to 596, the overall age-standardized 
prevalence of Mets was significantly higher in Thai police 
officers (39.24% Vs. 27.82%, p<0.001). Nevertheless, 
MetS was substantially higher in male officers (40.65% 
Vs. 23.80%) but lower in female officers (16.30% Vs. 
31.59%), and the overall prevalence of MetS in police 
officers increased with age more remarkably than in the 
general population. This finding was consistent with 
previous studies in India, Indonesia, and China comparing 
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TABLE 1. Baseline characteristics of Thai police officers aged ≥ 35 years according to gender. 

Parameters	 Male, n (%)	 Female, n (%)	 Total, n (%)	 P value

Total	 101,846 (94.4)	 6,087 (5.6)	 107,933 (100)	 <0.001

Age, years, mean (SD)	 46.3 ± 0.02	 46.2 ± 0.02	 43.6 ± 0.08	 <0.001

Age – group, years				  

	 35-39	 15216 (14.9)	 2004 (32.9)	 17220 (15.9)	 <0.001

	 40-44	 32316 (31.7)	 1671 (27.5)	 33987 (31.5)	 <0.001

	 45-49	 19767 (19.4)	 1315 (21.6)	 21082 (19.5)	 <0.001

	 50-54	 20889 (20.9)	 758 (12.5)	 21647 (20.1)	 <0.001

	 55-59	 13658 (13.7)	 339 (5.6)	 13997 (13.0)	 <0.001

Body mass index, kg/m2, mean (SD) 	 24.9±0.01	 23.3 ± 0.05	 24.9 ± 0.01	 <0.001

        Obese (BMI 25 kg/m2)	 46500 (46)	 1598 (26)	 40658 (45)	 <0.001

Waist circumference, cm, mean (SD)	 85.80 ± 0.03	 77.40 ± 0.12	 85.3 ± 0.03	 <0.001

Blood pressure, mmHg, mean (SD)				  

	 Systolic blood pressure	 133.72 ± 0.05	 120.9 ± 0.20	 133.0 ± 0.05	 <0.001

	 Diastolic blood pressure	 85.2 ± 0.04	 76.96 ± 0.14	 84.7 ± 0.04	 <0.001

  	 Mean arterial pressure	 101.4 ± 0.04	 91.60 ± 0.15	 100.8 ± 0.04	 <0.001

  	 Pulse Pressure	 48.5 ± 0.04	 43.9 ± 0.13	 48.3 ± 0.04	 <0.001

Total Cholesterol, mg/dL, mean (SD)	 227.5 ± 0.15	 215.9 ± 0.53	 226.9 ± 0.14	 <0.001

Triglycerides, mg/dL, mean (SD)	 204.7 ± 0.54	 108.1 ± 0.86	 199.3 ± 0.51	 <0.001

HDL cholesterol, mg/dL, mean (SD)	 53.3 ± 0.04	 65.5 ± 0.20	 54.0 ± 0.04	 <0.001

LDL cholesterol, mg/dL, mean (SD)	 136.7 ± 0.14	 128.4 ± 0.46	 136.3 ± 0.13	 <0.001

Glucose, mg/dL, mean (SD)	 102.9 ± 0.11	 91.4 ± 0.26	 102.3 ± 0.11	 <0.001

Smoking 	 26590 (26.1)	 19 (0.3)	 26609 (24.7)	 <0.001

Alcohol drinking  	 47567 (46.7)	 404 (6.6)	 47971 (44.5)	 <0.001

Rank				  

	 High (Commissioned) 	 19,665 (19.3)	 2494 (41.0)	 22159 (20.5)	 <0.001

	 Low (Non-Commissioned)	 82,181 (80.7)	 3593 (59.0)	 85774 (79.5)	 <0.001

Duty location 				  

	 Metropolitan city 	 11606 (11.4)	 2987 (49.0)	 14593 (13.5)	 <0.001

	 Non-Metropolitan city 	 90240 (88.6)	 3100 (51.0)	 93340 (86.5)	 <0.001

Abbreviations: BMI= body mass index; HDL= high density lipoprotein; LDL= low density lipoprotein
**Figures in bracket indicate percentage 
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Fig 1. Age-adjusted prevalence of Metabolic Syndrome in 
percentage (%) by regions in Thailand

TABLE 2. Age-adjusted prevalence of metabolic syndrome and abnormal metabolic components among Thai 
police officers aged ≥ 35 years.

MetS and its	 Total, n 			   Age group, n (%)			   P for trend
components	 (%)	 35-39	 40-44	 45-49	 50-54	 55-59	

Men	 101846 	 15216 	 32316 	 19767 	 20889  	 13658       
		  (100)	 (14.9)	 (31.7)	 (19.4)	 (20.5)	 (13.4)       	

  MetS 	 41671 	 4979	 11529	 8147	 10065	 6951 
		  (40.9)	 (35.7)	 (32.7) 	 (41.2)	 (48.2)	 (50.9)	

<0.001

  WC > 90 cm	 19663	 2357	 5499	 3754 	 4657 	 3396   
		  (19.3)	 (19.7)	 (21.3)	 (23.7)	 (29.6)	 (32.5)	 <0.001

  High BP	 68593	 8996	 20194	 13186 	 15583 	 10634
		  (67.4)	 (59.1)	 (62.5)	 (66.7)	 (74.6)	 (77.9)	 <0.001

  TG>150 mg/dl	 55755 	 7537	 16329	 11561 	 12507	 7821 
		  (54.7)	 (49.5)	 (50.5)	 (58.5)	 (59.9)	 (57.3)	 <0.001

  HDL<40 mg/dl	 11796 	 1664	 3579	 2217	 2559	 1777 
		  (11.6)	 (10.9)	 (11.1)	 (11.2)	 (12.3)	 (13)	 <0.001

  FG>100 mg/dl	 37281 	 4175	 9954 	 6889 	 9417 	 6846 
		  (36.6)	 (27.5)	 (30.8)	 (34.9)	 (45.1)	 (50.2)	 <0.001

Women	 6087 	 2004	 1671	 1315	 758	 339
		  (100)	 (32.9)	 (27.5)	 (21.6)	 (12.5)	 (05.6)	

  MetS	 873	 178 	 217 	 232 	 165 	 81 
		  (14.3)	  (8.9)	 (13)	 (17.6)	 (21.8)	 (23.9)	

<0.001

  WC > 80 cm	 1684 	 464 	 426 	 371	 273 	 150 
		  (27.7)	 (26.5)	 (30.1)	  (33.2)	 (40.1)	 (49.3)	

<0.001

  High BP	 2027 	 494 	 519 	 505 	 356 	 153
		  (33.3)	  (24.7)	  (31.1)	  (38.4)	  (47)	  (45.1)	

<0.001

  TG>150 mg/dl	 1035 	 275 	 228 	 289 	 172 	 71
		  (17.0)	  (13.7)	  (13.6)	  (22)	  (22.7)	  (20.9)	

<0.001

  HDL<50mg/dl	 911 	 274 	 271 	 214 	 103 	 49
		  (15.0)	 (13.7)	  (16.2)	  (16.3)	  (13.6)	  (14.5)	

0.61

  FG>100 mg/dl	 995 	 226 	 257	 240 	 176 	 96
		  (16.3)	 (11.3)	  (15.4)	  (18.3)	 (23.2)	  (28.3)	

<0.001

Abbreviations:  MetS= Metabolic syndrome; WC= waist circumference; BP= blood pressure; TG= triglyceride; HDL= high density lipoprotein; 
FG= fasting glucose
** Figures in bracket indicate percentage 
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TABLE 3. The crude and age adjusted odds ratio (OR) with 95% confidence interval (CI) of socio-demographic 
characteristics and physical activity level on the risk of metabolic syndrome using multivariable logistic regression 
model.

Variables	 Crude OR		  Adjusted OR 
 		  (95 % CI)	 P value	 (95 % CI)	 P value

Age (year)				  
	 35-39	 1 (-)	 -	 1 (-)	 -
	 40-44	 1.24 (1.19, 1.29)	 <0.001	 1.18 (1.13, 1.24)	 <0.001
	 45-49	 1.54 (1.48, 1.61)	 <0.001	 1.37 (1.30, 1.44)	 <0.001
	 50-54	 2.1 (2.01, 2.19)	 <0.001	 1.69 (1.60, 1.79)	 <0.001
	 55-59	 2.36 (2.25, 2.47)	 <0.001	 1.84 (1.73, 1.96)	 <0.001

Pulse Pressure				  
	 < 35	 1 (-)	 -	 1 (-)	 -
	 35 – 45	 1.03 (0.98, 1.08)	 0.304	 0.99 (0.93, 1.06)	 0.764
	 46 – 55	 1.66 (1.59, 1.75)	 <0.001	 1.53 (1.43, 1.62)	 <0.001
	 > 55	 2.79 (2.66, 2.94)	 <0.001	 2.24 (2.10, 2.40)	 <0.001

Gender				  
	 Male	 4.14 (3.85, 4.45)	 <0.001	 2.59 (2.30, 2.92)	 <0.001
	 Female	 1 (-)	 -	 1 (-)	 -

Rank				  
	 Low (Non-commissioned)	 1.19 (1.15, 1.23)	 <0.001	 1.17 (1.12, 1.22)	 <0.001
	 High (Commissioned)	 1 (-)	 -	 1 (-)	 -

Province				  
	 Metropolitan	 1 (-)	 -	 1 (-)	 -
	 Non-Metropolitan	 1.59 (1.53, 1.65)	 <0.001	 1.25 (1.17,1.34)	 <0.001

Smoking				  
	 Yes	 1 (-)	 0.002	 1 (-)	 -
	 No	 1.05 (1.02, 1.08)	 -	 1.13 (1.09, 1.17)	 <0.001

Alcohol drinking				  
	 Yes	 1.29 (1.25, 1.33)	 <0.001	 1.29 (1.25, 1.34)	 <0.001
	 No	 1 (-)	 -	 1 (-)	 -

Fig 2. Age-adjusted and gender based prevalence of MetS between Thai police officers and Thai general (NHES 4) population. 
Abbreviations: MetS = Metabolic syndrome; NHES= National Health Examination Survey 
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MetS prevalence between police officers and the general 
population reporting a higher prevalence of MetS among 
police officers.19,33-36 A case control study conducted in 
Japan investigated the prevalence of risk factors for 
ischemic heart disease (IHD) among police officers and 
examined its association with working conditions and 
lifestyles.  It demonstrated that the frequency of MetS 
and the risk factors of IHD increased with age and was 
more rampant in police officers than in office workers. 
The higher prevalence of MetS in police officers is likely 
to be attributed to their sporadic working conditions 
due to shift work, long working time, and unhealthy 
behaviors including alcohol drinking11,13,18,33, which in 
turn predisposes them to develop MetS at an early age. 
A further study would be required to clarify the mutual 
effects about the significant relationship between smoking, 
sleep habits, work stress, and development of MetS. 
	 A lower prevalence of MetS in female officers 
compared to the general female population, especially 
office workers, similar to our study, was seen in a study 
conducted in Germany37, possibly due to differences in 
the job characterized by a more sedentary workload and 
less physical activity.  Nonetheless, the exact mechanism 
for the difference is beyond the scope of this study. 
	 The prevalence was significantly higher among 
male police officers compared to female police officers by 
2.59-fold.  This finding was similar  to studies  conducted 
in Taiwan and China19,38 The gender difference in MetS 
prevalence  is observed in many studies attributing to 
the complex interplay of effects of female and male sex 
hormones (such as estrogens, androgens, etc), sex- specific 
gene expression that determines body fat distribution, 
and attendant cardiometabolic abnormalities regulated 
by hormones.39-42 Therefore leading to a higher risk of 
MetS in males than in premenopausal females, whereas 
post menopause, the estrogen decline has implications 
for a higher risk of MetS in females.39 In this study, 
despite the similar mean age of males and females, a 
higher proportion of younger and lower proportion of 
older female officers compared to male officers could 
also explain the gender difference in MetS prevalence  
(Table 1) attributing to lower percentage of menopause 
in this study group. The higher percentage of male police 
officers indulging in alcohol drinking and smoking could 
also lead to higher MetS pervasiveness in this population. 
	 The most frequent component of MetS found in this 
study was high BP which was more prevalent in males 
than females. The study by Thayyil and colleagues also 
showed that the high prevalence of the police officers 
with MetS had high BP34, which was in line with similar 
findings of another study by Yates and colleagues.43 

High perceived and oxidative stress  are instrumental  
in promoting hypertension in police officers.44 Arterial 
stiffening and aging being the  crucial factors leading to 
hypertension41, a relatively higher percentage of older 
male police officers in this study could have caused the 
gender based difference. Other than high BP, high TG 
in male police officers could be attributed to a higher 
prevalence of alcohol drinking and extrapolating it to 
other unhealthy habits and lesser physical activity in 
this population.  High impaired FG or dysglycemia are 
commonly observed in the male population compared to 
females like in this study. However, the reason for such 
a pattern is yet to be elucidated.  Gender differences in 
visceral adiposity, lean muscle mass, altered susceptibility 
to free fatty acid-induced peripheral insulin resistance, 
the influence of menopausal transition, and other factor 
may play a role.41,45 In the same context, high WC and 
low HDL percentages among female police officers seen 
in this study were also observed in a study conducted 
by Hartley and colleagues12, which can be explained 
by sexual dysmorphism in body fat distribution and 
adipocyte size that correlate with a measure of alteration 
in lipid metabolism and insulin resistance. Premenopausal 
females have less visceral fat despite having a higher total 
body fat, BMI, and abdominal subcutaneous adipose 
tissue, which is gained with age, whereas visceral adipose 
tissue increase only in post menopause females.45,46 That 
explains higher WC, linear correlation between WC, and 
transitional age increasing towards menopause among 
female police officers. 
	 Older age, wider pulse pressure, male sex, low 
rank, non-metropolitan location, alcohol consumption 
and smoking are associated with increased risk of MetS 
in this study, which was consistent with the findings 
of previous studies.15,19,35,47-50 Male police officers had 
significantly increased odds of metabolic syndrome. 
	 Low police rank (Non-commissioned) had a higher 
risk of developing MetS compared to high police rank 
(Commissioned). A similar finding was also seen in a 
study by Fontes and colleagues51 among corporals who 
were at higher MetS risk. In a NHES 4 study, women 
with an education level lower than high school had a 
60% additional risk of MetS compared to those with a 
higher educational level.6 A study conducted in China  
showed that compared with those with no education, every 
category of attained academic level lowered the risk of 
developing MetS.52 Lower education levels might contribute 
to inappropriate lifestyle choices, poor eating habits, and 
physical inactivity.6,53,54 A lower level of education and 
socioeconomic status  play a decisive role in increasing 
cardiometabolic risk factors.41 This could be related to 
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increased MetS risk among low-rank police officers 
whose required education level is high school, whereas 
higher rank requires at least a college degree.  A higher 
percentage of smoking and alcohol drinking among lower 
ranked or non-commissioned police officers may also lead 
to the difference observed. Another factor influencing 
higher prevalence in lower ranked police officers could 
be job descriptions related to shift work disorder leading 
to sleep deprivation, unhealthy food intake, limited 
physical activity, drinking, and smoking. The available 
data suggest that hormonal profiles, coagulatory mediators 
and autonomic functioning inflammatory are all altered 
during uncontrolled sleep deprivation, which contributes 
to the development of atherosclerosis and cardiovascular 
disease.10,55,56 However, further investigation regarding 
the causal relationship is warranted.
	 The findings of this study reveal that this occupational 
group of people experiences an increased risk for 
cardiovascular disease and diabetes, challenging the 
general notion that police officers constitute a physically 
fit and healthy population.
	 There were 19% female and 30.6% male police officers 
that had "pre-MetS" (2 components of MetS), implicating 
a significant population at risk of MetS. More than 60% 
of police officers indulged in drinking alcohol. These 
findings call for more precise interventions focusing on 
the detection and treatment of MetS, including health 
promotion strategies to reduce the incidence of CVD, 
disability, and death among police officers.
	 Although the advantage of this study was its large 
sample size, there were some limitations. Considering the 
low recruitment percentage of police officers (60%), the 
study population may not represent the entire Thai police 
officer population. Data regarding alcohol consumption 
and smoking was self-reported and may be bias. There 
were missing or incomplete sociodemographic data, 
therefore, had to be removed from the study. Other 
contributors to MetS, including physical inactivity, sleep 
deprivation, work stress, and low job satisfaction were 
not assessed. A further in-depth study on associated 
lifestyle and environmental factors is recommended. This 
cross-sectional study compared the different burden of 
MetS using data from the health examination survey of 
police personnel and the general population during the 
different year.  MetS has become more common among 
the general Thai community over time therefore this 
could be one of the limitations of the study findings. 

CONCLUSION
	 The prevalence of MetS is high among Thai police 
officers compared to the general Population, and the 

syndrome affects a substantial proportion of male than 
female police officers in the same age group.  Increased 
risk of MetS among police officers included lower rank, 
being in a non-metropolitan city, smoking, and drinking 
alcohol. Therefore, preventive health promotion and 
treatment programs should be established along with 
strategic goals to improve the overall health of individual 
police officers to alleviate adverse cardiovascular outcomes.
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ABSTRACT
Objective: The objectives of this study were to investigate behavioral problems and emotion regulation in children 
with autism spectrum disorder (ASD) with and without psychiatric comorbidities, and to assess the correlation 
between emotion regulation and behavioral problems.
Materials and Methods: Participants included 65 children with ASD (ASD group) and 65 children with ASD and 
psychiatric comorbidities (ASD+CPD group), aged 6 to 12, and their caretakers. Emotion regulation was assessed 
by the Emotion Regulation Checklist (ERC). Behavioral problems were assessed by the Strengths and Difficulties 
Questionnaire (SDQ). 
Results: An independent sample T-test revealed that the ASD+CPD group had poorer emotion regulation, greater 
emotion lability/negativity, and a higher total difficulty score when compared to the ASD group. The Pearson’s 
Correlation Coefficient indicated that emotion regulation (r = -0.47, p<0.05) and lability/negativity (r = 0.65, p<0.05) 
correlated with the total difficulties score of the SDQ. A multiple regression analysis revealed that lower emotion 
regulation and higher emotion lability/negativity predicted an increase in behavioral problems (R2 = 0.44, p<0.05). 
Conclusion: We found that children with ASD and psychiatric comorbidities had poorer emotion regulation and 
more behavioral problems than those without comorbidities, and that poorer emotion regulation predicts behavioral 
problems. These results indicate that children with ASD should be assessed for psychiatric comorbidities, particularly 
those who have emotional dysregulation and behavioral problems.
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INTRODUCTION 
	 Autism spectrum disorder (ASD) is a complicated 
neurodevelopmental disorder characterized by early onset 
of social communication deficits, repetitive patterns of 
behavior and restricted interests.1 Previous studies have 
reported the prevalence of comorbid psychiatric disorders 
(CPD) in ASD at around 50-70% (e.g., attention deficit/
hyperactivity disorder (ADHD), intellectual disability (ID), 

and anxiety disorders), with around 40-90% having two or 
more comorbid disorders.1-4 Based on the high prevalence 
of comorbidities in ASD, research has started to focus on 
identifying the consequences of the comorbidities and 
discovered that the presence of additional psychiatric 
disorders leads to more severe impairment due to 
behavioral and emotional problems that interfere with 
daily life activities, including social, academic, or work 
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performance.5-11 Research in this field has demonstrated 
that behavioral problems in children with ASD are related 
to their emotional problems. For instance, Mazefsky 
and Herrington proposed that behavioral problems 
in this population stem from underlying impairment 
in emotion regulation making them react negatively 
and impulsively to emotional stimuli.12 However, the 
relationship between comorbid psychiatric disorders 
and emotional and behavioral difficulties have been 
limited.12-14 The primary objective of this study was to 
investigate emotion regulation and behavioral problems 
in children with autism, with and without psychiatric 
comorbidities. The secondary objective was to assess the 
relationship between emotion regulation and behavioral 
problems. The results of this study have a potential benefit 
in emphasizing clinicians who take care of children with 
ASD to look for psychiatric comorbidities, especially 
in cases that presented with emotional or behavioral 
problems. 

MATERIALS AND METHODS
	 A cross-sectional study was conducted between 2020 
and 2021. Participants were recruited from the Child 
and Adolescent Psychiatric Clinics at the Department 
of Psychiatry and the Department of Pediatrics, Siriraj 
Hospital, Mahidol University, Thailand. The study protocol 
was approved by the Siriraj Institutional Review Board 
(COA no. Si 666/2020). 

Participants
	 The sample size was calculated based on the results 
from the study of Berenguer et al.15 which indicated that 
children with ASD had SDQ mean scores 30% lower than 
children with ADHD and comorbidities (17.43±6.04 vs. 
22.63±5.24). In this study, it was hypothesized that children 

with ASD would have similar SDQ mean scores of 17.43 
and children with ASD and psychiatric comorbidities 
would have 20% higher SDQ mean scores which would 
be 20.92 [120% of 17.43]. Standard deviation (SD) of the 
two groups is estimated to be 6.04, with Type I error (a)= 
0.05 and Type II error (b)= 0.1 [power of the test=90% in 
order to increase the probability of detecting a difference]. 
The calculated sample per group of participants with ASD 
and those with ASD and comorbidities was 64. During the 
study period, primary caretakers of 150 children aged 6-12 
years with the diagnosis of ASD (75 children with ASD 
and 75 children with ASD and psychiatric comorbidities) 
were invited to participate in the study. The diagnosis of 
ASD and comorbid psychiatric disorders was made by 
the treating child and adolescent psychiatrists, based on 
the Diagnostic and Statistical Manual of Mental Disorder, 
5th edition; DSM-5 criteria.1 Exclusion criteria included 
children with serious medical conditions and caretakers 
who were not able to complete questionnaires. Of the 
invited 150 caretakers, 130 agreed to participate in the 
study. This included 65 caretakers of children with ASD 
without comorbidities (ASD group) and 65 of children with 
ASD and psychiatric comorbidities (ASD+ CPD group). 
The caretakers were asked to complete questionnaires to 
evaluate the children’s emotion regulation and behavioral 
problems (Fig 1).

Instruments
Emotion Regulation Checklist (ERC)
	 ERC  is a parent-reported screening measure comprising 
of 24 items used to assess emotion regulation capacity 
in children aged between 6 to12. It is divided into 2 
subscales as follows: 1) Emotion regulation subscale 
(ERC–ER) and 2) Lability/Negativity subscale (ERC-LN). 
The ERC-ER evaluates a child’s expression of emotions, 

Fig 1. Flow diagram for participant recruitment and retention.
Abbreviations: ASD, autism spectrum disorder; CPD, comorbid psychiatric disorders
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emotional self–awareness, and ability to display appropriate 
emotions. Higher scores on the ERC–ER reflect higher 
levels of emotion regulation ability. The Lability/Negativity 
Subscale (ERC–LN) assesses a child’s inflexibility, variation 
in mood and emotional states, and dysregulation in 
negative effects. Higher scores on the ERC–LN reflect 
higher levels of emotional dysregulation. The internal 
consistency for both subscale is high; α= 0.83 for ERC-ER 
and α= 0.96 for ERC–LN.16 Permission to use the ERC 
in the study was obtained from Dante Cicchetti, Ph.D. 
The ERC was translated into Thai by the investigator 
(TB) and then back translated by a qualified translator 
from the Translation and Interpretation Center, Faculty 
of Liberal Arts, Mahidol University for validation.

Strengths and Difficulties Questionnaire (SDQ)
       SDQ is a parent-reported questionnaire designed 
to assess behavioral problems in children aged 4 to 16. 
It comprises of 25 items with five subscales, including 
hyperactivity/inattention scale, emotional problems 
scale, peer relationship problems scale, conduct problems 
scale, and prosocial behavior scale. Summation of all 
the subscales, except the prosocial behavioral scale, 
yields a total difficulties score. Higher scores indicate 
greater behavioral difficulties, except for the prosocial 
behavioral scale where higher scores reflect positive 
behavior attributes. This study used the Thai version of 
SDQ which demonstrated good reliability at α= 0.76.17-19 

Data analyses
	 All statistical analyses were done based on a 95% 
confidence interval, p<0.05. Descriptive statistics were used 
to explain demographic data. Pearson’s Chi-Square test 
was performed to examine categorical variables such as 
gender, education type, education level, and medication. 
An independent sample T-test was performed to compare 
emotion regulation, emotion lability/negativity, and 
behavioral problems between children with and without 
comorbidities. The association between emotion regulation, 
emotion lability/negativity, and behavioral problems were 
examined using the Pearson’s Correlation Coefficient.  
A multiple linear regression analysis for the predictive 
variable of behavioral problems was also conducted.

RESULTS
Participant characteristics
	 The mean age of the children was 8.7 years (SD=2.97), 
with the range of 6 to 12 years.  Eighty three percent 
of the children (n=108) were males. In the ASD+CPD 
group, 44 children (67.7%) had one comorbidity and 21 
children (33.3%) had more than one comorbidity. Fifty 

three children (81.5%) had attention deficit/hyperactivity 
disorder (ADHD), 6 children (9.25%) had intellectual 
disability (ID), and 6 children (9.25%) had other comorbid 
diagnoses. 
	 There were no significant group differences in 
gender, education type, or education level (p > 0.05) 
between the ASD group and the ASD+CPD group. 
Children in ASD+CPD group were on medication at a 
significantly higher rate compared to those in the ASD 
group (p <0.05) (Table 1).

Emotion regulation 
	 Children in the ASD+CPD group had significantly 
lower Emotion Regulation Subscale (ERC-ER) scores 
and significantly higher Lability/Negativity Subscale 
(ERC-LN) scores (p<0.01) than children in the ASD 
group (Table 2).

Behavioral problems	
	 Children in the ASD+CPD group had significantly 
higher scores on all SDQ subscales and the total difficulties 
score (p<0.01), and significantly lower prosocial behavior 
scores (p<0.05) than children in the ASD group  
(Table 2).

Correlation between the ERC and the SDQ
	 ERC-ER correlated negatively with the total difficulties 
scores, emotional problems scores, hyperactivity scores, 
and peer problems scores of the SDQ, and correlated 
positively with prosocial behavior scores. There was no 
correlation between ERC-ER and conduct problems 
scores (Table 3).
	 ERC-LN correlated positively with the total difficulties 
scores, emotion problems scores, conduct problem scores, 
hyperactivity scores, and peer problems scores of the 
SDQ. There was a negative correlation between ERC-LN 
and prosocial behavior scores (Table 3).

Predictors of behavioral problems
	 A multiple linear regression analysis was used 
to predict behavioral problems of a child’s emotion 
regulation and emotion lability/negativity. The collinearity 
of emotion regulation and emotion lability/negativity 
was assessed. Results showed that Tolerance= 0.861 and 
VIF= 1.162. Therefore, emotion regulation and emotion 
lability/negativity have no multicollinearity problems. 
A significant regression equation was found to predict 
behavioral problems (R2=0.44, F = 50.87, p<0.01), thus 
explaining the 44% variance in behavioral problems. When 
ERC-ER increases 10.54 scores, the Total Difficulties 
Score decreases one score. When ERC-LN increases 
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TABLE 1. Demographic characteristics of children with ASD (ASD group) and children with ASD and psychiatric 
comorbidities (ASD+CPD group).

TABLE 2. Emotion Regulation Checklist and Strengths and Difficulties Questionnaire scores in children in the 
ASD and ASD+CPD groups.

		  ASD Group  	 ASD+CPD Group	 P-value

		  (N=65)	  (N=65)	

Age: Mean (SD)	 8.5 (2.4)	 9.0 (2.2)	 0.18

Gender: n (%)

	 Male	 55 (84.6)	 53 (81.5)	 0.64	

Education type: n (%)

	 Mainstream	 42 (64.6)	 38 (58.5)	 0.70

	 Inclusive classroom	 5 (7.7)	 9 (13.8)	

	 Special education	 11 (16.9)	 10 (15.4)	

	 Not in school	 7 (10.8)	 8 (12.3)	

Education level: n (%)

	 Kindergarten	 13 (20.0)	 10 (15.4)	 0.77

	 Primary school	 31 (47.7)	 35 (53.8)	

	 Secondary school	 3 (4.6)	 4 (6.2)	

	 Special education	 11 (16.9)	 8 (12.3)	

	 Not in school	 7(10.8)	 8 (12.3)	

Medication: n (%)			 

	 On medication	 25 (38.5)	 51 (78.5)	 <0.05*

	 Not on medication	 40 (61.5)	 14 (21.5)	

* p < 0.05

		  ASD Group	 ASD + CPD Group	 P-value

ERC: mean (SD)	 		

	 Emotion Regulation Subscale (ERC–ER)	 23.7 (3.65)	 21.4 (3.63)	 <0.01**

	 Lability/Negativity Subscale (ERC–LN)	 30.5 (5.12)	 36.3 (5.71)	 <0.01**

SDQ: mean (SD)			 

	 Total difficulties score	 14.70 (5.05)	 20.0(4.40)	 <0.01**

	 Emotional problems	 2.8 (1.87)	 4.3(2.14)	 <0.01**

	 Conduct problems	 2.1 (1.46)	 3.2 (1.86)	 <0.01**

	 Hyperactivity 	 5.4 (2.0)	 7.01 (1.58)	 <0.01**

	 Peer problems	 4.4 (1.85)	 5.4 (1.94)	 <0.01**

	 Prosocial behavior	 5.7 (2.25)	 4.9 (2.23)	 <0.05*

* p < 0.05, ** p < 0.01
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TABLE 3. Correlation between ERC and SDQ.

		  Total 	 Emotional	 Conduct	 Hyperactivity	 Peer	 Prosocial
	 	 difficulties	 problems	 problems	 	 problems	 behavior

ERC-ER	 -.47*	 -.45*	 -.12	 -.35*	 -.39*	 .64*

ERC-LN	 .65*	 .42*	 .56*	 .47*	 .36*	 -.34*

*p < 0.05

16.46 scores, the Total Difficulties Score increases one 
score. 
	 The predictive equation is Total Difficulties Score 
= 18.17 – 10.54 (ERC–ER) + 16.46 (ERC–LN).

DISCUSSION
	 The results of this study showed that children with 
ASD who had comorbid psychiatric disorders had more 
behavioral problems and poorer emotion regulation 
abilities, as well as greater emotion lability/negativity 
than those without comorbidities. These results are in 
line with existing research highlighting the impact of 
psychiatric comorbidities on additional impairment in 
psychological profile and overall function in children 
with ASD.3,5,6,8 
	 The high percentage of ADHD diagnosis in this study 
is congruent with previous studies exploring the rate of 
ADHD in the ASD population. Epidemiology data from 
the United States and Europe indicates that 37% to 85% 
of children with ASD present with core symptoms of 
ADHD.3,5,6,20-22 Children with ASD and ADHD symptoms 
often exhibit greater behavioral problems (including temper 
tantrums, conduct problems, physical aggression, self-
injury), severe social impairment and delays in adaptive 
functioning than children with ASD without ADHD.22,23 
This may explain why children in the ASD+ CPD group 
in this study had more behavioral problems. The higher 
rate of emotional difficulties in the ASD+CPD group is 
also supported by previous studies which show greater 
both behavioral and emotional problems in children 
who were diagnosed with ASD and ADHD.5,20,22-24 Since 
children with ADHD alone can have emotion regulation 
problem, the high percentage of ADHD comorbidity in 
this population could be a confounding factor. The further 
study investigating emotion regulation and behavioral 
problems among children with ASD, ASD and ADHD, 
and ASD and other psychiatric comorbidities might be 
warranted.
	 We also found a significant relationship between 
emotion regulation, emotion lability/negativity, and 
behavioral problems. Multiple regression analysis indicated 

that both emotion regulation and emotional lability/
negativity were predictors of variance in behavioral 
problems. This supports our hypothesis and is congruent 
with previous studies which also found a relatively strong 
association between emotional dysregulation, emotion 
lability and externalizing behaviors.14,25 This suggests that 
children diagnosed with ASD who have lower emotion 
regulation abilities or more emotional labile will generally 
exhibit more behavioral problems. However, we did not 
see a correlation between emotion regulation abilities and 
conduct problems. This result is in contrast to the result 
from a study by Guttmann-Steinmetz et al. that showed 
a link between emotional dysregulation and aggressive 
behavior, including conduct problems.25 This might be 
due to the difference in conduct problems measured in 
each study. 
	 There were some limitations in this study, firstly, we 
did not control the children’s IQ levels and the intervention 
program, which could potentially affect the intensity and 
frequency of reported behavior and emotional problems. 
Secondly, not all children were given standardized IQ 
tests, therefore comorbid intellectual disability might be 
under diagnosed. Third, the population in this study was 
tertiary hospital-based that clinical presentations may 
be more severe. Then, generalization of the results to 
other clinical settings might be limited. Finally, 11.5% 
of children in our study were not currently in school, 
therefore certain questions about school behaviors were 
not be applicable to them. Despite these limitations, 
our study demonstrated higher rate of behavioral and 
emotional problems in children with ASD who had 
psychiatric comorbidities and a correlation between emotion 
regulation and behavioral problems. We recommend 
that clinicians should pay more attention to psychiatric 
comorbidities in children with ASD who presented with 
emotional difficulties or behavioral problems.

CONCLUSION
	 Children with ASD and comorbid psychiatric disorders 
had poorer ability to regulate emotions and more behavioral 
problems than those without comorbidities. We also 
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found that poor emotion regulation predicts behavioral 
problems. Therefore, we suggest that all children with 
ASD should be evaluated for psychiatric comorbidities, 
especially those who show extensive behavioral problems 
and poor emotional regulation that exceeds what is 
typically seen in children with ASD alone. Interventions 
targeting emotion regulation in these children should 
also be further studied.
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Assessment of Volume Status in Chronic 
Hemodialysis: Comparison of Lung Ultrasound to 
Clinical Practice and Bioimpedance

ABSTRACT
Objective: Lung ultrasonography (LUS) has recently been used to evaluate extravascular lung water, and shown 
to be able to predict all-cause mortality in hemodialysis (HD) patients. This study aim to compare LUS with other 
volume assessment methods, and to verify the prognostic value of LUS in Thai chronic HD patients. 
Materials and Methods: We conducted a prospective cohort study in 36 chronic HD patients. Volume status before 
the HD session was evaluated by physical examinations, bioimpedance analysis (BIA), and ultrasound lung comets 
(ULCs). Mortality and morbidities were recorded during a 1-year follow-up period. 
Results: The degree of lung fluid accumulation was assessed by summation of the number of ULCs, and was classified 
into 3 groups: mild-to-moderate (ULC<15–29), severe (ULC=30–59), and very severe (ULC≥60) in 11.1%, 77.8%, 
and 11.1% of the patients, respectively. Either clinical edema or lung crackle had low sensitivity (20-32%) to detect 
extravascular lung water excess in patient with mild-to-moderate ULC and severe ULC. Overhydration assessed 
by BIA was found in 75% and 64.3% of patients with mild-to-moderate and severe ULC, respecively.  In patients 
with very severe ULC, the admission rate due to volume overload was significantly higher, there was also a trend 
of increased mortality, as well as intradialytic complications. 
Conclusion: Clinical assessment and BIA have limited value in determining extravascular fluid excess in the lung. 
Lung ultrasound is a useful tool to detect subclinical pulmonary congestion. The long-term outcome by using LUS-
guided fluid management needs larger population studies.
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INTRODUCTION
	 The prevalence of end-stage kidney disease (ESKD) 
patients requiring renal replacement therapy (RRT) is rising 
annually. From the annual report of renal replacement 
therapy (RRT) in Thailand in 2019, the prevalence of 
RRT is almost 2,300 persons per million population, 
with hemodialysis (HD) as the most chosen mode of 
RRT.1 Fluid retention and high inter-dialytic weight 
gain in HD patients were reported in previous studies as 

among the important predictive factors for mortality and 
cardiovascular morbidity.2,3 The accumulation of fluid in the 
lung is considered a major consequence of fluid overload 
and cardiovascular complications. Routine examinations 
for the assessment of fluid overload, including by history 
taking, blood pressure measurement, peripheral edema, 
and lung auscultation, have been shown to have poor 
diagnostic accuracy in the detection of interstitial lung 
edema or total body fluid accumulation.4 
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	 Several new objective methods, including bioimpedance 
analysis (BIA) and lung ultrasound (LUS), have been 
introduced and validated in chronic HD patients for the 
assistance of the volume status evaluation along with the 
routine physical examinations. Bioimpedance analysis is 
a noninvasive tool that has been applied in the setting of 
dialysis patients to evaluate the patient’s body composition 
for nutritional assessment and quantitative determination 
of the total body water and extracellular fluid volume.5,6 

Water in the lungs can be inversely correlated with the 
systolic and diastolic functions from echocardiography 
but shows only a weak correlation with the fluid status 
from BIA.10 Lung ultrasonography was initially used for 
extravascular lung water evaluation, mostly in critical care 
situations.7,8 The degree of accumulation of fluid in the 
lung interstitial was quantified by assessing the ultrasound 
B-lines or ultrasound lung comets (ULCs), characterized 
by a comet-tail-like hyperechoic line continuing from 
the ultrasound transducer to the visceral pleural line. 
This was later adapted in a chronic HD setting, and was 
found to be associated with fluid loss during HD.9 In the 
LUST study, Torino et al. found that the detection of 
extravascular lung water accumulation in chronic HD 
patients by using the ultrasound lung comet score had a 
higher sensitivity than by routine physical examination, 
which included lung auscultation and peripheral edema.4 
Fluid assessment by using lung ultrasound was also shown 
to be able to predict mortality in HD patients.11,12 However, 
lung ultrasonography has not yet been studied in Thai 
chronic HD patients despite its many advantages seen 
in other studies worldwide. The aim of this study was to 
evaluate abilities of clinical assessment and bioimpedance 
for determining extracellular fluid excess comparing with 
lung ultrasonography, and to evaluate the prognostic 
value significance of the presence of ultrasound lung 
comets in Thai chronic HD populations. 

MATERIALS AND METHODS
Study population
	 This single-center prospective cohort study was 
conducted in the HD units of Siriraj Hospital, Bangkok 
from July 2017 to March 2018. The inclusion criteria were 
patients who had been on three-times weekly chronic 
HD for more than 3 months with a stable dry weight, 
defined as target dry weight changes within ±0.5 kg in 
the past 3 months. The exclusion criteria were age under 
18 years old, patients with current systemic infections, 
terminal cancers, lung diseases that may interfere with 
lung ultrasonography interpretation (e.g., lung fibrosis, 
interstitial lung disease, pleural effusion, patchy infiltration 
and consolidation), recent hospitalization within the past  
3 months, patients with a cardiac pacemaker or defibrillator 

implantation, and a history of limb amputation. Of the 
total of 70 patients screened for enrollment, 36 patients 
were included in this study, while 29 patients denied 
informed consent, and 5 patients were excluded because 
of pleural effusion (n = 1), current systemic infection  
(n = 1), and current hospitalization (n = 3).

Study design
	 The patients’ baseline characteristics, including age, 
sex, body mass index (BMI), comorbidities, dialysis vintage, 
blood pressure, ultrafiltration rate (UFR), and laboratory 
data, were collected. In each participant, all 3 methods of 
volume status assessment, namely clinical evaluation, lung 
ultrasonography, and BIA, were evaluated pre-HD in the 
same day at the beginning of the week of the HD session 
(after the longest interdialytic interval). The participants 
were followed up for 1 year for hospitalizations, all-cause 
mortality, and intradialytic complications. 

Clinical evaluation of the volume status
	 Clinical evaluation of the volume status included 
physical examination of clinical edema and lung auscultation. 
Clinical edema was examined at the mid-portion of both 
legs and classified according to the following scale: 1, no 
clinical edema; 2, more than 0 to 2 mm depth pitting; 3, 
more than 2 to 4 mm depth pitting; 4, more than 4 to 6 
mm depth pitting; 5, more than 6 mm depth pitting.4 
	 Lung auscultation was examined at the anterior and 
posterior sites of each hemithorax in a sitting position. 
Participants were asked to perform slow and deep 
inhalations during the evaluation for crackles. Lung 
crackle findings was classified according to the following 
scale: 1, no crackles; 2, uncertain about crackles; 3, fine 
crackles at the basal lungs; 4, half of the hemithorax 
crackles; 5, bilateral diffuse crackles.4,13 

Lung ultrasonography
	 Lung ultrasonography (using an ultrasound machine 
[GE Logiq E9] with a cardiac probe 3–9 MHz sector 
scan probe; “S4–10” was performed by 2 radiologists 
who were blinded from the results of the other volume 
status measurement methods. The ultrasound scanning 
was performed with the patient in a supine position in 
8 areas of the chest wall (including the mid-axillary, 
anterior axillary, mid-clavicular, and parasternal areas) 
in the 2nd, 3rd, 4th, and 5th intercostal spaces at both the 
right and left hemithorax, as shown in Fig 1A. The degree 
of lung fluid accumulation was measured as the number 
of ultrasound lung comets (ULCs) (Fig 1B). The ULC 
score for each patient was quantified by summation 
of the ULCs found in all 8 zones.14 The ULC score was 
divided into 4 categories: mild (< 15 ULCs), moderate 
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Fig 1A. Division of the chest wall into 8 areas for lung ultrasonography evaluation.
Fig 1B Ultrasound B-lines or ultrasound lung comets (ULCs), characterized by a comet-tail-like hyperechoic line continuing from the 
ultrasound transducer to the visceral pleural line (Figure provided by Asso.Prof.Suwimon Wonglaksanapimon, Radiology Department, Siriraj 
Hospital).

A

B

(15–29 ULCs), severe (30–59 ULCs), and very severe (> 
60 ULCs).4,11,12,14 

Bioimpedance analysis
	 Whole-body bioimpedance analysis (BIA) was 
used to measure the volume status by multi-frequency 
bioimpedance spectroscopy. Electrodes were attached 
to the participant’s wrist on the non-vascular access side 
of the body and ipsilateral ankle in the supine position. 
Extracellular fluid volume was calculated as the percentage 
of overhydration compared with the relative hydration 
status in normal populations (ΔHS). The patients’ hydration 
status were classified into 2 groups: 1) normohydration, 
ΔHS < 15%, and 2) hyperhydration, ΔHS > 15%.12 

Echocardiography
	 Echocardiography, as performed according to 
the recommendations of the American Society of 
Echocardiography15, was evaluated in all available patients 
within 3 months of the lung ultrasound and BIA. The 
staff performing the echocardiography were unaware 
of the lung ultrasound and BIA results. 

Outcomes
	 The primary outcome was to compare ultrasound 

lung comets with physical examinations (clinical edema 
and lung crackle) and BIA in the evaluation of fluid 
overload. The secondary outcomes were: 1) to determine 
the sensitivity and specificity of physical examinations of 
clinical edema with BIA, 2) to study the associations of 
extravascular lung water evaluated by lung ultrasonography 
and 1-year all-cause mortality and cardiovascular events, 
as well as intradialytic complications, 3) to compare 
lung ultrasonography findings with echocardiography 
findings.
	 Intradialytic hypotension and intradialytic hypertension 
episodes were collected as the percentage of the complicated 
sessions to all hemodialysis sessions. Definitions from 
KDIGO were used: intradialytic hypotension was defined 
as any symptomatic decrease in systolic blood pressure 
(SBP) or a nadir intradialytic SBP < 90 mmHg, while 
intradialytic hypertension was defined as any rise of >10 
mmHg from pre- to post-dialysis in the hypertensive 
range (>140 mmHg).16 

Statistical analysis
	 We estimate the minimum sample size required, 
based on the prevalence of fluid overload in chronic 
hemodialysis patients and the sensitivity of physical 
examinations (clinical edema and lung crackles) with 
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the lung ultrasonography as the gold standard (p-value, 
is set to be less than 0.05). The sensitivity of the physical 
examinations from the LUST study was 26%4, we set 
the maximum marginal error of estimate to be 15% for 
constructing confidence interval of true value of sensitivity 
with the prevalence of fluid overload in our population of 
50%, the total sample size of the sensitivity determines 972 
patients. Continuous data were presented as the mean ± 
SD for normally distributed data and as the median with 
interquartile range (IQR) for non-normally distributed 
data. Categorical data were presented as the percent 
frequency. Comparisons among groups were made by 
p-value using one-way ANOVA analysis. The sensitivity 
and specificity of lung auscultation and clinical edema 
were also calculated. Statistical analysis was performed 
using SPSS software version 20. 
	 This study was approved by the Human Research 
Protection Unit, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand (COA no. Si 
412/2017), and was conducted according to the principles 
of the Declaration of Helsinki. All participants received 
a detailed explanation of the study and gave their written 
informed consent. 

RESULTS
	 We report this preliminary result because the prolonged 
COVID-19 pandemic halted further enrollment in our 
study. The patients’ baseline characteristics and biochemical 
data are shown in Table 1. The mean age of the patients 
was 63 years and 55.6% were male. The comorbidities 
included diabetes mellitus (41.7%), myocardial infarction 
(22.2%), and a history of coronary artery bypass graft 
(CABG) or stent (25%). Since there were only 4 patients 
in the mild and moderate group, we divided the patients 
into 3 groups according to the severity of ULC score 
as per the following; mild-to-moderate 11.1% (n = 4), 
severe 77.8% (n = 28), and very severe 11.1% (n = 4). A 
history of myocardial infarction and history of CABG 
or stent was found more frequently in the very severe 
and severe ULC groups, but the difference did not reach 
statistical significance. Patients in the very severe ULC 
group had a higher New York Heart Association (NYHA) 
functional class than in the other less severe ULC groups. 
No differences in the baseline characteristics data were 
found, apart from for gender, in which the proportion 
of males was found to be higher in the moderate and 
severe ULC groups. 
 
Comparison of fluid overload assessement by lung 
ultrasonography with clinical evaluation and BIA 
	 Fluid overload was defined by using the following 

criteria: BIA overhydration defined as ΔHS > 15%, clinical 
edema positive score ≥ 2, and lung auscultation positive 
score ≥ 3. The severity of lung congestion assessed by 
ULC score was compared with physical examinations 
and BIA (Table 2). Clinical edema was found in 75% of 
the patients in the very severe ULC group, whereas it 
was found in only 25% and 21.4% of the patients in the 
mild-to-moderate and severe ULC groups, respectively. 
Lung crackle was positive in 100% of the patients with 
very severe ULC, whereas it was positive in only 25% 
and 32.1% of the patients with mild-to-moderate and 
severe ULC (p = 0.03), respectively. When compared 
with lung ultrasound, lung crackles, either alone or in 
combination with clinical edema, poorly reflected lung 
congestion in patients with mild-to-moderate ULC and 
severe ULC. When comparing lung ultrasonography 
with BIA, hyperhydration (ΔHS >15%) was found in all 
patients with very severe ULC, whereas it was found in 
75% and 64.3% of patients with mild-to-moderate and 
severe ULC, respecively. Overall, the vast majority of 
clinical assessments of fluid overload were not sensitive 
for detecting lung congesiton, especially in patients 
with mild-to-moderate and severe ULC. When lung 
ultrasonography was used as the gold standard for the 
assessment of extravascular fluid excess in the lung, it 
was found that clinical assessment and BIA had a limited 
value for determing pulmonary congestion.

Comparison of fluid overload assessment by clinical 
evaluation with BIA
	 The comparison of the assessment of fluid overload 
by clinical evaluation with BIA is reported in Table 3. 
Overall, 25 patients (69.4%) were classified by BIA as 
overhydration. When using BIA as gold standard for 
diagnosed fluid overload, the sensitivity of detection 
of fluid overload by clinical edema and by lung crackle 
was 25% and 45.8%, respectively. The detection of fluid 
overload by either clinical edema or lung crackle increased 
the sensitivity to only 50%. Whereas, the presence of 
both clinical edema and lung crackle had a specificity 
of 83.3% to detect fluid overload, but the sensitivity was 
decreased to only 20.8%. Compared with BIA assessment, 
lung crackles and clinical edema, either alone or in 
combination, poorly reflected fluid overload, with an 
accuracy of 39%–55.6%. 

Comparison between the ultrasound lung comet score 
and echocardiographic findings 
	 Echocardiogarphic findings in 25 patients were 
classified into 3 groups according to the severity of the 
ULC score, and the results were compared between the  
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TABLE 1. Patients’ baseline characteristics and biochemical data according to the number of ultrasound lung comets.
 

Participant characteristics			   ULC numbers		

		  All 	 Mild-to-Moderate	 Severe	 Very severe	 P-value

	 	 	 15–29 	 30–59 	 ≥ 60 	

Number of patients	 36	 4	 28	 4	

Age, years	 63±13	 53±4	 64±13.8	 66±9	 0.242

Male sex, %	 55.6	 75.0	 60.7	 0.0	 0.031*

BMI, kg/m2	 24.9±6.2	 26.1±7.2	 24.7±6.8	 24.8±3.3	 0.916

Dialysis vintage, mos	 105.5±74.2	 101.3±45.9	 106.7±80.1	 101.5±66.3	 0.985

Diabetes, %	 41.7	 25.0	 42.9	 50.0	 0.861

Ex-Smoker, %	 27.8	 25.0	 32.1	 0.0	 0.581

Myocardial infarction %	 22.2	 0	 21.4	 50.0	 0.23

CABG/ stent %	 25	 0	 25	 50	 0.26

NYHA class I, %	 36.1	 25.0	 39.2	 25.0	 0.537

  	                 II, %	 44.4	 75.0	 42.9	 25.0

                    III, %	 19.4	 0.0	 17.9	 50.0	

SBP, mmHg	 152±30	 156±15	 152±28	 142±53	 0.857

DBP, mmHg	 77±22	 88±15	 76±22	 78±25	 0.600

PP, mmHg	 74±20	 68±20	 76±18	 64±30	 0.480

HR, bpm	 79±14	 68±14	 78±12	 90±17	 0.062

Hemoglobin, g/dL	 10.5±1.2	 10.5±0.6	 10.6±1.3	 10.3±0.9	 0.866

Serum albumin, g/dL	 4.1±0.3	 4.4±0.3	 4.1±0.3	 4.1±0.6	 0.141

Serum BUN, mg/dL	 65±22	 62±15	 67±22	 54±21	 0.53

Serum Cr, mg/dL	 9.6±3.3	 10.9±1.8	 9.7±3.4	 8.0±3.4	 0.46

Serum [Na+], mmol/L	 138±4	 138±4	 138±4	 135±4	 0.37

Serum [K+], mmol/L	 4.4±0.5	 4.4±0.3	 4.3±0.5	 4.7±0.4	 0.33

Ferritin, μg/L	 649 	 806	 649  	 448 	 0.68

		  (365, 929)	 (595, 964)	 (311, 929)	 (379,1014)	

Calcium, mg/dL	 8.9±0.7	 9.2±0.6	 8.8±0.7	 9.1±1.2	 0.474

Phosphate, mg/dL	 4.5±1.3	 4.7±0.9	 4.6±1.3	 4.0±1.7	 0.705

iPTH, ng/mL	 213 [71–435]	 361[149–646]	 203 [83–395]	 198 [33–534]	 0.789

LDL–C, mg/dL	 81 [64–104]	 77 [59–83]	 81 [65–104]	 94 [43–131]	 0.762

Equilibrated Kt/V	 2.0±0.4	 1.8±0.5	 2.0±0.4	 1.9±0.3	 0.562

Abbreviations: body mass index (BMI), coronary artery bypass graft (CABG), New York Heart Association (NYHA), pulse pressure (PP), 
heart rate (HR), low density lipoprotein–cholesterol (LDL–C).
* Statistically significant: P-Value compared between group.
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TABLE 2. Comparison of lung ultrasonography with clinical assessment and BIA for fluid overload.

TABLE 3. Comparison of the assessment of fluid overload by clinical evaluation with BIA.

Parameters compared with lung		  Ultrasound lung comet numbers		  P-value 

           ultrasonography	 Mild-to-Moderate	 Severe	 Very severe

	 	 15–29 (n=4)	 30–59 (n=28)	 ≥ 60 (n=4)	

Clinical edema positive††	 25.0%	 21.4%	 75.0%	 0.11

Lung auscultation positive†††	 25.0%	 32.1%	 100.0%	 0.03*

Clinical edema and lung auscultation positive	 25.0%	 10.7%	 75.0%	 0.02*

BIA hyperhydration†	 75.0%	 64.3%	 100.0%	 0.568

†BIA hyperhydration, ΔHS > 15%, ††Clinical edema positive score > 2, †††Lung auscultation positive, score > 3. 
*Statistically significant: P-Value compared between group.

Compared parameters with BIA hyperhydration†	 Accuracy*	 Sensitivity*	 Specificity*

Clinical edema positive††	 38.9	 25.0	 66.7

     	 (23.0-54.8)	 (7.7-42.3)	 (40.0-93.3)

Lung auscultation positive†††	 55.6	 45.8	 75.0

     	 (39.3-71.8)	 (25.9-65.8)	 (50.5-99.5)

Clinical edema or lung auscultation positive	 52.8	 50.0	 58.3

    		 (36.5-69.1)	 (30.0-70.0)	 (30.4-86.2)

Clinical edema and lung auscultation positive	 41.7	 20.8	 83.3

     	 (25.6-57.8)	 (4.6-37.1)	 (62.2-104.4)

†BIA hyperhydration, ΔHS > 15%, ††Clinical edema positive score > 2, †††Lung auscultation positive, score > 3. 
*Presented as percentage and 95% confidence interval

3 groups, as shown in Table 4. The number of ultrasound 
lung comets showed a moderate negative correlation with 
the left ventricular ejection fraction (LVEF) (r = -0.48, P = 
0.02) (Table 5). The mean LVEF in patients with very severe 
ULC was 37.6±23.4%, which was significantly lower than 
those in the patients with mild-to-moderate and severe 
ULC (p = 0.03). Other echocardiographic parameters 
such as the mean left ventricular mass index (LVMI), 
mean left atrial volume index, and mean pulmonary 
arterial pressure (mPAP) were not correlated with the 
number of ultrasound lung comets. 

All-cause mortality, hospitalization, and intradialytic 
complications 
	 After a 1 year follow-up period, 3 deaths occurred 
(one patient in each ULC group), and the causes of all 
the deaths were infections (Table 6). Patients with very 
severe ULC had a significantly higher admision rate due 
to fluid overload. There was no significant difference in 
all-cause admission, admission due to infection, and 
admission due to cardiovascular disease (CVD) between 
the 3 groups. Intradialytic blood pressure, interdialytic 
weight gain, and ultrafiltration rate were not statistically 
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TABLE 4. Comparison of the cardiac echocardiography findings in each ULC group.

TABLE 5. Correlation between ultrasound lung comets and echocardiographic parameters.

                  Variables		  ULC numbers		  P-value

		  Mild-to-moderate	 Severe	 Very severe
	 	 15–29 (n=2)	 30–59 (n=20)	 ≥ 60 (n=3)	

LV end-diastolic volume index, mL/m2	 50.7±16.1	 63.5±20.9	 53.1±19.4	 0.55

LV end-systolic volume index, mL/m2	 22.6±12.7	 25.0±14.3	 29.0±25.9	 0.89

LVEF, %	 57.1±11.3	 62.0±12.5	 37.6±23.4	 0.03*

LVMI, g/m2	 130.0±14.1	 133.1±36.9	 142.0±46.9	 0.92

LA volume index, mL/m2	 34.9±12.9	 46.3±15.7	 52.7±23.9	 0.51

mPAP, mmHg	 27.6±17.6	 28.8±11.3	 36.7±1.8	 0.65

RAP, mmHg	 10.0±7.1	 7.8±3.1	 11.67±2.9	 0.17

RVSP, mmHg	 36.9±14.8	 50.4±19.2	 52.2±17.9	 0.62

Abbreviations: left ventricle (LV), LV ejection fraction (LVEF), LV mass index (LVMI), left atrium (LA), mean pulmonary arterial pressure 
(mPAP), right atrial pressure (RAP), right ventricular systolic pressure (RVSP).
*Statistically significant: P-Value compared between group.

Variables	 Pearson’s correlation coefficient	 P-value

LV end-diastolic volume index, mL/m2	 0.09	 0.65

LV end-systolic volume index, mL/m2	 0.24	 0.27

LVEF, %	 -0.48	 0.02*

LVMI, g/m2	 0.26	 0.22

LA volume index, mL/m2	 0.21	 0.32

mPAP, mmHg	 0.37	 0.16

RAP, mmHg	 0.27	 0.23

RVSP, mmHg	 0.25	 0.33

Abbreviations: left ventricle (LV), LV ejection fraction (LVEF), LV mass index (LVMI), left atrium (LA), mean pulmonary arterial pressure 
(mPAP), right atrial pressure (RAP), right ventricular systolic pressure (RVSP).
*Statistically significant: P-Value compared between group.

different between the 3 groups. Patients in the very severe 
and severe ULC groups tended to have more frequent 
episodes of intradialytic hypotension and intradialytic 
hypertension; however, this did not reach statistical 
significance. (supplement Table 1)

DISCUSSION
	 The present study showed that when BIA was used as 
the gold standard, routine physical examinations, either 
clinical edema or lung auscultation, had low sensitivity 
(25% and 45.8%, respectively) to detect extracellular 
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TABLE 6. All-cause mortality and morbidities according to the severity of ultrasound lung comets.

           Outcomes		  ULC numbers		  P-value

		  Mild-to-moderate	 Severe	 Very severe
	 	 15–29 (n=4)	 30–59 (n=28)	 ≥ 60 (n=4)	

All admissions	 1 (25%)	 14 (50%)	 2 (50%)	 0.64

Admission due to infection	 1 (25%)	 7 (25%)	 2 (50%)	 0.58

Admission due to CVD	 0	 1 (3.6%)	 1 (25%)	 0.19

Admission due to fluid overload	 0	 1 (3.6%)	 1 (25%)	 0.02*

Dead	 1 (25%)	 1 (3.6%)	 1 (25%)	 0.15

Abbreviations: ultrasound lung comet (ULC), cardiovascular disease (CVD).
*Statistically significant: P-Value compared between group.

volume excess, and had specificities of 66.7% and 75%, 
respectively. Although the presence of both clinical 
edema and lung auscultation had high specificity (83%) 
in detecting fluid overload, the sensitivity was only 20.8%. 
When lung ultrasonography was used as the gold standard, 
the sensitivity of lung auscultation to detect extravascular 
lung fluid excess was 32% and 25% in the patients with 
severe ULC and mild-to-moderate ULC, respectively. 
Lung crackle was found to be associated with high 
accuracy for evaluating pulmonary congestion only in 
patients with very severe ULC. Similary, clinical edema 
was found in only 25% and 21.4% of the patients in the 
mild-to-moderate and severe ULC groups, respectively. 
Our findings were consistent with Torino et al.’s study, 
which reported a sensitivity of 10%–30% for peripheral 
edema and/or pulmonary crackles in the detection of 
extravascular water in ESKD patients as compared with 
lung ultrasonography.4 Likewise, another meta-analysis 
compared these two clinical parameters in the diagnosis 
of volume overload in patients presenting with dyspnea, 
compared with radio-isotropic study, which revealed a 
sensitivity of 50%–60%.17 Although lung auscultation is a 
simple method, when compared with lung ultrasound it 
is evidently insensitive to detect extravascular lung water 
in many conditions, such as acute or chronic heart failure, 
critical care, and ESKD settings.4,8,18,19 Lung ultrasound, 
however, may help in detecting subclinical extravascular 
lung water excess and may provide a useful monitoring 
tool for fluid management in HD patients.
	 Many studies have shown a correlation between 
extracellular fluid volume status assessed by BIA and 
extravascular lung water evaluated with lung ultrasound. 

Siriopol et al. found a significant correlation between 
the lung ultrasound congestion score and BIA-derived 
parameters12, while Ngoh et al. found that more than 
60% of chronic HD patients with a normohydration 
status had moderate or severe lung congestion on lung 
ultrasound.20 Consistent with these previous studies, our 
results showed that all the patients with very severe ULC 
had a hyperhydration status as assessed by BIA; whereas, 
25% and 35.7% of HD patients with a normohydration 
status had mild-to-moderate ULC (15–29) and severe 
ULC (30–59) as assessed by lung ultrasound, respectively. 
This difference may be due to the principles of the fluid 
compartmental volume assessment of each technique; 
whereby, whole-body BIA evaluates the extracellular 
fluid component, while lung ultrasound evaluates only 
extravascular lung water, which is largely attributable 
to the severity of the underlying cardiac dysfunction. 
This could explain why clinical and BIA assessment have 
limited value in determining extravascular fluid excess in 
the lung. The presence of excess extravascular lung water 
is an important contributor to a patient’s symptoms, and 
is a major predictor of hospitalization and mortality in 
HD patients21; whereas, BIA-guided fluid management 
may not be associated with long-term survival.12 
	 The prevalence of pulmonary congestion determined 
as severe or very severe ULCs in the present study was 
88%, which was higher than the prevalent reported in 
previous studies (27%–32%)4,12 The dissimilarity in these 
results might be associated with the longer dialysis vintage 
in the present study (mean 105.5±74.2 months) compared 
to the other studies (30–85 months). In patients with 
very severe ULC, LVEF was significantly lower than in 
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the other less severe ULC groups, while the LVMI, left 
atrial volume index, mPAP, RAP, and RVSP tended to be 
higher. These echocardiographic findings are similar to 
previous studies12,22 and it may be due to the direct effect 
of volume overload on the heart chambers, which may 
be associated with an increased risk of cardiovascular 
event-related mortality.
	 A previous study24 demonstrated an independent 
predictive value of the severe lung ultrasound comet 
score for mortality and cardiac events. Our result showed 
that in patients with very severe ULC, the admission 
rate due to volume overload was significantly higher, 
and there was a trend of an increased mortality and 
all-cause admission rate at the 3-month and 1-year 
follow-up periods, as well as intradialytic complications. 
Our results did not demonstrate a strong correlation 
between the lung ultrasound comet score with mortality 
and morbidity as in previous studies4,12, which could 
be explained by the small sample size of our study and 
hence the limited preliminary data. 
	 There are some limitations in this study to note. 
First, we did not assess the inter- and intraobserver 
agreement in lung ultrasound findings. However, the 
lung ultrasound scan in this present study was performed 
by 2 radiologists with 15 years’ experience of ultrasound 
procedure, who were blinded from the results of the 
other volume status measurement methods. Second, the 
measurement of ultrasound lung comets has some patient-
dependent limitations (such as obesity, interstitial lung 
diseases), which may cause inaccuracy or false–positive 
ULC findings. We tried to combat this by excluding all 
possible known conditions that may interfere with image 
interpretation. Third, this preliminary result is limited 
by the small sample size, it needs a larger population 
study for provide more conclusive evidence of the benefit 
of fluid assessment by lung ultrasound and prognostic 
value significance of the presence of ULC in Thai chronic 
HD patients. However, this preliminary result shows 
the promising approach by using lung ultrasound to 
detect subclinical pulmonary congestion, and it may 
be a useful tool to guide management of extravascular 
lung water excess, which is a major factor for mortality 
and morbidities in HD patients. 

CONCLUSION
	 Fluid overload assessed by physical examinations and 
BIA have limited value for early detecting extravascular 
lung water in HD patients. Lung ultrasound can be 
used as a noninvasive point-of-care tool for detecting 
subclinical pulmonary congestion and may provide semi-
quantitative guided fluid management in HD patients. The 

benefits for the long-term outcomes regarding morbidity 
and mortality by using lung ultrasound-guided fluid 
management to adjust patients’ dry weight need to be 
studied in a larger population.
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Predictive Factors of Intravesical Recurrence after 
Ureteroscopy in Upper Urinary Tract Urothelial 
Carcinoma Followed by Radical Nephroureterectomy

ABSTRACT
Objective: To investigate the risk factors of developing intravesical recurrence (IVR) in patients with upper urinary 
tract urothelial carcinoma (UTUC) who underwent ureterorenoscopy (URS) before radical nephroureterectomy 
with bladder cuff excision (RNU). 
Materials and Methods: This retrospective study collected data from the medical records of patients diagnosed 
with UTUC between January 2012 and December 2019. All the patients underwent ureteroscopy before radical 
surgery. Patients previously diagnosed with bladder cancer were excluded. A total of 63 patients were included in the 
study. Tumour factors, such as multiplicity, location, size, histologic grade, pathologic T-stage, and lymphovascular 
invasion status, were evaluated. The type of endoscopic procedure and time interval between URS and RNU were 
analysed to determine the factors affecting IVR.
Results: The associated factors with IVR included multifocal tumours (HR = 4.8 (1.9–11.9)), large size tumours 
greater than or equal to 4 cm (HR = 3.3 (1.5–7.0)), and time interval greater than or equal to 5 weeks between URS 
and RNU (HR = 2.6 (1.2–5.5)). Factors including tumour location (kidney or ureter), size, grading, T-stage, and 
lymphovascular invasion as well as the type of endoscopic procedure were not at high risk for IVR. 
Conclusion: The predictive factors of IVR for UTUC patients who underwent URS before RNU included a multiplicity 
of primary tumours and a tumour size greater than or equal to 4 cm, while a time interval between URS and RNU 
greater than or equal to 5 weeks increased the risk of IVR. 
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INTRODUCTION
	 Upper urinary tract urothelial carcinoma (UTUC) is 
an uncommon malignancy accounting for about 5–10% 
of urothelial carcinomas.1-3 Radical nephroureterectomy 
with bladder cuff excision (RNU) is considered as the 
gold standard procedure for localised UTUC because it 

provides effective control and improves cancer-specific 
survival.4,5 
	 A unique feature of urothelial carcinoma is the 
formation of multifocal tumours simultaneously and 
subsequently. Thus, the development of a tumour on the 
other side throughout the collecting system is possible in 
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patients with primary UTUC.6-8 The most common site 
of recurrence is the bladder. The intravesical recurrence 
(IVR) rate in patients who underwent RNU was found 
to be as high as 15–50%, while 5–10% of patients with 
IVR developed muscle invasive disease.9,10 Thus, IVR is 
related to the risk of disease progression as well as an 
increased overall cost of treatment and decreased quality 
of life resulting from surveillance cystoscopy and bladder 
tumour surgery.11 
	 Due to recent advancements in endoscopic technology, 
ureterorenoscopy (URS) is now increasingly used for 
the diagnosis and treatment of UTUC. This procedure 
is considered minimally invasive and pain-killers are 
not extensively required.12 Several previous studies have 
reported that URS improved the accuracy of definitive 
diagnosis, staging, and histopathologic grading for 
UTUC.13-15 URS has now become the method of choice 
to evaluate UTUC before performing definite surgery or 
for treating the disease following kidney sparing surgery. 
 	 However, there are many concerns that URS affects 
the long-term outcome of UTUC. Several studies have 
reported an association between URS and an increased risk 
of IVR but did not specify the risk factors involved.13,16-21 

Intravesical chemotherapy has been recommended for 
patients who underwent URS before RNU to prevent IVR, 
but this may not be universally suitable.11,22,23 Therefore, 
here, the risk factors were evaluated for IVR in UTUC 
patients who underwent URS before RNU. The results 
may elucidate the patient choices available for future 
IVR prevention. 

MATERIALS AND METHODS
	 This retrospective study reviewed the medical records 
of UTUC patients who underwent URS before RNU at a 
university hospital between January 2012 and December 
2019. The study was approved by the ethics committee 
of the institute. (COA no. Si 648/2019) All the patients 
participated in a surveillance program that included 
physical and laboratory examination, cystoscopy, and 
imaging studies. None of the patients received intravesical 
chemotherapy before the first IVR. Patients who were 
previously diagnosed with bladder cancer, locally advanced 
UTUC, or metastatic disease at the first diagnosis and 
those who had absences in the surveillance program were 
excluded. Data from the medical records were collected 
as case record forms and classified as follows:
	 1.	 Patient characteristics, including gender, age  
		  at the first diagnosis, and follow-up interval.
	 2.	 Disease factors (final pathologic report of the  
		  RNU specimen), including: 
		  i   Multiplicity of the tumour (unifocal, multifocal)

		  ii    Location of the tumour (renal calyx or pelvis,  
		       upper ureter, and lower ureter)
		  iii  Tumour size; cumulative (mm)
		  iv  Histologic grading
		  v   Pathologic T-stage 
		  vi  Lymphovascular invasion.
	 3.	 Procedural factors, including: 
		  i   The endoscopic procedure (URS alone, URS  
		     with biopsy, URS with laser ablation, URS  
		      immediately followed by RNU)
		  ii  Time interval between URS and RNU (weeks).
	 4.	 Outcomes, including the incidence of IVR,  
		  time interval between URS and the first IVR, and  
		  total number of IVR during surveillance. 
	 The endoscopic procedure was performed utilising 
semi-rigid or flexible ureteroscopy. Tumour biopsy was 
performed using a basket or cup biopsy forceps, while 
laser ablation was performed utilising a holmium:YAG or 
thulium:YAG laser depending on the surgeon preference. 
	 Radical nephroureterectomy was performed as different 
approaches, including open surgery (retroperitoneal 
through flank incision), laparoscopy (transperitoneal 
and retroperitoneal), and transperitoneal robotic-
assisted. Distal ureter and bladder cuff excision for all 
the nephroureterectomy approaches was performed in 
one fashion through a low small transverse incision as 
a similar incision to extract the kidney. All the bladder 
cuff excisions were performed using an extravesical 
approach.
	 The patients’ demographics, disease factors, and 
procedural factors were compared between the IVR and 
non-IVR patients. The independent t-test (normality) 
or Mann–Whitney U-test (non-normality) were used 
to assess quantitative data, while the chi-square test or 
Fisher’s exact test were utilised for qualitative data. All 
the continuous data are shown herein as the median 
and interquartile range and an ROC curve was used to 
determine the appropriate cut-off value that showed a 
significant relationship with IVR. Factors with a p-value 
< 0.05 were considered statistically significant. Kaplan–
Meier analysis was utilised to calculate the recurrence-free 
survival, while Cox-regression analysis was employed to 
predict the factors affecting IVR. Factors with a p-value 
< 0.05 in the univariate analyses were enrolled into the 
multivariate analyses. 

RESULTS
	 Out of the 63 patients included in this study, 29 
(46.0%) developed IVR during surveillance. The median 
time to develop the first IVR after the endoscopic procedure 
was 8.0 (4.5–11.5) months. The median number of total 



Volume 75, No.3: 2023 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index236

IVR during the follow-up period was 2.0 (1.0–3.0). 
	 The patient characteristics for both the non-IVR 
and IVR groups are shown in Table 1. There were no 
differences in the proportions between the two groups 
in terms of the gender, age at the first diagnosis, and 
follow-up interval (from the first diagnosis to the last 
visit). 

Disease factors
	 Tumour multiplicity showed a significant difference 
between the non-IVR and IVR groups (p-value = 0.002) 
(Table 1). Comparing tumour multiplicity, 100% of patients 
who had multifocal primary tumours developed IVR, 
while the unifocal tumours did not significantly lead to 
the development of IVR among the various tumour sites 
(renal calyx or pelvis, proximal ureter, and distal ureter). 
Univariate analyses showed an increased risk of IVR for 
multifocal tumours (HR, 4.8; 95%CI, 1.9–11.9; p-value 
= 0.001) as well as in the multivariate analyses (HR, 4.3; 
95%CI, 1.7–10.9; p-value = 0.002) (Table 2). Kaplan–
Meier analysis revealed that the patients with unifocal 
tumours had a significantly higher rate of recurrence-free 
survival compared to patients with multifocal tumours 
(62.4 months vs 9.0 months, p-value < 0.005) (Fig 1).
	 Utilising the ROC curve to identify an appropriate 
cut-off value showed that a tumour size of 40 mm or 
larger had a higher rate of IVR than smaller tumours 
in both univariate analyses (HR, 3.3; 95%CI, 1.5–7.0; 
p-value = 0.002) and multivariate analyses (HR, 3.0; 
95%CI, 1.4–6.5; p-value = 0.005). Patients with tumours 
smaller than 40 mm also had a significantly higher rate 
of recurrence-free survival compared to patients with 
tumours larger than 40 mm (68.8 months vs. 31.3 months, 
p-value < 0.001) (Fig 2).
	 Histologic grading, pathologic T-stage, and presenting 
with LVI did not affect the IVR (p-value = 0.72, 0.38, 
and 0.65, respectively).	
	
Procedural factors
	 The time interval between URS and RNU demonstrated 
a significant difference between the non-IVR and IVR 
patients (p-value = 0.03). Utilising the ROC curve, a 
cut-off value of 5 weeks showed an association with 
IVR (p-value = 0.01). A time interval of 5 weeks or 
longer was related to an increased risk of IVR in the 
univariate analyses (HR, 2.6; 95%CI, 1.2–5.5; p-value = 
0.01); however, the multivariate analyses did not show 
a significant association. Patients who underwent RNU 
less than 5 weeks after the first endoscopic intervention 
had a higher rate of recurrence-free survival (69.3 months 
vs. 35.7 months, p-value < 0.01) (Fig 3). 

	 No difference in developing IVR was shown among 
the various types of initial endoscopic procedures (p-value 
= 0.36).

DISCUSSION
	 Although preoperative URS has been associated 
with an increased risk of IVR, this endoscopic procedure 
remains popular in the diagnosis and treatment of UTUC. 
Preoperative URS is crucial, especially in cases of controversial 
radiographic findings or in those considering kidney 
sparing surgery.24 A previous study reported that 3% of 
patients who had suspected UTUC and who underwent 
RNU had benign pathologic findings. The suggestion to 
perform preoperative ureteroscopy undoubtedly improves 
precise decision-making before radical surgery.25 
	 Many studies have demonstrated that IVR after 
endoscopic management of UTUC does not affect the 
long-term outcome and cancer-specific mortality. Gurbuz 
et al. reported that UTUC patients without preoperative 
URS had a similar 5-year survival rate compared with 
UTUC patients who received preoperative URS (77% 
vs. 73%, p-value = 0.4).26 Sankin et al. reported a similar 
result, whereby patients with preoperative URS had a 
significantly higher IVR compared with patients without 
preoperative URS, but there were no significant differences 
in cancer-free survival and metastatic-free survival.20 

Therefore, IVR remains a factor to be considered when 
opting for URS.
	 Our results revealed that a multiplicity of tumours was 
a risk factor in developing IVR. Patients with multifocal 
tumours had 100% IVR and also a significantly lower 
recurrence-free survival rate compared with those suffering 
from unifocal tumours. Sung et al. also reported that 
multifocal tumours were a predictive factor of IVR after 
RNU21, while Kang et al. reported a 3-fold greater risk of 
IVR in patients with multifocal tumours and recommended 
that these high-risk patients should be closely followed 
up.6 There was no difference in risk of IVR among various 
tumour locations, including intrarenal, and proximal 
and distal ureter, which had unifocal tumours. 
	 This study reported a correlation between the tumour 
size and an increased risk of IVR. Patients who had a 
tumour size of 40 mm or larger were at a 3-fold greater 
risk of developing IVR (p-value = 0.005). Shibing et al. 
reported that a tumour size larger than 3 cm was an 
adverse prognostic factor for cancer-specific survival, 
recurrence-free survival, and overall survival in UTUC 
patients who had undergone RNU with or without URS.27 
	 Other previous studies reported that delaying radical 
surgery according to preoperative URS was associated 
with an increased risk of IVR. Lee et al. noted that UTUC 
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TABLE 1. Patient characteristics among the IVR and non-IVR groups.

Characteristic	 Non-IVR group	 IVR group	 P-value

Patient demographics			 

	 Gender n (%) 			   0.06

		  Male	 15 (42.9%)	 19 (67.9%)	

		  Female	 20 (57.1%)	 9 (32.1%)	

	 Age at the 1st diagnosis (year), median [IQR]	 68 [61-76]	 71 [64-79]	 0.35

	 Follow-up interval (month), median [IQR]	 45 [33-67]	 48 [29-72]	 0.98

Disease factors			 

	 Multiplicity of the tumour n (%)			   0.002

		  Unifocal tumour	 35 (100.0%)	 21(75.0%)	

		  Multifocal tumour	 0 (0.0%)	 7 (25.0%)	

	 Location of unifocal tumour n (%)			   0.33

		  Renal calyx or pelvis 	 23 (65.7%)	 10 (47.6%)	

		  Upper ureter 	 6 (17.1%)	 4 (19.1%)	

		  Lower ureter	 6 (17.1%)	 7 (33.3%)	

	 Size of the tumour (mm), median [IQR]	 28 [18-34]	 34 [25-48]	 0.04

	 Histologic grade n (%)			   0.72

		  Low grade	 6 (17.1%)	 3 (10.7%)	

		  High grade	 29 (82.9%)	 25 (89.3%)	

	 Pathologic T-stage n (%)			   0.38

		  T1 or lower	 22 (62.9%)	 14 (50.0%)	

		  T2	 6 (17.1%)	 9 (32.1%)	

		  T3 or higher	 7 (20.0%)	 5 (17.9%)	

	 LVI n (%)			   0.65

		  Not present	 33 (94.3%)	 25 (89.3%)	

		  Present	 2 (5.7%)	 3 (10.7%)	

Procedural factors			 

	 Initial endoscopic procedure n (%) 			   0.36

		  URS alone	 5 (14.3%)	 2 (7.1%)	

       URS with biopsy	 12 (37.1%)	 17 (57.1%)	

       URS with laser ablation	 3 (8.6%)	 3 (10.7%)	

       URS followed by immediate- 

	 RNU	 14 (40.0%)	 7 (25.0%)	

	 Time interval between URS and	 2 [1-7]	 6 [2-10]	 0.03   

	 RNU (week), median [IQR]	

Abbreviations: IVR = intravesical recurrence; LVI = lymphovascular invasion; URS =  ureteroreno-scopy; RNU = radical nephroureterectomy 
with bladder cuff excision.
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TABLE 2. Univariate and multivariate analyses of the factors associated with intravesical recurrence.

Characteristic	 Univariate analyses	 Multivariate analyses
			   HR (95% CI)	 P-value	 HR (95% CI)	 P-value

	 Location of tumour				  

		  Unifocal tumour	 1	 -	 1	 -

      Multifocal tumour	 4.8 (1.9-11.9) 	 0.001	 4.3 (1.7-10.9)	 0.002

	 Size of tumour				  

		  < 40 mm	 1	 -	 1	 -

	 	 ≥ 40 mm	 3.3 (1.5-7.0) 	 0.002	 3.0 (1.4-6.5)	 0.005

	 Time interval between URS and RNU+BCE 				  

		  < 5 weeks 	 1	 -	 1	 -

	 	 ≥ 5 weeks 	 2.6 (1.2-5.5) 	 0.01	 1.7 (0.7-3.9)	 0.19

Abbreviations: HR = hazard ratio; CI = confidence interval.

Fig 1. Intravesical free survival according to 
the location of the tumour

Fig 2. Intravesical free survival according to 
the size of the tumour
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patients who underwent a 2-session approach (separate 
sessions of URS and RNU) had a significant risk of IVR 
compared with patients who followed a 1-session approach 
(URS and RNU in the same session) or without diagnostic 
URS (HR, 3.6; 95%CI, 1.0–12.6; p-value = 0.04).28 However, 
they did not demonstrate an appropriate time interval 
between diagnostic URS and RNU that could reduce the 
risk of IVR. This study showed a significant association 
between delayed RNU and the risk of IVR at 5 weeks 
from the ROC curve. Univariate analyses showed that 
patients who had a time interval between URS and RNU 
of 5 weeks or longer were at a high risk of IVR (HR, 2.6; 
95%CI, 1.2–5.5; p-value = 0.01); however, multivariate 
analyses did not show a significant association.
	 An investigation of the role of post-operative 
intravesical therapy for preventing IVR after RNU using 
the ODMIT-C trial demonstrated that post-operative 
single-dose intravesical Mitomycin-C (MMC) following 
RNU appeared to reduce the relative risk of IVR in 
the subsequent year by approximately 40%.11 Wu et al. 
also reported a significantly lower IVR rate in patients 
who received either intravesical MMC or doxorubicin 
after RNU compared with those who did not.10 These 
studies reported the efficacy of intravesical chemotherapy 
in patients who underwent RNU regardless of URS 
before radical surgery. According to the risk factors 
identified in this study, the administration of intravesical 
chemotherapy should be considered for patients who 
underwent URS before RNU and who had multifocal 
tumours, a tumour size greater than 40 mm, and a time 
interval between preoperative URS and RNU of more 
than 5 weeks. However, further study is required to 
verify these findings. 

            There are several limitations of this study to note, 
including the small number of patients. UTUC is an 
uncommon cancer and not every patient underwent URS 
before RNU and other inclusion criteria as aforementioned. 
This retrospective study also had inherent bias from the 
different techniques used for the surgical procedure, 
which depended on the surgeon preference.

CONCLUSION
	 In this study, the risk factors of developing IVR in 
UTUC patients who underwent URS before RNU were 
evaluated as being a multiplicity of primary tumours and a 
tumour size greater than or equal to 4 cm. A time interval 
between preoperative URS and RNU of greater than or 
equal to five weeks was associated with an increased risk 
of IVR in the univariate analyses.	
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