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Editorial Statement 

 

Inaugural Issue of the IJPHS 

 

It is with much pleasure that we celebrate the inaugural issue of the International Journal of 

Public Health and Health Sciences (IJPHS). For the inaugural issue of IJPHS, I on behalf of editorial 

board would like to express our gratitude to all supporters and sponsors for such a first international 

journal for the Praboromajchanok Institute for Health Workforce Development (PBRI). We would like 

to dedicate and hardworking, together with PBRI leaders for kindly financial support to envision to 

become one of leading health sciences institutions in Southeast Asia focusing on public health and 

community health.  
PBRI is only one higher institution under Ministry of Public Health, Thailand and one of 

leading universities producing public health professions, registered nurses and allied health professions. 
It’s also known as His Royal Highness Prince Mahidol of Songkla or Father of Modern Public Health 

and Medicine in Thailand.  It former name was Institute of Health Manpower Development in 1993, 

combined with all public health, allied health and nursing colleges into PBRI.    Until recently, PBRI has 

been endorsed under His Majesty the King Maha Vajiralongkorn Bodindradebayavarangkun (King 

Rama X) on April 4, 2019. Originally, the nursing colleges and public health colleges have been 

inaugurated back long to the history for more than 70 years. The aims of PBRI are to strengthen the 

efficiency and management of health workforce development for health personnel for serving 

throughout all regions of Thailand, especially in rural areas.  
IJPHS aims to publish original articles and contributions relevant to public health and medical 

sciences. It is a non-profit, peer-reviewed, open-access, international, scientific journal that publishes 

articles in areas of health sciences disciplines. The scope of the IJPHS is broad, covering the following 

categories: original articles, reviewed articles, special articles, case reports, correspondence, and others 

in the fields of public health, medical sciences and related allied health. Three issues will be published 

annually.  Authors from all areas of health and medical sciences are invited to submit scientific papers 

and contribute in this journal. First inauguration issue is consisting of interesting variety topics 

covering public health and medical sciences which you can download articles in the journal at the 

website https://www.tci-thaijo.org/index.php/ijphs 

 The editorial board of IJPHS sincerely hope that the members, faculty members, students, 

medical, nursing and public health personnel as well as alumni who are interested in obtaining more 

detail from original articles, reviews, and other to use or transform research information into teaching 

and research fields.  
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Lifestyle-Appropriate Peer Supports for Glycemic Control 

among Type 2 Diabetes Patients in Thailand  
 

Boosaba Sanguanprasit1, Pimsurang Taechaboonsermsak2, Kanonkarn 
Mekanantachai1, and Sirinun Charoenphol1 

 

1Boromarajonani College of Nursing Nopparat Vajira1 Mahidol 2University 

Faculty of Public Health 

 

Abstract  
Diabetes, a worldwide health problem, is a chronic, lifelong 

condition which requires continuous self-care management to keep 

glycemic level under control. More often than not, self-care management 

is short-lived if not appropriately supported. This quasi-experimental study, 

three-group pre-post-test was carried out to assess the effects of context and 

lifestyle appropriate peer support models in an agricultural and non-
agricultural communities. A total of 58 and 30 type 2 diabetes patients were 

recruited into the intervention and comparison groups, respectively. Out of 

58 patients in the intervention group, 29 patients each were selected from 

an agricultural community and from non-agricultural community to 

observe different peer support models and glycemic levels between these 

two groups and in the comparison group.  The inclusion criteria included 

aged 35 – 75 years, fasting blood sugar (FBS) lied between 30 – 300 mg/dl, 

and systolic blood pressure did not exceed 200 mmHg.  Trans-theoretical 

Model, participatory learning, inclusive planning, and social support were 

used to guide the intervention activities to increase knowledge and self-
care management behaviors. Twenty village health volunteers in the 

experimental areas were recruited and trained to function as peer 

supporters. The intervention lasted six months from July to December 

2011.  After the intervention, patients in both experimental groups 

significantly improved their self-care management and reduced HbA1C 

from 8.02 to 7.5% (p-value<0.05) in agricultural and from 8.54 to 7.60% in 

non-agricultural group (p-value<0.01), while those of the comparison group 

slightly increased. Two different peer support models were identified in 

the agricultural and non-agricultural communities. Results from this study 

showed that peer supports appropriately tailored to the context and 

lifestyle of diabetes patients could significantly increase knowledge, 

improve self-care management, reduce BMI and blood sugar levels of the 

patients. It is suggested that peer support using context and lifestyle 

appropriate strategies be integrated into country health care system to 

make self-care management among chronically ill patients sustainable. 
 

Key words: glycemic control, lifestyle-appropriate peer supports, self-care 

management 
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Introduction 

Diabetes mellitus (DM) is a worldwide 

health problem and has been increasing in 

numbers. It was estimated that 629 million 

adults of the world population would have 

diabetes in 2045 and over 60% of which lived in 

Asia. Thailand is no exception. The prevalence 

of diabetes in the country rose from 7.7% in 2009 

to 9.9% in 2014 and caused 30,000 DM related 

deaths annually (Aekplakorn et. al, 2018). Only 
about 30% and 41% of diabetes patients in urban 

and in rural areas, respectively, were able to 

control their blood glucose within normal blood 

levels (Pethchit, 2015; Worawongprapa, 2008; 

Mayurasakorn et. al, 2009). Uncontrolled 

glycemic level can lead to complications, and 

the severity of which is well documented (ADA, 

2008; WHO, 2007; Sanguanprasit et. al, 2016).  
Self-care management which includes 

healthy eating, proper exercise, stress 

management, and foot care, mostly affected by 

individuals’ gender, age, education and 

sufficiency of household income (Henderson et. 
al, 2011), is essential for type 2 diabetes patients 

to effectively control their glycemic levels and 

reduce the risks of acquiring associated 

complications. However, such self-care 

management is often short-lived and faded soon 

after the end of an education program (Becker, 

1974).  
Evidences from previous studies 

showed that the majority of diabetes patients in 

Thailand had inappropriate self-care 

management in controlling eating and exercise 

behaviors (Aekplakorn et. al, 2018; 

Mayurasakorn et. al, 2009; Sanguanprasit et. al, 

2016).  Healthy behaviors can be promoted by 

raising persons’ perceived threat of developing 

serious complications and developing their self-
efficacy in diabetes self-care management 

through learning processes (Bandura, 1977; 

Lerman& Glanz, 1997; Henderson et. al, 2011; 

Brownson & Heisler, 2009).  Since diabetes self-
care management is a life-long practice, the 

patients need suitable, context appropriate 

supports to maintain their health behaviors 
(Brownson & Heisler, 2009; Fisher et. al, 2015; 

Fisher et. al, 2010; Sanguanprasit et., al, 2011; 

Fisher et. al, 2012).  To this end, the concept of 

peer supports will be an effective strategy in 

helping the patients to develop and sustain their 

self-care management. 
Peer support, defined as the provision of 

support from an individual with experiential 

knowledge based on a sharing of similar life 

experiences, is broadly feasible and sustainable, 

usually provided within a volunteering 

framework and can be delivered in many ways, 

including group or individual support or 

through more remote formats such as telephone 

or internet-based support that are appropriate for 

patients’ lifestyle and context.  Peers can be 

family members, friends, community people, 

volunteers, or peer patients.  Supports provided 

by peer include assistance in daily management 

of diabetes, social and emotional support and 

linkage between community and health system. 
Nonprofessionals could well contribute to 

supporting patients’ self-care management and 

glycemic control (Sanguanprasit et. al, 2011; 

Dale et. al, 2009; Sacco et. al, 2009). The 

approach has been widely implemented using 

different methods of support. However, most 

peer support programs previously carried out, 

the activities of which were predominately 

determined and designed by researchers and the 

sustainability of the programs was questionable 
(Fisher et al, 2015). 

Village health volunteers (VHVs) which 

is part of Thailand’s primary health care were 

chosen to function as peer supporters in this 

study because they have been trained to help 

local health staffs in various health promotion 

and disease prevention programs as well as to 

undertake simple tasks as taking temperature, 

measuring blood pressure, wound dressing, and 

first aid.  Therefore, they could be a good choice 

for peer support to promote self-care 

management among DM type 2 patients 
(Sanguanprasit et. al, 2016). 
 Currently, there are few health 

promotion programs for diabetes patients in 

Thailand that yield sustainable benefits.  To 

make behavior modification sustainable 

requires innovative approaches that are suitable 

for context and lifestyle of the subjects. Take 

agricultural and non-agricultural communities 

as an example, these two communities differ in 

terms of structure, lifestyle, daily activities, and 
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facilities such that no one health promotion 

program can fit both.  Therefore, the aim of this 

study was to assess the effectiveness of the 

context and lifestyle appropriate peer support 

models in agricultural and non-agricultural 

communities using VHVs as peer supporters to 

develop and sustain self-care management 

among diabetes type 2 patients. Inclusive 

planning, team learning, and social supports 

would be used to empower the patients in 

designing and implementing activities as well 

as monitoring and evaluation of their health 

behaviors. 
It was hypothesized that type 2 diabetes 

patients who participated in the program in both 

agricultural and non-agricultural communities, 
compared with their base-line information and 

with the comparison group, would have higher 

mean scores of diabetes knowledge, self-care 

management, reduced body mass index (BMI) 
and HbA1C level by the end of the program.  
Glycemic control in this study was defined as 

patients’ ability to reduce their glycemic levels 

as measured by HbA1C.  Non-agricultural 

community is defined as the community where 

more than 50% of income generation is 

associated with wage work or self-employment 

including agro-processing and setting up a small 

or adaptive (switching from cash crop 

cultivation to commodity trading) business 

(Davis and Pearce, 2001). 
 

Research Methodology 

 

The study was a quasi-experimental 

design, three-group, pre-post-test. 
Study Population and Sample 

 Two provinces, Suphan Buri in the 

central, and Nakhon Ratchasima in the 

northeast region, were selected based on high 

prevalence of type 2 DM and the willingness of 

the provincial chief medical officer to 

participate in the study. An agricultural and a 

non-agricultural community were selected from 

Suphan Buri province as an experimental and 

comparison group, respectively. A non-
agricultural community was selected from 

Nakhon Ratchasima province. All groups were 

selected from comparable settings in terms of 

age, gender, and sufficiency of household 

income.  
 

Sample size 

The number of the patients included in 

the study was calculated by using the mean 

HbA1C of diabetes patients before the 

intervention which was 8.2 and the mean 

reduction in HbA1C level from baseline among 

patients without an intervention which was 0.2% 
with standard deviation of 1.5% (Howteerakul et. 
al, 2007). We believed that the intervention 

would further decrease patient’s HbA1C level 

by 2% with the smallest change of HbA1C level 

was 0.15.  A total of 84 patients (28 patients in 

each group) are needed to achieve 80% power at 

two-sided 5% significance level (Lwanga 

&Lemeshow, 1991).   
The inclusion criteria were having type 

2 diabetes, age between 35 – 75 years; and blood 

glucose not exceed 300 mg/dl. The patients were 

excluded if being treated with insulin; having 

severe complications such as renal failure, 

gangrene, or psychologically ill; and resting 

systolic blood pressure over 200 mmHg. A total 

of 58 and 30 patients were recruited into the 

experimental and comparison groups, 

respectively. 
 

Steps of the study 

 

The study was carried out in three 

phases: preparation, implementation and 

evaluation. 
1. Preparation phase 

Intervention mapping (Bartholomew et. 
al, 2001), a theoretical and evidence-based 

intervention, was used to guide the development 

of the intervention project. A structured 

questionnaire was developed to collect the data 

from the patients which included socio-
demographic information, height, body weight, 

HbA1C, knowledge about diabetes mellitus, 

and diabetes self-care management. The 

questionnaire was validated by experts in health 

behaviors, nutrition, and exercise; field tests for 

reliability were carried out in these two 

provinces but not in the study areas. The 

Cronbach alpha of self-care management was 

0.84 and KR-20 for knowledge was 0.79. 
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A preliminary survey was carried out 

using face-to-face interview.  Six focus group 

discussions were carried out among patients, 

volunteers and health staffs to identify problems 

and determinants related to patients’ self-care 

management and the volunteers’ ability to 

support diabetes patients. The results were used 

to develop a training curriculum for the village 

health volunteers to enhance their capacities in 

encouraging and supporting diabetes patients to 

develop and maintain their self-care 

management.  
The researchers met with VHVs in the 

respective experimental and comparison 

communities to inform them about the project 

and their roles. Ten VHVs each were recruited 

in the experimental groups to act as peer 

supporters. The criteria for selection included 

having at least two participating diabetes 

patients under his/her own care, being able to 

read and write Thai language, and willing to 

participate until the end of the study. Those who 

agreed to participate in the project signed the 

consent form. Twenty VHVs in the 

experimental groups were trained to enhance 

their knowledge and skills in diabetes 

management, inclusive planning, and context 

and lifestyle appropriate supports. 
2. Implementation   

After the training, VHVs and respective 

local health staffs met with diabetes patients to 

inform them about the study and asked them to 

join on voluntary basis and signed consent form.  
Medical records of those who agreed to join 

were reviewed to ensure their eligibility to join 

the study. They were then interviewed to assess 

health behaviors and lifestyle, and physically 

examined (height, weight, and blood pressure) 
and blood checked for HbA1C.  

In each experimental group, discussions 

among the participating patients, VHVs, and 

local health staffs, who provided technical 

supports was carried out to set behavior and 

glycemic control goals, map out activities plan 

including monitoring and evaluation, and 

support strategies and schedule, as agreed by 

the patients and the VHVs.  The researchers and 

responsible health staffs met with VHVs and 

patients in each group once a month to discuss 

activities, problems and obstacles; advice and 

moral supports were then provided accordingly.  
The intervention lasted six months. 

In the comparison group, the patients 

and VHVs were invited to participate in the pre 

and post intervention surveys.  These patients 

received usual care and supports provided by 

public health personnel and VHVs which 

included health education on diabetes mellitus, 

self-care management, and conventional home 

visit by health staffs and VHVs. 
3. Evaluation  

Face-to-face interview using structured 

questionnaire was used to evaluate the 

intervention; focus group discussions were used 

to identify the participants’ satisfaction. The 

indicators used in the evaluation were: 
Process measures included knowledge 

about diabetes mellitus and self-care 

management (eating and exercise behaviors, 

foot care, and stress management). 
Output measures or physiologic 

endpoints included HbA1C and body mass 

index(BMI). 
 

Data Management and analysis 

 Field supervision was carried out during 

data collection by the research team to ensure 

the quality of the data. The mean scores of 

knowledge, self-care management behaviors, 

BMI, and HbA1C levels between the two 

intervention and comparison groups were 

compared before and after the intervention, both 

within and between groups. Dependent t-tests 

was used to test the differences of the mean 

scores of the indicators within group and One-
way ANOVA was used to test the differences 
between the experimental groups against the 

comparison group. Due to unequal mean scores 

of the indicators among the three groups prior 

to the intervention, the mean changes of these 

variables were used to compare between groups. 
 

Ethical Approval 

The ethical clearance of this study No. 
MUPH2009-112 was issued by the Research 

Ethic Committee of the Faculty of Public 

Health, Mahidol University, Thailand.  
 

 

 

 



P a g e  | 5 

                                                                                              ISSN 2673-0200 (print) ISSN 2673-0251 (online)  
                                                                               

Results 

1. Peer Support Models 

Non-agricultural group 

The approaches used in this group were 

more formal and individualistic. A half-day 

diabetes camp was organized by the VHVs and 

local health staffs to provide the participants 

knowledge about diabetes and enhance their 

self-care management skills. Methods used in 

the diabetes camp included group discussions 

and sharing information among participants, 

demonstration and practice.  
The patients were divided into three 

zones according to the distribution of VHVs.  

Each zone consisted of 9 – 11 patients with 3-4 

VHVs who collaboratively worked with the 

patients to identify self-care problems and 

determinants, set appropriate goals, identify 

means to achieve these goals, methods and tools 

used to assess their actions. VHVs in each group 

took turn to visit the patients at home once every 

two weeks, as agreed upon by the patients. 

During the visit, VHVs observed and discussed 

the patients’ self-care management and 

provided advice and support accordingly. Most 

patients chose to exercise individually by brisk 

walking and bicycling. There was no formal 

gathering among the patients in the zone, but 

they occasionally met to share their experiences 

and provided each other moral support. 

Local health staffs functioned as 

technical supporters for the VHVs as needed. 
Agricultural group 

The approaches used by this group were 

predominantly non-formal and team-based. All 

VHVs and participants worked inclusively, 

from sharing information and experiences about 

diabetes, problems in glycemic control, 

planning for actions to be taken, implementing 

and monitoring the activities. Team learning 

was the main stream of all activities and the 

patients took active roles in proposing and 

leading the activities.  Exercise, done in group, 
led by the patients using appropriate technology 

such as stick (Mai Plong) exercise and hoo-la-
hoop, was carried out daily at a VHV’s house. A 

community organic garden was founded, a 

stationary bicycle was installed and used as an 

electricity generator for a water pump. The 

patients cycled the bike as a mean for exercise 

and at the same time watered the plants.  

Every two weeks all VHVs and the 

patients met at the health center to discuss their 

progress and obstacles.  Local health staffs were 

also present to provide additional information 

or advice if needed. After discussions, everyone 

would exercise and then cook a healthy meal 

which was served for lunch.  
Regular home visits were undertaken at 

least twice a month, on days agreed upon by 

VHVs and their patients. Patient folder was used 

to track patient’s progress and to provide 

guidance during home visits. VHVs in near-by 

villages worked as a team (usually 3-4 members 

per team) to visit patients under their care. 
During home visit the VHVs discussed the 

progress or any obstacles in diabetes 

management. Any problems beyond their 

capacity, the VHVs would call the local health 

staff for help and advice.  
2. Characteristics of the patients 

The three groups had comparable 

characteristics in terms of age, gender, 

education, and duration of having diabetes 

mellitus. About 55% of the participants in the 

agricultural group engaged in agricultural 

activities, while only 31% of those in the non-
agricultural group did and the comparison 

group fell in between. Results of the pre-test 

revealed that all groups were not statistically 

significant difference in terms of duration of 

having DM, knowledge about DM, self-care 

management, and HbA1C (tables 1 and 2). 
3. Within group comparison 

 Table 3 presents within group 

comparison of knowledge, selfcare 

management, BMI, and HbA1C levels of all 

groups. 
Knowledge about DM 

After the intervention, out of the total 

score of 28, the knowledge about diabetes 

mellitus of the experimental-agricultural group 

significantly increased from 18.5 to 24.6 (p-
value <0.001).  This was the only group that the 

mean score of the knowledge has significantly 

increased. While the knowledge of the non-
agricultural group reduced but not statistically 

significant; likewise, though the knowledge of 

the comparison group increased from 16.8 to 

17.6, this was not statistically significant. 
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Table 1. Socio-demographic characteristics of experimental and comparison groups before 

intervention 
 

 Factors 

Agricultural 
(n=29) 

Non-agricultural 
(n=29) Comparison (n=30) p-value 

N % N % N % 

Age (Mean) 60.69  61.72  59.43  NS 

(SD) 9.11  11.30  8.47   

Sex (% female) 23.00 79.30 20.00 69.00 24.00 80.00 NS 

Education level 

- No formal education 

- Primary 

- Secondary or higher 

 

- 
29 

- 

 

- 
100.00 

- 

 

- 
25 

4 

 

- 
86.20 

13.80 

 

2 

25           

3 

 

6.70 

83.30 

10.00 

NS 

Occupation 

- Agriculture 

- Unskilled worker 

- Others 

- Unemployed/housewives 

 

16 

4 

2 

7 

 

55.17 

13.89 

6.89 

24.13 

 

9 

7 

8 

5 

 

31.03 

24.14 

27.58 

17.24 

 

14 

9 

- 
7 

 

46.70 

30.00 

- 
23.39 

NS 

Household income 

- Sufficient 

- Insufficient 

 

12 

17 

 

41.30 

58.70 

 

13 

16 

 

44.82 

55.18 

 

15 

15 

 

50.00 

50.00 

NS 

 

Table 2. Mean scores of diabetes related information of experimental and comparison groups before 

intervention 
 

 Factors Agricultural (n=29) 
Non-agricultural 

(n=29) 
Comparison 

(n=30) p-value 

Mean SD Mean SD Mean SD 

Duration of DM 

(Years) 
6.07 4.79 8.80 5.60 6.00 3.80 NS 

Knowledge 18.06 5.09 18.55 4.19 16.83 5.18 NS 

Self-care management 77.00 7.13 76.18 7.10 76.60 8.67 NS 

BMI 25.89 4.17 25.82 3.26 26.64 4.12 NS 

HbA1C 8.02 1.88 8.54 2.34 7.57 1.68 NS 

 

Self-care management and BMI 

After the intervention, out of the total 

score of 100, the mean score of self-care 

management of the agricultural experimental 

group significantly increased from 77.00 before 

the intervention to 82.52 (p-value <0.01); while 

those of the non-agricultural group and the 

comparison group were not significantly 

increased.  The BMI among the agricultural and 

non-agricultural experimental groups 
significantly decreased from 25.8 to 24.53 (p-
value<0.05) and from 25.82 to 25.10 (p-

value<0.05), respectively; while that of the 

comparison group stayed almost the same.  
Glycemic control 

Despite the non-significant knowledge, 

and behavioral changes among the non-
agricultural experimental group, the reduction 

of HbA1C in this group was more prominent 
and significant, from 8.54 to 7.6% (p-value<0.01) 
than that of the agricultural group, from 8.02 to 

7.50% (p-value<0.05). While that of the 

comparison group non-statistically increased 

from 7.57 to 7.99%.  
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Table 3. Within group comparison of mean scores of factors, before and after intervention 

 

Factors Before After p-value 

Knowledge    

 Agricultural (n=29) 18.06 (5.09) 24.62 (2.42) <0.01 

Non-agricultural (n=29) 18.55(4.19) 18.34(3.89) 0.16 

Comparison (n=30) 16.83(5.18) 17.63(4.20) 0.52 

Self-care Management    

 Agricultural 77.00(7.13) 82.52(5.38) <0.01 

 Non-agricultural 76.18(7.10) 76.20(6.14) 0.42 

 Comparison 76.60 (8.67) 77.13 (7.39) 0.20 

BMI    

 Agricultural 25.89 (4.17) 24.53 (4.00) 0.05 

 Non-agricultural 25.82 (3.26) 25.20(3.05) 0.05 

 Comparison 26.64(4.12) 26.84 (4.78) 0.30 

HbA1C    

 Agricultural 8.02(1.88) 7.50 (1.50) 0.03 

 Non-agricultural 8.54 (2.34) 7.60(1.81) <0.01 

 Comparison 7.57 (1.68) 7.99 (2.00) 0.32 

          Note: Numbers in brackets are standard deviations 

 

Table 4. Comparison of mean score changes of knowledge, self-care management, BMI, and HbA1C after 

the intervention of the two experimental groups as compared against comparison group 

 

Factors Mean difference Standard error p-value 

Knowledge    

 Agricultural  -5.80 1.46 <0.01 

Non-agricultural 2.10 1.49 0.17 

Self-care Management    

 Agricultural -4.86 0.21 0.02 

 Non-agricultural 0.76 0.21 0.72 

BMI    

 Agricultural -0.95 0.41 0.02 

 Non-agricultural -0.94 0.41 0.02 

HbA1C    

 Agricultural -0.87 0.37 0.02 

 Non-agricultural -1.29 0.37 <0.01 

 

4. Between groups comparison 

  Results from One-way ANOVA and 

Bonferroni test showed that after the 

intervention the agricultural experimental group 

significantly out-performed the comparison 

group in all aspects, knowledge, self-care 

management, BMI, and HbA1C (the significant 

levels ranged from p = 0.02 to p-value<0.01).  

The non-agricultural group, however, had 

significantly out-performed the comparison 

group only in the reduction of BMI (p-value 

<0.05) and HbA1C (p-value<0.01). 

 

Discussion and Conclusions 

 Results from this study showed that 

trained VHVs could be an effective tool in 

supporting type 2 diabetes patients to 

significantly gain more knowledge, improve 

self-care management, reduce BMI and blood 

sugar levels; and that patient-centered, context 

and lifestyle appropriate methods remarkably 

effective in engaging and retaining the 

participants in the activities. The results of this 

study were consistent with previous studies 
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which found peer supports could help the 

patients to significantly reduce HbA1C levels 

and increase self-care management mean score 

of the participants in the intervention group 

(Sanguanprasit et. al, 2011; Thom et. al, 2013; 

Long et. al, 2012; Lorig et. al, 2009; Bauman & 

Dang, 2012).   

Different approaches used by 

agricultural and non-agricultural were in accord 

with patients’ contexts and lifestyles. In the 

non-agricultural community, most houses 

located along the main road due to the tenants’ 

livelihood that they needed to commute to the 

main business district for their work. As such 

the approaches used in this group were more 

formal and individualistic; the participants did 

their own exercise and diet with the supports of 

respective VHVs.  Whereas in the agricultural 

community the majority of the participants 

engaged in agricultural and labor activities, 

most people lived close by, such that they could 

conveniently do activities together.  Group 

activities such as traditional exercise and 

cooking that fit their lifestyle effectively 

inspired each individual to do better and adhere 

to healthy behaviors. The activities at the 

community organic garden, which was both fun 

and economically productive, provided them 

the opportunity to exercise and to have organic 

produce for household consumption.  This 

effectively made the participants perceived the 

benefits of and adhered to the activities which 

is an essential element in sustaining people’s 

behaviors (Sanguanprasit et. al, 2016; Long et. 

al, 2012; Lorig et. al, 2009; Bauman & Dang, 

2012). 

 In the focus group discussions, the 

participants indicated that they enjoyed the 

supports provided by VHVs, sharing 

experiences and supporting each other among 

themselves. This had lifted up their spirits and 

inspired them to do better. Setting goals for diet 

control really helps them to manage their diets. 

The personal record helped them discern 

positive changes after joining the activities and 

kept them adhered to the activities (Becker, 

1974; Bandura, 1977). Members in the 

agricultural group said that by allowing them to 

have a free-hand in designing their own 

activities, supported by VHVs and local health 

staffs, they could design the activities that were 

consistent with their daily life and made them 

adhere to the activities.  Such comments 

supported previous studies which found people-

centered health promotion program with 

minimum competing interests could yield better 

and sustainable health behaviors (Brownson & 

Heisler, 2009, Fisher et. al, 2015; Sanguanprasit 

et. al, 2011). 

The intervention could significantly 

reduce BMI and HbA1C, but not significantly 

increase the knowledge and self-care 

management among the participants of non-

agricultural group.  This could be explained, as 

mentioned above, that the peer supports in the 

non-agricultural group was mostly done 

individually.  As a result, the patients had less 

chance to share and reinforce their knowledge 

and experiences regularly.  However, 

knowledge by itself may not have much effects 

on health behaviors (Becker, 1974; Bandura, 

1977; Henderson et. al, 2011).  Although their 

overall self-care management was not 

significantly increased, their eating behavior 

significantly increased from 38.11 to 40.10 (p-

value = 0.02).  Detailed information on self-care 

management suggested that the agricultural 

group needed to improve their eating behavior. 

Manyof them ate more rice than what is 

recommended. This could be due to the fact that 

about 69.00% of the participants engaged in 

labor-intensive work such that they needed 

more energy to carry out daily hard work. These 

can become a major barrier to achieving 

behavioral goals (Bauman & Dang, 2012). 

Strengths of the study 

The intervention of this study was 

carefully designed by using the concept of 

intervention mapping (as explained above).  

Preliminary quantitative and qualitative study 

was conducted and the results of which were 

used to design a training program for VHVs and 

peer supports to ensure that the activities were 

suitable for and attractive to the participants, 

thus the results were expected to be sustainable.  

Training of data collector and field 

supervision were carried out to ensure the 

quality of the data.  Both quantitative and 

qualitative data were used to ensure the 

accuracy and usefulness of the study.     

Limitations of the study 

Seasonal variation had great impacts on 

patients’ self-care management, especially 

among the agricultural community. Their daily 

routine including eating and sleeping schedules 

had changed and reduced during planting and 

harvesting seasons and made it difficult for 

them to maintain self-care behaviors. The 
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intervention did not take into account for the 

seasonal variation, the harvest season, which 

may affect the daily routines and livelihood and 

health behaviors of the participants in the 

agricultural community. 

Conclusions 

This study has demonstrated that village 

health volunteers, if properly trained, can be an 

effective tool in supporting type 2 diabetes 

patients to gain more knowledge and improve 

their self-care management, reduce BMI and 

blood sugar levels.     

 

Research Implications and 

Recommendations 

VHVs should be trained to enhance 

their competencies in providing direct and 

indirect supports as appropriate to build self-

confidence and self-efficacy among the 

patients. To make glycemic control sustainable, 

the patients should take an active role in setting 

appropriate goals, identify means to achieve 

these goals, and regularly assess the results of 

their actions. Tools for self-monitoring should 

be made available to the patients to reinforce 

their self-care management.  Peer support by 

using context and lifestyle appropriate 

strategies for sustainable self-care management 

among chronically ill patients should be 

integrated into health care system of Thailand 

since the model is culturally, socially and 

economically appropriate. 

More research is needed to determine 

whether the effects of peer support can be 

sustained beyond six months.  Family members 

should be involved in supporting self-care of the 

patients, especially in agricultural community 

where seasonal variations affect patients’ 

behaviors. More study is also needed to 

understand how to best prepare and support peer 

leaders so that they can be more effective in 

supporting the patients to maintain their 

behaviors over a long period of time.  
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Abstract 

 

Filgrastim is a biopharmaceutical drug used for treatment chemotherapy-
induced neutropenia in cancer patients. High molecular weight proteins 

(HMWP) of filgrastim can lead to loss of efficacy and immunogenicity. 
Limit of HMWP is one of the test items showing quality of filgrastim 

products. However, a compendial method used for determination of these 

impurities in pharmaceutical products has not yet been available. In this 

study, a size-exclusion chromatographic (SEC-HPLC) method was 

validated for determination of HMWP of filgrastim. Method validation 

conducted parameters including specificity, limit of quantitation (LOQ) 
and precision. The results showed that the analysis of HMWP of filgrastim 

was not interfered by the excipients and other reagents in the analytical 

system. The method was sensitive with the lowest limit of quantitation of 

0.0002 mg/mL. In addition, the percent relative standard deviation of 

repeatability and intermediate precision was in a range of 1.9-3.5% and 1.9-
7.3%, respectively. These values were within the limits calculated from 

Horwitz’s equation. Thus, the size-exclusion chromatography (SEC) 
method was specific, sensitive, precise and valid for determination of 

HMWP of filgrastim in pharmaceutical products. This validated method 

has been utilized as a standard method to quantify the HMWP of filgrastim 

in biopharmaceutical products collected from all over nation by the Thai 

FDA.   
 

Keywords:  filgrastim, high molecular weight proteins, aggregation, 

method validation, size exclusion chromatography 
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Introduction 

 Biological products are used for 

diagnosis, prevention, and treatment of the 

diseases or medical conditions. Vaccines, blood 

and blood components, allergenics, tissues, 

monoclonal antibodies, and recombinant 

therapeutic proteins are some examples of the 

biological products (Pedersen-Bjergaard et al, 

2019). Recently, the development of biological 

products has been greatly increasing. In the 

United States, biological products are growing 

fastest as compared with other therapeutic 

products (FDA, 20111). Top three largest 

segments of the biologics market are 
monoclonal antibodies, recombinant 

therapeutic proteins, and vaccines, respectively. 
These three segments are growing at an annual 

rate greater than 9%. However, their prices are 

notably more expensive than most of the small 

molecules (TBR, 2018). In most cases of the 

small molecule drugs, prices of the 

pharmaceutical products reduced by 50-80% 
after their original patent protection has expired 

due to the competition between multiple generic 

copies (Mulcahy et al, 2014). Unlike chemical 

drugs, molecular structure identity of biological 

products cannot generally be established due to 

the complexity of the production and minor 

natural variations in the molecular structure 
(Gámez-Belmonte et al, 2018). Generic products 

of the biologics launch after the patent of the 

originators have expired could be ‘stand-alone 

biologicals’ or ‘biosimilars’ (FDA, 2011; Calam 

PD, 2006). In general, stand-alone biologicals 

refer to the novel products with full clinical 

studies, which share the same international 

nonproprietary names. Whereas biosimilars are 

pharmaceutical products that are developed to 

have similar properties to an existing approved 

product and has no clinically significant 

differences (FDA, 2019). The amount of clinical 

data of the biosimilars needed are generally less 

than that required for a stand-alone products 
(Calam PD, 2006). This results in cost reduction 

of biosimilars as compared with that of the 

innovator products (Mulcahy et al, 2014). 
Biosimilars have been encouraged from the 

governments around the world to reduce the 

healthcare costs (TBR, 2018).  

 Both biological products and their 

biosimilars are inherently produced through 

biotechnology in a living system, such as a 

microorganism, plant or animal cells Jeske et al, 

2013). They are generally large and more 

complex than small molecule drugs; therefore, 
characterizations of these drugs are more 

difficult. This leads to the challenging questions 

for the development and regulatory evaluation 

of the biosimilar products (Berkowitz et al, 

2012). Regulatory agencies in several countries, 

starting with the European Medicines Agency, 

adopted the guidelines focusing on comparison 

issues and assurance quality, efficacy, and 

safety of the biosimilar products (Bennett et al, 

2014). To monitor the critical quality attributes 

of drug substances and drug products, including 

biosimilars, a set of various analytical 

techniques are required to provide the complex 

information of the proteins (Driver et al, 2007; 

Boschetti et al, 2000). One of the characteristics 

according to the guidelines from the regulatory 

agency is the quantitative determination of the 

aggregation, including dimers and higher order 

aggregate of the active protein. There are 

number of analytical techniques used to 

characterize the aggregate such as light 

scattering techniques, analytical 

ultracentrifugation (AUC), filed-flow 

fractionation (FFF), gel electrophoresis, and 

size-exclusion chromatography (SEC) method 
(Hong et al, 2012; Philo et al, 2009). SEC has 

been a dominant favored method for 

aggregation analysis by far due to its speed, 

good sensitivity and reproducibility (Philo et al, 

2009; Yu et al, 2008; Brange et al, 1992; Oliva 

etal, 2000). Moreover, SEC is able to separate 

both covalent and non-covalent dimers from the 

monomers (Watson et al, 1988).  
Recombinant human granulocyte 

colony-stimulating factor (G-CSF) is a 

biopharmaceutical drug produced through 

genetic recombination (Souza et al, 1986; Lu et 

al, 1992). There are two types of G-CSF; 

glycosylated (lenograstim) and non-glycosylated 

(filgrastim) form produced by using the 

expression in mammalian cells and in  
E. coli, respectively (Vanz et al, 2008). 
Filgrastim, molecular weight of 18,800 daltons,  
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consists of 175 amino acids with an extra N-
terminal methionine (Figure 1) (Vanz et al, 2008; 

FDA, 2012). A well-known and well-
characterized biopharmaceutical drug as 

filgrastim has been approved for use in 

treatment of chemotherapy-induced neutropenia 

in cancer patients (Wang W, 1999; Beveridge et 

al, 1998). Pharmacodynamic of filgrastim is that 

the drug binds to G-CSF receptor and stimulates 

the production of neutrophils in bone marrow. 
G-CSF and its receptor are necessary for basal 

and stress-induced granulopoiesis, which forms 

neutrophils (Panopoulos & Watowich, 2008). 
The patents on Neupogen®, an originator 

product, expired in Europe and the US in 2006 

and 2013, respectively (ICH, 2005). A number of 

filgrastim biosimilars have entered the market. 
In 2018, filgrastim products have been launched 

in Thai market under 10 brand names (18 

registration numbers), which include 2  

 

biosimilar products (Thai FDA, 2018). 
Analytical procedures are required to evaluate 

quality of the different products. Besides the 

potency assay, determination of high molecular 

weight proteins (HMWP) is the other significant 

test method to assess the characteristics of 

filgrastim (British Pharmacopeia, 2018; USP, 

2017) since the HMWP of filgrastim may lead 

to multiple adverse effects, such as loss of 

efficacy and enhancement of immune responses 

to the monomeric form (Rosenberg AS, 2006). 
However, a compendial method for evaluating 

the HMWP of filgrastim in pharmaceutical 

products has not yet been available in any 

international pharmacopeias. The objective of 

this study is to validate the analytical method 

for determination of the HMWP of filgrastim in 

the pharmaceutical products. The size-based 

separation by SEC for separation of the 

different HMWP of filgrastim is studied.  
 

 

 
 MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKLCATYKLCHPEELVLLGHSLGIPWA 

 PLSSCPSQALQLAGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLDVADFATTIWQ 

 QMEELGMAPALQPTQGAMPAFASAFQRRAGGVLVASHLQSFLEVSYRVLRHLAQP 

 

Figure 1. Structure (a) and amino acid sequence (b) of filgrastim (Filgrastim – DrugBank,2019)  
 

Materials and Methods 

 Materials 

 USP high molecular weight filgrastim 

RS was purchased from the US Pharmacopeia, 

MD, USA.  Ammonium hydrogen carbonate, 

sodium hydroxide, and acetic acid were 
acquired from Carlo Erba reagents, Italy.  D-
mannitol and sodium acetate were purchased 

from Sigma-Aldrich, MO, USA. Sorbitol, tween 

80, and L-glutamic acid were purchased from 

TCI, Japan, Scharlau, Spain and Acros 

Organics, Belgium, respectively. 
Orthophosphoric acid was obtained from 

Merck, Germany.  Water type I was produced 

from the Milli-Q® type I ultrapure water systems 

(Merck Ltd., Germany). All other chemicals and 

solvents used were American Chemical Society 

( ACS)  reagent or high- performance liquid 

chromatography (HPLC) grade.  
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Reagent preparation 

  

Mobile phase 

 Ammonium hydrogen carbonate (7.9 g) 
was dissolved in 1000 ml of ultrapure water. The 

pH of the solution was adjusted by phosphoric 

acid to 7.0. The final volume was made up to 

2,000 mL with ultrapure water (final 

concentration of 0.05 M). The solution was 

filtered by 0.2 m of nylon membrane filter 

(National Scientific Supply Company, Inc., CA, 

USA).  
 Dissolve 7.9 g of ammonium hydrogen 

carbonate in 1,000 mL of water, and adjust with 

phosphoric acid to a pH of 7.0; dilute to 2,000 

mL with ultrapure water, then filter with a nylon 

membrane filter, pore size 0.2 m (National 

Scientific Supply Company, Inc.CA, USA)  
 

Matrix solution 

 A mixed matrix solution contained all 

of the excipients often filgrastim brand names 
marketed in Thailand.  The 100- mL of matrix 

solution contains 4 mg of tween 80, 60 mg of 

acetic acid, 6 mg of sodium hydroxide, 12.3 mg 

of sodium acetate, 500 mg of sorbitol, 500 mg 

of mannitol, and 147.2 mg of L-glutamic acid. 
The excipients were weighed and dissolved in 

water until a clear solution was obtained.  The 

solution was sterile using membrane filtration 

technique ( 0. 2 µm cellulose acetate syringe 

filter, sterile Minisart® single use filter unit, 

Sartorius Stedim Biotech S.A., Germany).  
 

Stock solution of high molecular weight (HMW) 
filgrastim (0.5 mg/mL) 

 USP HMW filgrastim RS is a mixture 

of filgrastim HMW including dimer, oligomer 

1, oligomer 2, aggregate and filgrastim 

monomer. The contents of an entire vial of USP 

HMW filgrastim RS was reconstituted with the 

matrix solution to obtain a stock solution of 

HMW filgrastim (0.5 mg/mL).  

Resolution solution  

 For system suitability testing, the 

resolution solution was prepared.  The stock 

solution of HMW filgrastim was diluted with  

 

water to obtain a clear solution of the resolution 

solution (0.3 mg/mL). 

Resolution solution in matrix solution 

 To determine the interferences from the 

excipients in all marketed products, the mixture 

of filgrastim and its HMWP in matrix solution 

was prepared. The stock solution of HMW 

filgrastim was diluted with matrix solution to 

obtain a clear solution of the resolution solution 

(0.3 mg/mL). This solution was used as a 

‘reference solution’ for comparing the relative 

peak area of each impurity as well. 
 

HPLC chromatographic condition 

 A Thermo Scientific high- performance 

liquid chromatography (HPLC) , Ultimate 3000 

module ( Thermo Scientific, MA, USA) 
equipped with the PDA detector and 

Chromeleon 7 software was used for the 

analysis.  The experiments were performed on a 

TSK gel SWxL G3000 (300 mm x 7.8 mm I.D. ) 
size- exclusion column ( Tosho Corporation, 

Japan) .  A security guard column with the same 

packing materials ( Tosho Corporation, Japan) 
was used to protect the analytical column.  The 

flow rate and column temperature were set at 0.5 

mL/min and 30C, respectively. A twenty L of 

the solution was injected onto the column and 

chromatograms were acquired at a detection 

wavelength of 215 nm.  
 

System suitability 

 To ensure the suitability of the 

analytical system, the resolution solution was 

firstly injected to the HPLC.  Resolution 

between the peaks due to the filgrastim dimer 

and the monomer should be greater than 3 
(British Pharmacopeia, 2018).  

 

Method validation  

 The analytical method was adapted 

from the methods of the United States 

Pharmacopeia 40 National Formulary 35 (USP 

40 NF 35) and the British Pharmacopoeia 

(British Pharmacopeia, 2018; USP, 2017). The 

validation procedures followed the International 

Conference of Harmonization (ICH) guidelines  
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Q2(R1) validation of analytical procedures: text 

and methodology (ICH, 2005). This study 

evaluated the parameters beyond the guidelines 

to confirm that the method was sensitive and 

precise. Thus, the following parameters, 

specificity, limit of quantitation (LOQ), 
precision, and intermediate precision (inter-day 

precision and different analysts), were 

demonstrated. 
 

Specificity  

 The specificity of the method for the 

filgrastim and its HMWP was established 

through the determination of interference of the 

excipients in matrix solution, diluent (water) and 

mobile phase. Peaks of any excipients and 

reagents used in the analytical method do not 

co-elute at the retention time of the interested 

peaks of the HMWP and filgrastim monomer. 
 

Limit of quantitation (LOQ) 

 The predicted LOQ of each impurity 

was calculated based on the standard deviation 

of the response and slope.  Firstly, a regression 

line of each impurity was generated by plotting 

peak area of the impurity as a function of 
concentration. The stock solution of HMW  

 

 

filgrastim (0.5 mg/mL) was diluted with water to 

obtain a series of solutions ( concentrations 

0.001-0.5 mg/mL) .  Then the mean peak area of 
each impurity from the triplicate determinations 
was plot against the concentration. The standard 

error of the predicted y-value for each x in the 

regression and slope of the regression line was 
evaluated.  The predicted LOQ value of each 
impurity was calculated.  Then the LOQ values 

were confirmed in the experimental test by 

preparing the triplicate LOQ solutions as 

calculated and injecting to the HPLC. The signal 

to noise ratio (S/N) of each HMWP of filgrastim 
at LOQ level was considered as not less than 

10: 1 (Shrivastava & Gipta, 2011) .  In case the 

10:1 S/N of the predicted LOQ of any impurity 

did not reach, the LOQ value was obtained by 

diluting the solution until the S/N at least 10:1 

was achieved. 
 

Precision  
 The precision of the method was 

determined by repeatability and intermediate 

precision.  Owing to the very small amount of 

impurity, Horwitz’ s equation and Horwitz’ s 

ratio ( HORRAT)  ( Horwitz W, 2006)  were 

applied to set the limit of the relative standard 

deviation (RSD) as the following equation; 

 

𝑅𝑆𝐷 = 0.66 × 2𝐶−0.1505 
 

where C is the concentration ratio (no unit) 

 

While the limit of HORRAT would not be more than 2.  Calculation of the HORRAT was 

presented as follows;  

𝐻𝑂𝑅𝑅𝐴𝑇 =  
𝑅𝑆𝐷 𝑜𝑏𝑠

𝑅𝑆𝐷 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
 

 

where 𝑅𝑆𝐷 𝑜𝑏𝑠  is the RSD calculated from the experiment 

  𝑅𝑆𝐷 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 is the RSD calculated from Horwitz’s equation  

 

Repeatability (Intra-day precision) 

 Repeatability was examined by 

performing of 6 replicate injections of 6 

determinations of HMW filgrastim solution at 

LOQ level. Percent relative area of any 

interested impurity (from the solution at LOQ 

level) was normalized as compared with the total 

peak area of the filgrastim and the other HMWP 

from the chromatogram of the reference 

solution of 0.3 mg/mL, excluding the peak area 

of that interested impurity (see the equation 

below). The RSD of % relative area of the HMW 
filgrastim from the replicate determinations 

expressed repeatability parameter.  
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Intermediate precision  

Intermediate precision of the method 

was assessed by inter-day precision and 

different analysts. Intermediate precision was 

also expressed as RSD. Limit of the RSD was 

also specified by the value obtained from 

Horwitz’s equation and HORRAT.  
 

Inter-day precision 

The intra-day precision was repeatedly 

carried out on three non-consecutive days. The 

RSD of the data from 3-day experiments was 

calculated.  
 

Different analysts 

Two analysts were separately 

performed the experiments in the same manner. 
The RSD of the data from both analysts was 

calculated.  
Results and Discussion 

Method optimization  

 Two major concerns of the 

chromatographic method are stationary and 

mobile phases. Since the method needed to 

separate the molecular weight of filgrastim and 

its HMWP of approximately 18,800 Daltons 

and greater, the silicon-based size exclusion 

column was used as the stationary phase. The 

neutral buffer (pH 7.0, ammonium hydrogen 

carbonate solution) was selected as the mobile 

phase to separate the aggregates from the intact 

filgrastim since the neutral pH buffer trended to 

have lesser effect on breaking up the non-
covalent aggregates than the acidic running 

buffer. The pH 7.0 was much closer to the 

isoelectric point of the filgrastim (pI = 5.65) [34] 
resulting in lacking of the formation of any 

potential components (USP, 2013). Besides, it 

seemed to be clearer from the interferences of 

the excipients, tween 80 in particular.  
 

 

 

 

Method validation   

Specificity 

         As reference standard of each filgrastim 

impurity is not available, the USP HMW 

filgrastim RS containing all major HMWP 
(dimer, oligomer 1, oligomer 2 and aggregate) 
and the monomer was used for method 

validation. Moreover, it was found that the 
smallest peak of HMWP X was also detected. 
Figure 2 shows chromatograms of diluent 

(water), mobile phase, resolution solution in 

matrix solution and matrix solution. The relative 

retention time (RRT) of aggregate, HMWP X, 

oligomer 1, oligomer 2, dimer and filgrastim 

monomer were 0.61, 0.78, 0.81, 0.84, 0.89, and 

1.00, respectively. Resolution of the filgrastim 

dimer and monomer was not less than 3, which 

exhibited suitability of the system. There was no 

co-eluting peak from any excipients, diluent or 

mobile phase at the retention times of filgrastim 

and its HMWP peaks. According to the peak 

shape, it was noted that aggregate formed a 

broad and irregular shape while the other peaks 

were narrower and more symmetric.  
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 Figure 2. Chromatograms of mobile phase (a), diluent (water) (b), matrix solution (c), and resolution 

solution in matrix solution (d)  
 

LOQ  
 The LOQ value shows how low the 

analyte compound can be reliably quantified 
[32]. There are various methods to obtain LOQ 

value. The mathematical calculation from the 

relationship between the standard deviation of 

the calibration curve and its slope using the 

multiplier suggested by the ICH guidelines was 

followed to determine the LOQ in this study 
[36]. As the USP HMW filgrastim RS used was 

the mixture of filgrastim and its HMWP, the 

initially calculated values were the 

concentrations of the USP HMW filgrastim RS 

solution, not the LOQ concentration of each 

HMWP.  

 A standard curve of each impurity was 

built from a series of the concentration of the 

USP HMW filgrastim RS solution varied from 

0.001-0.5 mg/mL. Peak areas of each HMWP 

were plotted against the concentrations (Figure 

2). All curves including oligomer 1 and oligomer 

2 (data not shown) achieved the R2 of  0.99, 

which indicated good linear relationship for 

analysis of impurity (Yin H, 2011). Slopes 

obtained from the regression lines and the 

STEYX calculated from the peak areas and 

concentrations were applied to determine the 

concentrations of the USP HMW filgrastim RS 

solutions as per the following equation;  

 

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑈𝑆𝑃 𝐻𝑀𝑊 𝑓𝑖𝑙𝑔𝑟𝑎𝑠𝑡𝑖𝑚  𝑅𝑆 𝑎𝑡 𝐿𝑂𝑄 𝑙𝑒𝑣𝑒𝑙 =  
10 𝑥 (𝑆𝑇𝐸𝑌𝑋)

𝑆𝑙𝑜𝑝𝑒
 

            

where 𝑆𝑇𝐸𝑌𝑋 is the standard error of the predicted y-value for each x in the regression and 𝑆𝑙𝑜𝑝𝑒 is 

the slope of the regression line 
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Figure 3. Linear curves between peak areas of HMWP of filgrastim and concentrations of the USP 

HMW filgrastim RS solutions 
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Table 2. The concentration of the USP HMW filgrastim RS solution calculated based on standard 
deviation of the response (STEYX) and slope of each curve, experimental concentration, and S/N 

Component RRT STEYX  Slope Calculated 

concentration 
(mg/mL) 

           S/N % relative 

area 

LOQ 

(mg/mL) 

aggregate 0.61   2.18 133.74 0.16                    2,000:1 0.21 0.0006 

HMWP X 0.78   0.03 2.5896 0.12      10:1 0.05 0.0002 

dimer 0.89   0.29 122.79 0.02      10:1 0.28 0.0008 

 

 

Table 2 shows the concentrations of the USP 

HMW filgrastim RS solutions calculated based 

on standard deviation of the response (STEYX) 
and its slope. The S/N ratio of each peak was 

verified and confirmed by the experiment. As 

mentioned earlier, S/N ratio of about 10:1 was 

expected to be obtained from the solution with 

concentration calculated based on the linear 

curve method. The peak of HMWP X was the 

smallest one adjacent to the peaks of oligomer 

1 and 2. Thus, this peak was a representative in 

the evaluation of S/N ratio, % relative area and 

LOQ of these small peaks.  The experimental 
results indicated that S/N ratios of HMWP X 
and dimer with the calculated concentrations 

were about 10:1 as predicted. However, S/N ratio 

of the aggregate peak (2000:1) was much greater 

than 10:1. The poor prediction accuracy of S/N 

ratio of the aggregate peak was because this 

peak composed of different sizes of groups of a 

number of filgrastim monomers leading to the 

irregular, broad peak shape (as shown in Figure 

2). Particularly at low concentrations, the broad 

peaks resulted in lower accuracy of the 

prediction. This reflected on the R2 of its 

regression line (0.9926) as compared with the 

other impurities (range of the R2 from 0.9938 

(oligomer 1) to 0.9998). To acquire S/N ratio of 

about 10:1 of the aggregate peak, the USP 

HMW filgrastim RS solutions were diluted and 

injected until the expected value was achieved. 
In summary, the 0.01, 0.12 and 0.02 mg/mL of 

USP HMW filgrastim RS solutions provided 

the acquired S/N ratio (10:1) of the aggregate, 

HMWP X and dimer peaks, respectively.   
 Then, % relative area of each peak was 

evaluated and used for calculation of LOQ. The 

USP HMW filgrastim RS solution of 0.3 mg/mL 

was used as the reference solution. The solution 

was appropriate for calculation of % relative area 

since this is the concentration of most filgrastim 

products and would be used as concentration of 

the test solution for this validated method. The 

peaks with S/N ratio of 10:1 obtaining from the 

USP HMW filgrastim RS solutions from the 

above were used for calculation of LOQ as 

‘Peak area A’. Peak area of the interested 

impurity on the chromatogram of the reference 

solution (0.3 mg/mL) was  

subtracted from total peak area of the same 

chromatogram. The ‘Peak area A’ was replaced 

by the subtracted area (Peak area B) and relative 

calculated as follows; 

 

 

% 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎

=
𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐴

(𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑟𝑒𝑓. 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 − 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐵) + 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐴
𝑥 100 

 

 

where 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐴 is peak area of the 

interested impurity obtaining from the 

chromatogram of the USP HMW filgrastim RS 

solution providing peak with S/N of 10:1 

                  𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑟𝑒𝑓. 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 
is total peak area of all peaks obtaining from the 

chromatogram of the 0.3 mg/mL reference 

solution 
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                  𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝐵 is peak area of the 

interested impurity obtaining from the  

 

 

 

chromatogram of the 0.3 mg/mL reference 

solution 

To calculate the LOQ of each HMWP of 

filgrastim, the following equation was applied.  

 

 

𝐿𝑂𝑄 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝. (𝑚𝑔/𝑚𝐿) =  
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎 (%) 𝑥 𝐶𝑟𝑒𝑓.𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑚𝑔/𝑚𝐿)

100
 

      

 where 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎 (%) calculated from the above equation  

                           𝐶𝑟𝑒𝑓.𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = concentration of the reference solution = 0.3 mg/mL 

 

 The LOQ of aggregate, HMWP X, and 

dimer as 0.0006, 0.0002, and 0.0008 mg/mL, 

respectively (Table 2). 
  

Precision and Intermediate Precision 

 The precision of the method was 

demonstrated in terms of repeatability and 

intermediate precision. A total of 36 injections 
(6 determinations x 6 injections) for each LOQ 

were analyzed per day for the repeatability 

study. The repeated experiments were carried 

out in three non-consecutive days to evaluate the 

inter-day precision. The intermediate precision 

was also demonstrated by two analysts, using 

the same HPLC system, performing in the same 

manner as for the first analyst. The RSD 

calculated from the Horwitz’s equation and 

HORRAT of each impurity was presented in 

Table 3. The RSD between of the within-day 

replicate measurements was reported as 1.9-
3.5%. Intermediate precision is the outcomes of 

the within-laboratory variations resulting from 

random situations, such as inter-day precision 

and different analysts [26]. Also, RSD of the 

inter-day precision were reported as and 3.3-
6.1%. The RSD of the results of both analysts had 

to be lower than the RSD calculated from the 

Horwitz’s equation. Table 3 shows the RSD of 

each impurity met the criteria. The RSD of 1.9-
7.3% was also below the acceptance values (10.9-
13.5%). This illustrated the good within-lab 

reproducibility of the analytical method. 
Therefore, this proposed SEC method was 

precise for analysis of HMWP of filgrastim. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. RSD, the acceptance criteria of RSD and HORRAT  

Impurity  RSD observed Acceptance criteria           

of RSD   

(RSD expected) 

 

HORRAT 

(repeatability) 

repeatabilit

y 

inter-day 

precision 

different 

analysts 

aggregate 1.9 6.1 7.3 11.4 0.2 

HMWP X 2.2 3.3 1.9 13.5 0.2 

dimer 3.5 4.1 5.3 10.9 0.3 
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Conclusion  

           The results show the validation of SEC 

method was successful. The proposed method 

was specific, precise, and possesses excellent 
reproducibility attribute. Hence, this validated 

method was appropriate to use as a standard 

method to quantify the HMWP of filgrastim in 

various brands of biopharmaceutical products 

collected from multiple manufacturers by the 

Thai FDA.   
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Abstract 

Background: Cardiovascular diseases (CVDs), including coronary heart 

disease and stroke, are a major cause of death in many countries. Currently, 

using aspirin, an antiplatelet, is recommended to prevent CVDs in diabetic 

patients but there are still no clear benefits for primary prevention.  Objectives: 
To compare the incidence of cardiovascular diseases between received aspirin 

and non-received aspirin groups among diabetic patients without prior CVDs, 

to identify risk factors for CVD outcomes and to find out the adherence to the 

American Diabetic Association (ADA) guidelines for aspirin therapy in 

primary prevention among diabetic patients. Materials and methods: 
Retrospective data review was conducted by assessing electrical medical 

records from January 2012 to 2017. The main interesting risk factors and 

aspirin used and non-used data were extracted. The outcomes were the new 

event of CVDs. The processes of data collection and validation following the 

inclusion and exclusion criteria were performed by the diabetic patient care 

team. Data analyses were performed by t-test, chi-square test, and multiple 

logistic regressions. Results: 1,671 diabetic patients were finally enrolled in 

the study. There was no statistically significant difference of CVDs between 

aspirin and non-aspirin user with adjusted OR of 1.16 (95% CI,0.80-1.69). 
Albuminuria, duration of DM more than 10 years and comorbidity with 

hypertension and dyslipidemia increased the risk of CVDs with adjusted OR 

of 1.88(95%CI,1.31-2.71), 1.48(95%CI, 1.01-2.25), 3.34 (95%CI,1.75-6.38), 
3.89(95%CI,2.00-7.35), respectively. Eighteen point six percent of the subjects 

were overused aspirin following the ADA recommendation. Conclusions: The 

use of low-dose aspirin was not associated with new CVDs events in diabetic 

patients without prior CVDs because no statistical significance. There is some 

overuse of aspirin for primary prevention. Doctors should pay attention to 

other comorbidities such as hypertension and dyslipidemia, especially in a 

patient with albuminuria and long duration of DM more than 10 years. 
 

Keywords: Aspirin, Cardiovascular disease, Primary prevention, Diabetic 

patient 
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Introduction 

Cardiovascular diseases (CVDs) become 

the major cause of death, in which the World 

Health Organization (WHO) estimated that 17 

million people died from CVDs, particularly 

heart attacks and strokes every year and it will 

increase to 25 million people per year in 2030 
(WHO,2015). The number of deaths from CVDs 

was mainly in the developing countries because 

of the increasing incidence of high blood 

pressure, dyslipidemia, diabetes mellitus(DM), 
smoking, inactivity lifestyle and obesity that are 

considered as the major risk factors of CVDs 
(Lim et al, 2012). Whereby, in Thailand, as of 

2012, there were 501,000 people (29%) died with 

CVDs of all 66,785,000 people and it was the 

first cause of death in both sexes and all age 

groups (WHO,2014). 
One of the major risk factors of CVD is 

diabetes. The data of the American Heart 

Association in 2015 reported that at least 

68%and 16%of more than 65 years old diabetic 

patients have died from coronary heart disease 

and stroke, respectively (Pignone et al, 2010). In 

diabetic patients, a chance of having CVDs was 

2-4 folds more than non-diabetic ones because 

major CVD risk factors such as dyslipidemia, 

hypertension, and obesity were frequently 

founded in the patients (Pignone et al, 2010). In 

addition, diabetes is associated with an 

increased platelet activity, inflammatory and 

pro-thrombotic environment, exacerbating the 

development of atherothrombosis (Pignone et 

al, 2010; Guirguis-Blake et al, 2015). Therefore, 

antiplatelet treatment strategies were developed 

and used in many diabetic patient treatment 

guidelines, especially low dose aspirin that has 

been playing a role to prevent CVDs in DM 

patients for many years (Pignone et al, 2010; 

Guirguis-Blake et al, 2015).    Currently, the 

American Diabetic Association (ADA) has 

recommended indication of low dose aspirin 

(75–162 mg/day) to prevent CVDs by considered 

from Atherosclerotic Cardiovascular Disease 

risk (ASCVD risk) that is calculated from age, 

sex, co-morbidities, smoking, blood pressure 

and level of cholesterol that predicted chance to 

occur CVDs in 10 years (American Diabetes 

Association, 2014). Meanwhile, in 2013, the 

European Society of Cardiology suggested that 

low dose aspirin should be considered only in 

high CVD risk patients and it has benefited 

more than the risk of bleeding complication 
(Fifth Joint Task Force of the European Society, 

2012). 

From the previous fourteen studies, using 

aspirin for primary prevention was associated 

with reducing 10% of CVD events but increased 

6% of hemorrhagic stroke and there are now no 

clear pieces of evidence on the benefits of low 

dose aspirin for primary prevention in DM 

patients and the adverse events with continuous 

aspirin use (Ogawa et al, 2008; Xie et al, 2014). 
In the past five years, 43% of DM patients have 

prescribed aspirin for primary prevention in 

Huaiyot Hospital and there was no data about 

the incidence of CVDs in both groups (aspirin 

and non-aspirin). As a result, this study aimed to 

compare the incidence of CVDs between 

received aspirin and non-received aspirin 

groups of DM patients without prior CVDs, to 

identify risk factors for CVD outcomes and to 

find out the adherence to the ADA guidelines 

for aspirin therapy in primary prevention among 

diabetic patients. 
 

Methods. 
The study was conducted in January 

2017. The secondary data from the database of 

the HOSxP program of Huaiyot Hospital, Trang 

Province, South of Thailand, were used through 

reviewing electrical medical records (EMRs). 
The hospital numbers (patient’s identifications) 
of all patients diagnosed with DM before 

January 2012 following the ICD 10 codes (E10-
E14) and have had no prior CVDs 
(cerebrovascular disease and ischemic heart 

disease I20-I25, I60-I69) were extracted. The 

data were then entered into the designed 

recording forms. The processes of data 

collection and validation were performed by 

diabetic patient care team consisted of doctor, 

nurses, pharmacist, and information technology 

(IT) staff. 
The diabetic patients were excluded 

from the study if, i) age less than 18 years, ii) 
false diagnosis to DM, iii) died before the date 
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of study, iv) lost follow up and uncompleted 

data after the date of study and v) received 

anticoagulant drugs. 
In the study, aspirin users defined as 

patients who received aspirin less than 162 mg 

per day before the date of study (January 2012) 
until January 2017.The needed aspirin patients 

defined as patients who were recommended for 

aspirin use following the ADA guideline 2014. 
The main interested risk factors were age, sex, 

duration of disease, aspirin received data, body 

mass index (BMI), blood pressure, dyslipidemia 

(total cholesterol > 200 mg/dl, LDL > 100 

mg/dl,TG > 150 mg/dl, HDL < 40 mg/dl), 
smoking, albuminuria (albumin creatinine ratio 

from spot urine > 30 µg/mg creatinine) , blood 

glucose, HbA1C, cholesterol, and ASCVD risk 

score  calculated from the start date of data 

collection, January 2012. 
The outcomes of the study were new 

CVD cases onset after the date of study (January 

2012) and non- CVD cases. A CVD group was 

patients who were diagnosed with CVDs 

following ICD-10 codes of stroke and ischemic 

heart disease from January 2012 to January 

2017. Any patient who died from all causes after 

the date of the study was also included into the 

study. 
 

Statistical analysis 

All analyses were undertaken by R-
program version 3.3.3. In data analysis 

processes, continuous data were firstly tested 

for normal distribution by Shapiro test. 
Univariate analyses were performed to compare 

means of the baseline characteristics by t-test 

and presented the results as mean (standard 

deviation, SD). For categorical baseline 

characteristics, chi-square tests were performed. 
To identify interested risk factors for CVD 

outcomes among diabetic patients, multiple 

logistic regressions were finally performed and 

the results were displayed as odds ratio (OR) 
with 95% confidence interval (CI). The adjusted 

odd ratios were done by adjusted with the main 

interested risk factor of CVDs, and the 

appropriately fitted model as finally selected for 

presenting as the results. 
 

Results 

 

A total of 1,671 patients were enrolled 

to the study after excluded those who had 

uncompleted data (159 patients), a false 

diagnosis of DM (66 patients), died before the 

date of study (35 patients) and patients received 

other anticoagulants (warfarin) (5 patients) 
(Figure 1).      For baseline characteristics of the 

study subjects, CVD patients were more likely 

to be men, smokers, aspirin users, presented 

with albuminuria, hypertension, and 

dyslipidemia (Table1).   Mean age was higher in 

CVD group. The longer duration of DM was 

observed in CVD group. There were no 

significant differences of both groups in means 

of BMI, SBP, blood glucose, HbA1C, 

cholesterol, HDL and LDL levels, but there was 

a higher triglyceride level in CVD 

group(Table2). There were 35.6% in needed 

aspirin group that have received aspirin 

properly. Eighteen point six percent of the 

diabetic patients were prescribed aspirin in 

unneeded aspirin group or overuse (Chart1). 
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Figure 1. Flow chart of extracting the study subjects 

 
Table 1. Baseline characteristics of the study subjects  

 

 

Characteristic 

All patients 

n =1,671 

(%) 

Non CVDs 

 n = 1,516 

(%) 

CVDs 

n =155 

(%) 

 

p-value 

Sex   

  Female 

  Male 

 

Aspirin user 

  Non Aspirin 

  Aspirin 

 

Smoke  

  Non smoke 

  Smoke 

 

Hypertension 

  Non hypertension 

  Hypertension 

 

ASCVD score 

  <10% 

  10-<20% 

  20-<30% 

  30-<40% 

  >40% 

 

1108(66.3) 
563(33.7) 

 

803(48.1) 
868(51.9) 

 

 

1,465(87.7) 
206(12.3) 

 

404(24.2) 
1,267(75.8) 

 

 

859(51.4) 
550(32.9) 
171(10.2) 

79(4.7) 
12(0.7) 

 

1024(67.5) 
492 (32.5) 

 

740(48.8) 
776(51.2) 

 

 

1,339(88.3) 
1,77(11.7) 

 

390(25.7) 
1,126(74.3) 

 

 

807(53.2) 
485(32.0) 
146(9.6) 
68(4.5) 
10(0.7) 

 

84(54.2) 
71(45.8) 

 

63(40.6) 
92(59.4) 

 

 

126(81.3) 
29(18.7) 

 

14(9.0) 
141(91.0) 

 

 

52(33.5) 
65(41.9) 
25(16.1) 
11(7.1) 
2(1.3) 

0.001 

 

 

0.050 

 

 

 

 

0.010 

 

 

< 0.001 

 

 

 

< 0.001 

 

ASCVD = Atherosclerotic cardiovascular disease 

BMI = Body mass index 

*NA = Not available 
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Table 1. Baseline characteristics of the study subjects (cont.) 
 

 

Characteristic 

All patients 

n =1,671 

(%) 

Non CVDs 

 n = 1,516 

(%) 

CVDs 

n =155 

(%) 

 

p-value 

Dyslipidemia 

  No 

  Dyslipidemia 

 

Albuminuria 

 No 

 Albuminuria 

 NA* 
 

BMI level 

   Underweight 

   Normal 

   Overweight 

   Obesity 

 

 

444(26.6) 
1,227(73.4) 

 

994(59.5) 
659(39.4) 

18(1.1) 
 

 

59(3.6) 
376(22.6) 
316(19.0) 
911(54.8) 

 

431(28.4) 
1,085(71.6) 

 

928(61.2) 
570(37.6) 
18(100) 

 

 

56(3.7) 
336(22.3) 
292(19.4) 
823(54.6) 

 

13(8.4) 
142(91.6) 

 

66(42.6) 
89(57.4) 

0(0) 
 

 

3(1.9) 
40(10.6) 
24(15.5) 
88(56.8) 

 

< 0.001 

 

 

< 0.001 

 

 

 

0.350 

ASCVD = Atherosclerotic cardiovascular disease 

BMI = Body mass index 

*NA = Not available 

 

  

Table 2. Means and standard deviations of baseline characteristics of the study subjects 

 

 

Characteristic 

 

All patients 

mean (SD) 
Non CVDs 

mean (SD) 
CVDs 

mean (SD) 
 

p-value 

Age(years)  
BMI(kg/m2)  
SBP(mmHg) 
Duration of disease (years) 
FBS(mg/dl) 
HbA1C(%) 
Cholesterol(mg/dl) 
LDL(mg/dl) 
TG(mg/dl) 
HDL(mg/dl) 

59.3(13.3) 
25.9(4.7) 
137(21) 
6.4(4.8) 

172.0(69) 
8.4(2.3) 

194.6(44.8) 
105.6(38.8) 
183.9(102.8) 
52.0(14.2) 

58.9(13.4) 
25.9(4.7) 
137(20) 
6.3 (4.7) 

172.5 (70.2) 
8.5(2.3) 

194.3(44.2) 
105.5(38.6) 
182.1(103.4) 
52.1(14.1) 

63.0(11.8) 
25.9(4.5) 
140(20) 
7.2(5.1) 

164.6(59.2) 
8.3(2.2) 

197.4(44.8) 
106.6(40.3) 
200.9(95.2) 
49.9(14.39) 

< 0.01 

0.89 

0.05 

0.02 

0.18 

0.53 

0.41 

0.73 

0.03 

0.07 
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Chart 1 Prescribing aspirin adhered to the ADA recommendation for primary prevention in DM patients 

 

Comparison of individuals who have 

not been used and used aspirin, aspirin users 

were more likely to have CVDs (cOR=1.48, 95% 
CI,1.04-2.11); however, after adjusted by age, 

sex, hypertension, smoking, BMI, ASCVD 

score, there was no statistically significant 

difference. Having hypertension, dyslipidemia, 

albuminuria, long duration of DM (> 10 years) 
were significantly increased the risk of CVDs 

with adjusted OR of 3.34(95%CI,1.75-6.38), 
3.89(95%CI, 2.00-7.35), 1.88(95%CI, 1.31-2.71) 
and 1.48(95%CI, 1.01-2.25), respectively. Other 

risk factors liked age more than 60 years, male 

sex, smoking, high HbA1C seemed to be 

somewhat higher risk of CVDs, but not 

statistical significance (Table 3). 
 

 

Table 3. Risk factors for CVDs among diabetic patients 

 

  

 

Risk factor 

Total CVDs 

(n =155)n(%) 
 

Crude 

OR(95%CI) 
Adjusted OR 

(95%CI) 

Aspirin user 

Male 

ASCVD risk 

< 10% 

10-20% 

      20-30% 

      30-40% 

      > 40% 

Age> 60 years 

Smoking 

HbA1C > 7% 

SBP >140 mmHg 

LDL >100 mg/dl 

Hypertension 

Dyslipidemia 

Albuminuria 

Duration of disease 

> 10 years 

92(10.6) 
71(45.8) 

 

52(33.5) 
65(41.9) 
25(16.1) 
11(7.1) 
2(1.3) 

88(11.9) 
29(14.1) 
99(9.4) 

76(11.5) 
76(9.2) 

141(9.3) 
1,227(73.4) 
659(39.4) 

1,371(82.1) 

1.48 (1.04, 2.11) 
1.62 (1.14, 2.30) 

 

1 

2.12 (1.42, 3.14) 
2.59 (1.53, 4.4) 

2.02 (0.92, 4.47) 
3.43 (0.72, 16.32) 
1.72 (1.21, 2.44) 
1.59 (0.99, 2.54) 
1.03 (0.71, 1.49) 
1.49 (1.06, 2.11) 
0.96 (0.68, 1.36) 
3.83 (2.05, 7.17) 
4.44(2.37, 8.33) 
2.17(1.53, 3.07) 
1.81(1.22, 2.68) 

1.16 (0.80, 1.69) 
1.45 (0.96, 2.18) 

 

1 

1.65 (0.94, 2.89) 
1.60 (0.71, 3.62) 
1.04 (0.36, 3.01) 
1.60 (0.27, 9.50) 
1.13 (0.64,1.99) 
1.40 (0.82, 2.40) 
1.19 (0.81, 1.74) 
1.13 (0.74, 1.71) 
1.04 (0.73, 1.49) 
3.34 (1.75, 6.38) 
3.89(2.00, 7.35) 
1.88(1.31, 2.71) 
1.48(1.01, 2.25) 
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Discussion  

The present study showed that an 

incidence of CVDs between aspirin and non-
aspirin users was not significantly associated 

with the CVDs outcome among diabetic 

patients. Even though this result was different 

from some other previous studies that have 

reduced the incidence of CVDs in the aspirin 

user group,15.4 % versus (VS) 13.8% for all CVD 

event rates, RR = 0.9 (95%CI, 0.20-0.89) from the 

TPT study (Pignone et la, 2010). A study in 

Japan in 2008, all CVD events in aspirin and 

non-aspirin group was 5.4% and 6.7% with HR of 

0.80 (95%CI, 0.58-1.10) (Ogawa et al, 2008). 
However, the above two mentioned studies, 

there were only small differences between both 

groups and no statistically significant benefits. 
The reasons that might explain the difference of 

this result from the previous studies that, in fact, 

there were many factors not only aspirin user 

but also other risk factors played a role for the 

CVD outcomes, in which in the study after 

adjusted with the other factors, the estimated 

risk was decreased (adjusted OR = 1.16, 95%CI, 

0.80-1.69).  
For the other risk factors that affected 

CVD outcomes, the authors found that 

hypertension was significantly increased risk of 

CVDs that was similar to the previous studies, 

a study among Chinese population showed 

significantly higher average or mean SBP in 

coronary heart disease, stroke VS non-CVDs as 

130 mmHg (95% CI 127.1–134.4), 140.6 (95% CI 

137.1–144.1) VS 121.6 (95% CI 121.3–122.0) 
(p<0.001) (Yang et al, 2012). 

Dyslipidemia as a comorbidity of DM 

was one of the most significant risks of CVDs 
(OR=3.89, (95%CI2.0-7.35), even the mean LDL 

level was a bit over the therapeutic goal (103 

mg/dl) but not different between CVD and non-
CVD groups. The previous study showed that 

the diabetic patients over 40 years with 

estimated 10 years’ risk, over 7.5 % should be 

treated with high intensity of statin and less than 

7.5% with a moderate statin (Stone et al, 2008). 
The clinicians, therefore, should consider more 

on medication to treat with the proper intensity 

of statin rather than LDL level only. 

Moreover, the authors found some risk 

factors such as albuminuria, long duration of 

DM (> 10 years) were statistically significant 

differences between CVD and non-CVD groups. 
Albuminuria is a microvascular complication of 

DM and there is a strong association of 

proteinuria and cardiovascular morbidity and 

mortality in both type-2 DM patients with and 

without nephropathy. Also, there was supported 

data from the Multinational Study of Vascular 

Disease in Diabetics for evidence of proteinuria 

and ischemic heart disease in type 2 diabetes 
(Morrish et al, 1991). 

In the study, aspirin was prescribed for 

primary prevention about 51.9% in the diabetic 

clinic. There were 18.6 % received aspirin 

without indication following the 

recommendation of the ADA guidelines 2014 

or overuse. All of the overused cases were 

among young patients in both sexes (male ≤ 50 

years, female ≤ 60 years) and low ASCVD risk 

score that has had no benefit and might be 

increased risk of bleeding complication. The 

study in the United States from 2010 to 2012 

was also evidenced aspirin overutilization 

without CVDs that older age, more frequently 

visiting providers and obesity, were the 

significant factors for inappropriate aspirin use 
(Van et al, 2014). 

There were some limitations of the 

study that could affect the results, such as 

unknown compliance of aspirin users and 

statins using. We used secondary data from the 

local hospital database, so it could miss the 

diagnosis of CVDs from ICD-10 codes owing to 

the doctors were not recorded the diagnosis in 

the database; however, the team has reviewed 

EMRs manually by the clinical team for 

reducing under diagnosis. 
Conclusions 

The use of low-dose aspirin was not 

significantly associated with CVD events in 

diabetic patients without prior CVDs. Overall 

there is some overuse of aspirin for primary 

prevention. Consequently, the doctor should re-
evaluate on prescribing aspirin only in high-risk 

patients because the study shows no benefit for 

primary prevention. Further study about the 

adverse effect of aspirin should be conducted. 
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Even aspirin has not decreased the risk of 

CVDs, but doctors should pay attention to other 

comorbidities such as hypertension and 

dyslipidemia, especially in a patient with 

albuminuria and long duration of DM more than 

10 years. 
 

What is already known on this topic? 

There is no clear benefit of aspirin for 

primary prevention of CVDs in DM patients. 
 

What this study adds?  

The present study indicated that there is 

some overuse of aspirin for primary prevention 

in clinical practice. Using low-dose aspirin was 

not associated with CVD outcome. 
Hypertension, dyslipidemia, albuminuria and 

long duration of DM more than 10 years 

increased the risk of CVDs more than using or 

non-using aspirin. 
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Abstract 

 

Background: Although a number of clinical weaning profiles have been 

developed, they are not completely suitable since some items in the profiles are 

out of date and not used in our practice. Developing a weaning checklist that is 

applicable and suitable in our practice can help achieve better weaning outcomes. 
Purpose: The purpose of this study was to develop and validate a 26-item 

respiratory care unit (RCC) ventilator weaning assessment checklist for predicting 

successful weaning from ventilators in patients with respiratory failure. Methods: 
A retrospective descriptive research design was employed, including two steps. In 

step 1, a heterogeneous focus group was held with five experts to discuss and 

finalize the RCC ventilator weaning assessment checklist, which has three 

domains: physiological function, electrolyte balance, and respiratory function. The 

content validity index of the new checklist was then assessed. In step 2, a chart 

review was employed to collect data and test the criterion validity using the RCC 

ventilator weaning assessment checklist. A total of 180 medical records were 

reviewed. The patients were those with acute respiratory failure who were admitted 

to the RCC of a medical center in southern Taiwan between January 2011 and 

December 2012. Receiver operating characteristic (ROC) curve analysis was used 

to determine the optimal cut-off point for predicting weaning success using the 

checklist. Sensitivity, specificity, and positive and negative predictive values were 

calculated. Results: The content validity index of the five experts was 74% to 97% 
for the 26 items and 90% for the total scale. The mean age of the 180 participants 

was 74.28 ± 13.29 years old. Of the 180 participants, 80 (44.4%) were successfully 

weaned. The ROC curve analysis showed that the cut-off point for the checklist 

score was 67%, and the area under the curve (AUC) was 0.874 ± 0.026 (p < .001), 
with a sensitivity of 88%, a specificity of 79%, a positive predictive value of 77%, 

and a negative predictive value of 89%. Patients who had a score of 67% or above 

were 4.1 times more likely to wean successfully than those with a score lower than 

67%. Conclusions: The 26-item RCC ventilator weaning assessment checklist is a 

useful tool for predicting successful weaning from ventilators for patients with 

acute respiratory failure. Further validation of this tool with prospective studies is 

needed. 
 

Keywords: Ventilator weaning assessment checklist, ventilator-dependent, 
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Introduction 
Clinically, patients with acute respiratory 

failure undergoing mechanical ventilation 
should be taken off ventilator support within 

seven days. However, approximately 20% to 30% 
of such patients experience repeated ventilator 

weaning failure and prolonged mechanical 

ventilation and then need to be transferred to a 

respiratory care center (RCC) for respiratory 

training (Lone & Walsh, 2011). Ventilator 
dependency can cause complications such as 

ventilator-associated pneumonia (prevalence of 

9%-27%; Chastre, Luyt, & Fagon, 2013) and 

sinusitis (prevalence of approximately 27%; 
Agrafiotis, Vardakas, Gkegkes, Kapaskelis & 

Falagas, 2012), increasing the difficulties for 
ventilator weaning. Ventilator dependency also 

promotes additional stresses and burden on the 

patients’ families (Pai et al., 2007). The medical 

costs for this population are gradually 

increasing annually (Lone & Walsh, 2011). In 

Taiwan, the number of patients requiring 
mechanical ventilation was approximately 

16,902 in 2016. The annual medical costs for 

patients using a ventilator for more than 21 days 

were up to 26 billion Taiwan dollars, which 

ranked third in total medical expenditures for 

critical illnesses (Wu & Yang, 2012). Early 

weaning from mechanical ventilation, 

therefore, is vital to help patients and their 

families return to normal life, decrease stress, 

and reduce medical burden. 
Failure to help successfully wean patients 

from mechanical ventilation may be due to 

failure to assess the readiness of the patients; 

therefore, the weaning process is initiated either 

too early or too late (Liu et al., 2008). Previous 

studies have found that using key weaning 

indices, as suggested by the American Chest 

Task Force group (Macintyre, 2012), or 

structured assessment tools, such as the Burns 

Wean Assessment Program (BWAP; Burns, 

Fahey, Barton, & Slack, 1991), can help 

practitioners assess the readiness of patients. 
These indices and assessment tools, however, 

are not completely suitable since some 

parameters in the existing profiles are out of 

date and no longer used in our practice. 

Therefore, the development of a new weaning 

checklist that is applicable in our practice in 

Taiwan is imperative to improve weaning 

outcomes. 
Weaning success refers to patients being 

able to maintain spontaneous breathing for at 

least 5 days after extubation, while weaning 

failure is defined as patients failing to pass a 

spontaneous breathing trial or needing to be 

reintubated within 48 hours following 

extubation ( Hayat, Khan, Khalil, & Asghar, 

2017). 
Ventilator weaning is a complicated 

process; therefore, using a structured checklist 

can make it possible to conduct a 

comprehensive assessment of the spontaneous 

breathing trial.  Among the current existing 

we a n i ng  a s se s sm e n t  t oo l s ,  the BWA P 

developed by Burns et al.  (1991)  i s  the  most 

commonly used. The BWAP comprises 12 items 

related to general physiological measurements 

and 14 items related to respiratory function 
( Burns et al. , 1991) .  A percentage score is 

calculated by summing up the positive answers 

and dividing by the 26 items. A BWAP score of 

65% or higher indicates being ready for weaning 

(Burns, Ryan, & Burns, 2010) .  During a 5-year 

period, Burns et al.  assessed a total of 1,889 

weaning attempts and found that 1,669 of these 

attempts were successful (Burns et al. , 2010) . 
The authors concluded that the BWAP is 

effective in determining weaning outcomes. 
However, the BWAP has some limitations, 

especially with regard to its application among 

elderly patients.  In an Epstein and Peerless 
(2006) study with BWAP, the authors suggested 

that maintaining fluid balance might be useful 

in weaning elderly patients from mechanical 

ventilation.  Assessment of fluid balance, 

however, is not one of the items in the BWAP 
( Epstein, & Peerless, 2006) .  Likewise,  some 
BWAP factors may lack sensitivity in cases 

with a longer duration of ventilator use, for 

example, maximal inspiratory pressure (Pimax) 
and maximal expiratory pressure (Pemax) in Liu 

et al.’s study (2008 ) of 319 elderly patients. In 

their study, these two factors were significantly 

different between the weaning success and 
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failure groups, which had a mean duration of 

41. 5 days of ventilator use ( Macintyre, 2012) . 

However, no significant between- group 

differences were found after ventilator use for 

over 60 days. 
On the other hand, other clinical factors 

should be taken into consideration based on the 

evidence from previous studies showing a 

significant association with successful weaning 

outcomes . These factors are minute ventilation 

(VE)  (Baptistella et al. , 2018; El-Khatib & Bou-
Khalil, 2008) ,  heart rate, blood pressure, 

peripheral capillary oxygen saturation (SpO2) , 
arterial blood gas, the rapid shallow breathing 

index ( RSBI) , and a high partial pressure of 

oxygen (PaO2)/fraction of inspired oxygen (FiO2) 
ratio (Agarwal, Kachhwah, Thakur, & Narang, 
2018). 

The purpose of this study was to develop 

and validate a new weaning assessment 

checklist to fit the current needs of our practice. 
By using the BWAP as a starting point, we 

developed a new RCC weaning assessment 

checklist. We hypothesized that this checklist 

could adequately assess the weaning readiness 

of the patients. Therefore, the predictability of 

this new checklist was examined with 

ventilator-dependent patients who had 

experienced respiratory failure. 
 

Methods. 
Research Design 

A retrospective descriptive research 

design was employed, including two steps. In 

step 1, a heterogeneous focus group discussion 

was held to develop and test the content validity 

of the new checklist. In step 2, a chart review 

was conducted to test the criterion validity (in 

terms of the prediction ability) of the checklist. 
Sample and Setting 

Step 1. Five experts in the respiratory 

care unit were invited: two physicians, one head 

nurse, one nurse practitioner, and one 

respiratory therapist. 
Step 2. A convenience sample of 180 

medical records was used. Participants were 

patients who were admitted to the respiratory 

care center of a medical center in southern 

Taiwan during the period of January 2011 to 

December 2012. A total of 280 medical records 

were reviewed. Of them, 180 patients met the 

inclusion and exclusion criteria and entered this 

study. The inclusion criteria were as follows: (1) 
aged 20 years or older, (2) had a diagnosis of 

respiratory failure due to pulmonary diseases 

and transfer from the medical intensive care unit 
(MICU), and (3) had undergone weaning trials 

for mechanical ventilation. Exclusion criteria 

included surgical and terminally ill patients (e.g., 
cancer, severe/decompensated cardiopulmonary 

failure). 
 

Demographic Data and Disease 

Characteristics 

Demographic data included sex, age, 

and body mass index (BMI). Disease 

characteristics consisted of the Glasgow Coma 

Scale [GCS], APACHE II disease severity 

score, and the duration of time on the ventilator 

prior to transfer into the RCC. 
The RCC Ventilator Weaning Assessment 

Checklist 

The RCC ventilator weaning 

assessment checklist was developed based on 

the BWAP (Hayat et al., 2017) and the literature 

review. Considering that several items in the 

BWAP had not been used as weaning indicators 

in our practice, the five experts suggested that 

some items, including Pemax, vital capacity (not 

used clinically), adequate sleep/rest (subjective 

determination), anxiety and nervousness 

(subjective determination), should be removed 

and that items that are commonly used in real 

practice, including RSBI, the daily routine 

general pain score, and chest X-ray findings, 

should be added. 
The RCC checklist has three domains: a 

7-item physiological function assessment, a 7-
item electrolyte balance assessment, and a 12-
item respiratory function assessment. The 

physiological functions are (1) a heart rate of 60-
100 beats/min and absence of arrhythmia prior 

to weaning; (2) a systolic blood pressure of 90-
160 mmHg, a diastolic blood pressure 60-100 

mmHg, and an absence of vasopressor use prior 

to weaning; (3) a tympanic temperature of 36-
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37.5 °C and absence of fever prior to weaning; 

(4) systemic hydration: intake/output > 1500 ml 

for the past 3 days; (5) the daily routine general 

pain score: measured with a visual analogue 

scale (VAS) ranges between 0 (no pain) and 10 

(possible worse pain); (6) absence of bowel 

problems (diarrhea, constipation); and (7) a chest 

X-ray indicating no improvement, 

improvement, or normal. 
The 7 items of the electrolyte balance 

domain are (1) hematocrit > 25%; (2) albumin > 

2.5 g/dl; (3) Na: 135~145 meq/L; (4) K: 3.5~5.5 

meq/L; (5) Ca: 4.5~5.5 meq/L; (6) Mg: 1.7~2.8 

meq/L; and (7) P: 2.5~4.5 meq/L. 
The 12-item respiratory function 

domain consists of (1) the spontaneous 

respiratory rate (＜30 breaths/min); (2) absence 

of adventitious breathing sounds (rhonchi, 

wheezing); (3) sputum (amount, color, character): 
little, moderate, or a significant amount; color: 
white, yellow white, or yellow; character: thick 

or thin; (4) presence of tracheostomy; (5) 
coughing ability; (6) Pimax ≤ -20 - -25 cmH2O; 

(7) tidal volume (VT) > 5 ml/kg; (8) RSBI＜105 

min/L; (9) VE＜10 L/min; (10) pH: 7.35-7.45; (11) 
PaCO2: 35~45 mmHg; and (12) PaO2≤60 

mmHg. 
Each item is rated on a 2-point scale (1 = 

yes, 0 = no). The total score ranges from 0 to 26. 
A percentage score is calculated by summing 

the number of “yes” responses and then dividing 

by 26 and multiplying by 100, with a higher 

score indicating better readiness for ventilator 

weaning. 
 

Procedures for Data Collection 

This study was reviewed by the 

Institutional Review Board of the study hospital 

(KMUH-IRB-20120276). We were granted 

permission to use the BWAP and received 

permission from the administrators of the 

hospital to conduct this study. After the 

checklist development, we explained the 

purposes and methods of this study to the RCC 

attending physicians. We also requested 

permission to access medical records from the 

medical records department. Then, the primary 

researcher screened the database for eligible 

cases based on the inclusion and exclusion 

criteria and collected data according to the 

checklist. The data collection period was from 

March 1, 2013 to July 31, 2013. 
 

Data Analysis 

Data were analyzed using SPSS for 

Windows (SPSS Inc., Chicago, IL), release 18.0. 
In step 1, the content validity index was 

calculated. In step 2, descriptive statistics, 

including the frequency distribution, 

percentage, mean, and standard deviation, were 

used to describe the data for all variables. For 

the criterion validity test, the criterion index 

was the participants’ weaning outcomes. The 

180 participants were grouped into either 

success or failure groups based on their real 

weaning outcomes. As a result, 80 patients were 

in the success group, and 100 patients were in 

the failure group. The differences between the 

groups were examined with chi-square tests for 

categorical variables and independent-t tests for 

continuous factors. The receiver operating 

characteristic (ROC) curve analysis was utilized 

to determine the characteristics of different 

RCC ventilator weaning assessment checklist 

intervals or cut-off points as a function of the 

weaning outcomes (success vs. failure). Test 

characteristics, including sensitivity, 

specificity, and positive and negative predictive 

values, were calculated for the cut-off point 

score. 
 

Results 

 

Content Validity of the RCC Ventilator 

Weaning Assessment Checklist 

In the content validity test, the five 

experts were invited to evaluate three qualities 

of each item: importance, clarity, and 

usefulness. The scale options for each quality 

were 1 (not relevant), 2 (unable to assess 

relevance without item revision), 3 (relevant but 

needs minor alteration), or 4 (very relevant and 

succinct). By taking the number of items > or = 
3, the content validity index (CVI) ranged from 
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74% to 97% for the 26 items and was 90% for the 

total scale. 
 

The Predictability Analysis of the Checklist 

Assessed by Weaning Outcomes 

The mean age of the 180 participants 

was 74.28 (SD=13.29) years. Table 1 shows the 

comparisons of the demographic and disease 

characteristics between the success group (n = 
80) and the failure group (n = 100). The success 

group had significantly higher GCS scores (9.73 

± 4.23 vs. 7.85 ± 4.26, t = 2.94, p <0 .01) and lower 

APACHE II scores (15.14 ± 4.92 vs. 
19.94 ± 5.84, t = 5.87, p <0 .001) than those of the 

failure group. The mean percentage score of the 

180 participants was 66% (SD = 15%). The success 

group had significantly higher percentage 

scores prior to the weaning trials than the failure 

group (76% ± 9% vs. 57% ± 14%, p <0.001).

 

 

Table 1.  Differences in Demographic and Disease Characteristics between the Success Group and the  

Failure Group   
   

Variables 

Overall (N=200) Success (n=80) Failure (n=100) t /χ2 p 

M ± SD M ± SD M ± SD   

Sexa    3.68 0.055 

Male, n (%) 102 (57) 39 (49) 63 (63)   

Female, n (%) 78 (43) 41 (51) 37 (37)   

Age  74.28 ± 13.29 74.89 ± 13.87 73.79 ± 12.85 0.55 0.583 

BMI 22.94 ± 5.91 23.10 ± 6.62 22.80 ± 5.29 0.34 0.740 

GCS 8.68 ± 4.34 9.73 ± 4.23 7.85 ± 4.26 2.94 0.004 

APACHE II 17.81 ± 5.94 15.14 ± 4.92 19.94 ± 5.84 5.87 <0.001 

Duration on 

ventilator 
19.56 ± 8.72 19.56 ± 8.82 20.01 ± 8.66 -0.77 0.440 

Note. aχ2 tests; BMI: body mass index; GCS: Glasgow coma scale; APACHE II: acute physiology and chronic health 

evaluation II. 
 

Among the 26 items of the checklist (Table 
2) , significant between-group differences were 

found in 3 physiological functions, 2 

electrolytes, and 8 respiratory variables.  In the 

physiological function domain, the success 

group had significantly lower heart rates (83.54 

± 13.92 vs.  91.23 ± 18.97, t =  -3.14, p < 0.01), 
systemic hydration (404.13 ± 616.31 vs.  716.00 

± 741. 56, t =  - 3. 02, p <0. 01) , and normal or 

improving chest X-rays (98% vs. 37%, χ2 = 70.83, 

p < 0.001) than the failure group.  They also had 

higher hematocrit (29.81 ± 5.09 vs. 28.01 ± 4.16, 

t = 2.61, p < 0.05) and albumin levels (2.72 ± 0.36 

vs. 2.46 ± 0.48, t = 4.14, p < 0.001) than the failure 

group in the electrolyte balance domain. 

In terms of the respiratory function 

domain, the success group had significantly 

lower spontaneous respiratory rates ( 20. 54 ± 

4.48 vs. 29.24 ± 6.61, t = -10.49, p <0.001), Pimax 

( -24.10 ± 8.87 vs.  -12.80 ± 9.89, t =  -7.96, p < 

0.001), RSBI (61.19 ± 25.61 vs. 117.53 ± 42.20, 

t =  -11.05, p < 0.001) , and VE (7.76 ± 2.16 vs. 
13.29 ± 2.82, t = -14.91, p <0.001) but higher use 

of tracheostomies (58%  vs.  35% , χ2 =  9.09, p <0 
.010), coughing ability (82% vs. 47%, χ2 = 22.18, 

p < 0.001) , VT (372.54 ± 124.81 vs.  283.07 ± 

105.29, t = 5.12, p < 0.001), and PaO2 (115.92 ± 

30.03 vs. 95.80 ± 31.67, t = 4.33, p < 0.001) than 

the failure group. 
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Table 2. RCC Ventilator Weaning Assessment Checklist between the Success Group and the 

Failure Group 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 a Analyzed with chi-square tests. 
 

 

Variables 

Success (n=80) Failure (n=100) 
χ2/t p 

M ± SD  M ± SD  

Physiological function      

Heart rate 83.54 ± 13.92 91.23±18.97 -3.14 0.002 

Systolic blood pressure 135.85 ± 19.78 130.86 ± 21.30 1.61  0.109 

Diastolic blood pressure 71.75 ± 14.36 70.64 ± 14.58 0.51  0.610 

Tympanic temperature 36.80 ± 0.54 36.85 ± 0.72 -0.51  0.611 

Intake/output balance 404.13 ± 616.31 716.00 ± 741.56 -3.02 0.003 

Pain score change 0.38 ± 1.28 0.51 ± 1.51 -0.64  0.524 

Absence of bowel problemsa, n (%) 68 (85) 75 (75) 5.07 0.226 

Chest X-rays improved or normala, n (%) 78 (98) 37 (37) 70.83 0.001 

Electrolytes     

Hematocrit 29.81 ± 5.09 28.01 ± 4.16 2.61  0.010 

Albumin 2.72 ± 0.36 2.46 ± 0.48 4.14  0.000 

Na 139.53 ± 6.34 141.79 ± 7.01 -2.25  0.056 

K 4.00 ± 0.60 4.09 ± 0.69 -0.85  0.394 

Ca 4.97 ± 0.51 5.10 ± 0.56 -1.58  0.116 

Mg 2.40 ± 0.46 2.33 ± 0.50 0.98  0.327 

P 3.39 ± 1.18 3.53 ± 1.03 -0.84  0.402 

Respiratory function      

Spontaneous respiratory rate  20.54 ± 4.48 29.24 ± 6.61 -10.49 <0.001 

Absence of adventitious breath soundsa, n 

(%) 
6 (8) 2(28) 3.17 0.075 

Sputum (amount, color, character)a   10.96 0.054 

Small, whitish, sticky, n (%) 26 (33) 14 (14)   

Moderate, whitish, sticky, n (%) 48 (60) 68 (68)   

Significant, yellowish/whitish, sticky, n 

(%) 
6 (8) 18 (18)   

With tracheostomya, n (%) 46 (58) 33 (35) 9.09 0.003 

Cough abilitya, n (%) 65(82) 47(47) 22.18 <0.001 

Pimax -24.10 ± 8.87 -12.80 ± 9.89 -7.96 <0.001 

Tidal volume (VT) 372.54 ± 124.81 283.07 ± 105.29 5.12 <0.001 

Rapid shallow breathing index 61.19 ± 25.61 117.53 ± 42.20 -11.05 <0.001 

Minute ventilation (VE) 7.76 ± 2.16 13.29 ± 2.82 -14.91 <0.001 

PH  7.43 ± 0.04 7.39 ± 0.08 3.11 0.125 

PaCO2 39.55 ± 7.31 40.07 ± 11.85 -0.37 0.713 

PaO2 115.92 ± 30.03 95.80 ± 31.67 4.33 <0.001 
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Figure 1. ROC curve of the total score of the RCC Ventilator Weaning Assessment Checklist (n=180); 
the cut-off point was 67.3% 

 

The ROC results 

There were 80 participants who 

successfully weaned and 100 who failed to 

wean. As shown in Figure 1, the ROC curve 

analysis showed that the area under the curve 

(AUC) was 0.874 ± 0.026 (p < .01). The most 

acceptable cut-off point of the percentage score 

was 67.3%, with a sensitivity of 88.8% and          a 

1-specificity of 21%. Table 3 presents a detailed 

examination of the operating characteristics of 

different cut-off points from percentage scores 

of 65% to 70%. The results indicated that scores 

in the range of 66% to 69% had the same 

sensitivity, specificity, and likelihood values for 

predicting weaning outcomes. 

 

Table 3. Operating Characteristics of Different RCC Ventilator Weaning Assessment Checklist Cut 

points for Diagnosing Weaning Success (N=180) 
 

Checklist score Sensitivity  

(%) 
Specificity  

(%) 
Likelihood ratio  

(%) 
≧65% 93 66 2.7 

≧66% 88 79 4.1 

≧67% 88 79 4.1 

≧68% 88 79 4.1 

≧69% 88 79 4.1 

≧70% 71 84 4.4 

 

Table 4. Diagnostic test results of the RCC Ventilator Weaning Assessment Checklist for     

Weaning Success 
 

Weaning outcomes ≧67% ＜67% Total 

Success 71 9 80 

Failure 21 79 100 
 

Sensitivity：88 %（71/80）; Specificity：79%（79/100）;Predictive value（＋）：77%（71/92） 

Predictive value（－）：89%（79/88）; Positive Likelihood ratio（＋）：4.1（0.88/1-0.79） 

Negative Likelihood ratio（－）：0.15（1-0.88/0.79）; Overall, correct rate：83%（71+79/180） 

Sensitivity 

 (True positive rate) 

1-Specificity (False positive rate) 
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Discussion  

Overall, the results supported the use of 

this RCC ventilator weaning assessment 

checklist for determining weaning outcomes. 
The success group had significantly higher 

percentage scores prior to the weaning trials 

than the failure group (76% vs. 57%). The ROC 

analysis revealed that patients with a percentage 

score greater than 67% were more likely to be 

weaned successfully. With a cut-off point of 

67%, this checklist demonstrated a sensitivity of 

88% and a specificity of 79%. 
Although percentage scores of 66% to 

69% had the same predictability for weaning 

success, a percentage score of 67% was 

identified as the successful weaning score based 

on the ROC curve analysis result. Likewise, the 

mean score of the current study was 66%. 
Previously, the BWAP score was 65% (Boles et 

al., 2007). The sensitivity, specificity, positive 

predictive value, and negative predictive value 

of the RCC ventilator weaning assessment 

checklist were 88%, 79%, 77%, and 89%, 

respectively, whereas those of the BWAP were 

77%, 60%, 20%, and 95%, respectively. The 

greatest difference between the BWAP and this 

RCC checklist was the positive predictive value 
(20% vs. 77%). This may be because we merely 

used cross-sectional retrospective data, whereas 

Burns, Burns, and Truwit (1994) used 

prospective data to analyze the predictability of 

the tools. 

Regarding the 26 items on the RCC 

weaning assessment checklist, 13 items showed 

significant between-group differences. The 

success group had significantly lower heart 

rates, better intake and output balance and 

improved or normal CXR in the physiological 

function domain and higher hematocrit and 

albumin levels in the electrolyte balance 

domain than those of the failure group. These 

findings support previous studies showing that 

stable hemodynamics (Boles et al., 2007; 

Twibell, Siela, & Mahmoodi, 2003), sufficient 

nutritional status (Macintyre, 2012), and control 

of pulmonary infection (Boles et al., 2007) are 

important for improving oxygen delivery and 

reducing respiratory muscle fatigue, thus 

increasing the probability of weaning success. 
Likewise, the success group had higher GCS 

scores and lower APACHE II scores than those 

of the failure group, indicating that patients who 

had a stable condition were more likely to 

achieve favorable weaning outcomes than those 

who did not (Islam, 2013), suggesting the need 

to stablize the patient’s condition before iniating 

the weaning process. 
Participants in the weaning success 

group also had significantly more stable 

pulmonary function, including spontaneous 

respiratory rate, spontaneous VT, higher PaO2, 

better coughing ability, lower Pimax, lower 

RSBI, lower VE, and fewer endotracheal 

intubations in the respiratory function domain. 
The RSBI can be used as an indicator of the 

tolerance of respiratory muscle (Blumhof, 

Wheeler, Thomas, McCool, & Mora, 2016), 
while VE < 10 L/min can prevent respiratory 

muscle fatigue (Silva, & Rocco, 2018). When 

patients have stable and spontaneous respiratory 

rates, they can reach optimal VT, retain 

coughing ability, and maintain a patent airway 
(Terzi et al., 2018).  

The finding that the success group had 

fewer endotracheal intubations is congruent 

with the findings of a study by Lee, Lin, and 

Weng (2008). The participants in the current 

study were mainly elderly patients who had 
experienced problems such as ineffective 

airway protection, poor coughing ability, and 

ineffective airway clearance. These problems 

can precipate difficulties in weaning attempts. 
Therefore, a tracheostomy was recommended 

to, but commonly refused by, patients and their 

families the first time. We suggest that in the 

future, healthcare providers should put more 

effort into encouraging such patients to undergo 

a tracheostomy early to improve the success rate 

of weaning. 
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Limitations 

This study only involved patients with 

pulmonary diseases from a respiratory care 

center located in southern Taiwan, which limits 

the generalizability of the study. Future research 

should include more participants with 

respiratory failure owing to different causes, 

such as neurological disorders. Likewise, 

prospective studies should be conducted to test  
The usefulness of our RCC ventilator 

weaning assessment checklist. 
 

 

Conclusions 

The results supported the prediction 

ability of the RCC ventilator weaning 

assessment checklist. A percentage score of  

67% could predict successful weaning with a 

sensitivity of 88%, a specificity of 79%, a 

positive predictive value of 77%, and a negative 

predictive value of 89%. Future studies, 

however, should be conducted to confirm the 

applicability and usefulness of the checklist. 
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Abstract 

Background: Innovative management of in-patient department has played 

a crucial role in developing quality nursing services and outcomes as well 

as enhancing patient safety.  Consequently, factors affecting innovative 

management should be determined.  Objectives:  This descriptive study 

aimed to examine outcomes and analyze factors influencing the innovative 

management of in- patient departments. Methods: Head nurse who have at 

least three- year experience in the management of in-patient departments in 

community hospitals were selected using stratified sampling and simple 

random sampling techniques.  Data were conducted using questionnaires 

regarding the topics of knowledge creation and innovative management 

performance with reliability at 0. 87 and 0. 91 respectively, as well as 

personal information.  The data were analyzed using percentage, mean, 

standard deviation, and Pearson correlation coefficient as well as stepwise 

multiple regression analysis. Results: The study revealed that the mean of 

knowledge creation, overall of innovative management performance, the 

compositions of knowledge creation as well as innovative management’s 
performance of in-  patient departments were high.  Factors including 

knowledge creation, experiencing the training of knowledge management 

and experiencing research related to innovation were statistically 

significant with outcomes of innovative management (p-value < 0.01) .  In 

addition, these factors could collaboratively predict 48. 7 percent of 

innovative management performance. Conclusion: Nursing administrators 

should impose policy and create action plans to enhance the skills of head 

nurses of In-Patient Departments such as creating new knowledge in wards 

and encouraging head nurses to conduct innovative research and training 

regarding knowledge management.  Consequently, these will result in 

effective and efficient innovative management of In-Patient Departments. 
 

Keywords; Innovative management performance, knowledge creation, 

In-patient departments, Community hospital   
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Introduction 
 Rapid changes in advanced sciences 

and technologies have created societies with 

knowledge and innovation (Drucker, 1993).  
Currently, the Thai government has realized the 

importance of this issue and has announced a 

policy focusing on producing innovative 

products, encouraging people to develop 

innovative services, developing organization by 

using technologies, creativity, and innovation 
(Chanocha, 2015) as well as implementing this 

policy to all government agencies.    
  Bureau of Nursing has imposed this 

policy by encouraging hospitals to create and 

develop a variety of innovation since this will 

enhance quality-nursing services in their 

organizations (Bureau of Nursing, 2012). In 

addition, community hospitals have 

implemented the policy regarding creativity of 

innovation because this can assist hospitals to 

develop quality nursing services more 

effectively (Jirapaet, 2012), improve nursing 

outcomes (Oecon, 2006) as well as ensure clients 

safer (Klangtamnian, 2012). Hence, innovation 

is a key factor, which results in the development 

of nursing quality services in nursing 

organizations (McGregor, 2015). However, an 

assessment of innovative management among 
in- patient departments revealed that hospitals 

could not implement innovation in every unit 

and it could partly use in nursing services 

(Nursing organization, 2015).    
 Factor influencing a success of 

innovative management performance among in- 
patient departments consisted of knowledge 

creation, which could create relevant 

information and knowledge. Ultimately, these 
led to potentially enhance practical innovation 

and were useful in organizations (Nonaka, & 

Takeuchi, 1995; Berraies, et al, 2014; Tidd & 

Bessant, 2014). As a reviewed literature 

regarding personal factors (age), a study 

reported that younger people had a more 

creative idea in creating innovation (Amabile, 

2013). Due to experiencing research related to 

innovation, this age is the crucial factor 
influencing a success innovative management 
performance in organizations. Integrating 

between research methodology and make of 

innovation could solve problems resulted from 

routine work, developed outcomes of 

innovation more valuable and useful for 

organizations (Jirapaet, 2010; Hughes, 2006). In 

addition, experiencing a training of innovation 

and knowledge management helped officers to 

be more knowledgeable in this area. This 

assisted organizations in achieving their 

ultimate goals. Furthermore, a result of training 

programs resulted in exploring new knowledge 

faster and potentially enhanced the skills of 

innovative creation (Smith et al, 2008).       
Currently, knowledge about factors 

influencing innovative management 

performance among nurses is still limited. 
Consequently, the researcher would like to 

examine factors that affect innovative 

management performance of in-  patient 

departments since this will enhance the skills of 

knowledge management and can be applied in 

creating an innovation of in- patient departments 
in the future.  
 

Objectives 

1. To examine knowledge creation and 

innovation management performance of in- 
patient departments. 

2. To analyze the factors regarding 

establishing of knowledge, age, experiences of 

innovative research, experiences of trainings of 

innovation as well as knowledge management 
that affect innovation management performance 
of in- patient departments. 

Conceptual Framework 

 The conceptual framework was based 

on the concept of innovative management (Tidd 

& Bessant, 2014) .  This resulted from resources 

management and knowledge creation supported 

innovation management performance.  This 

framework concerned innovative management 

performance that could be used in nursing 

practice which three component included input 
to the innovation process, organizations with 

focused on innovation can be described as 

requiring necessary and sufficient input 

resources, process as an organization structure 

consistent with innovation creation, flexible 

structures, distributed power, teamwork 
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supporting innovation such as allowing 

personnel to express opinions and participate in 

decision- making leading to learning and 

innovation creation and output that assess 

capabilities or success of organizations in 

creating innovations.  The four knowledge 

creation were applied consisting of crucial and 

included socialization, externalization, 

combination, and internalization ( Nonaka & 

Takeuchi, 1995)  since knowledge cycles these 

were believed to be a very factor that could 

affect innovative management performance of 

in-  patient departments support as shown in 

figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Conceptual Framework  

 

Material and Method 

 The study was prediction research.  
Population and Sample 

Populations were 454 head nurses in 88 

community hospitals in health region 12.  The 

samples included three hundred head nurses 

who have at least three-  year experience in the 

management of in-  patient departments in 

community hospitals.  This study used stratified 

sampling and simple random sampling without 

replacement technique to select hospital and 

nurse samples.  The study was conducted from 

September to November 2016.  
Research instrument  

The research tool for data collection was 

a questionnaire composed of 3 parts;  
  Part 1 personal data:   the question were 

developed by the researcher.  This consisted of 

age, experiences of conducting innovative 

research as well as experiences of training 

regarding innovation and knowledge 

management. 
Part 2 knowledge creation:  the 

researcher applied the tool from of Schulz and 

Huagel( 2008) with a content validity at 0.84 and 

used cross- cultural translation.  The questions 

consisted of the perception of nursing directors 

regarding behavior of nursing staffs in creating 

new knowledge.  The four- knowledge 

transformations were socialization, 

externalization, combination, and 

internalization.  Sixteen questions were applied 

using Rating Scale including strongly agree (5), 
quite agree (4) , neutral agree (3) , less agree (2) , 
and least agree ( 1) .  Due to reliability, the 

researcher tried out the questionnaires with 30 

head nurses who have at least three years’ 
experience in the management of in-  patient 

departments in community hospitals and the 

Cronbach's alpha coefficient was at 0.87. 
Part 3 innovative management 

performance:  the questionnaire was created by 

the researcher based on the theory of an 

innovative management by Tidd and Bessant 

( 2014) .  Questions aimed to examine of the 

perception of head nurses of in-  patient 

departments.  In order to measure this part, the 

Personal factors 

- Age 

- Experiences of research related to 

innovation 

- Experiences of the trainings of innovation 

- Experiences of the training of knowledge 

management 

Knowledge Creation 

- Socialization 

- Externalization 

- Combination 

- Internalization 

Innovation management 

performance 

- Input 

- Process 

- Output 
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researcher used three components including 

input, process and output.  Twenty- three 

questions were applied using the Likert Scale 
regarding strongly agree (5)  agree (4)  neutral (3) 
disagree (2) and strongly disagree (1). In term of 

validity, the questionnaire of this part was 

approved by nine experts and the content 

validity index was calculated at 0. 84.  To 

enhance reliability, the researcher tried out the 

questionnaires with 30 head nurses who have at 

least three-year experience in the management 

of nurse units in community hospitals and the 

Cronbach's alpha coefficient was at 0. 91. 
Defining the criteria, interpreting the mean of 

knowledge creation and innovative 

management performance of in-  patient 

departments were classified using the scores as 

the highest mean (4.51 –  5.00) , the high mean 

(3.51 – 4.50), the moderate mean (2.51 – 3.50), the 

less mean (1.51 – 2.50) and the lest mean (1.00 – 
1.50) (Sristhitnarakul, 2012). 
 

Data Collection 

The researchers made a letter of 

permission in collecting data to the directors of 

community hospitals and requested the ethical 

approval of human research from community 

hospitals.  Before the data collection, there was 

a process to clarify the purposes of this study 

and details of methodology with head nurses. 
After this process, the researcher sent out the 

questionnaires to either head nurses or research 

coordinators and asked them for their 

participation.  The information obtained in this 

study was kept confidentially and finally, 294 

complete questionnaires were collected, 

presenting 98 percent of the sample.      
 

Data Analysis  

This study used computer programs to 

analyze the data as the followings.  

1. Used descriptive statistics regarding 

frequency and percentage to analyze the 

personal information.  
2. Applied mean and standard 

deviation in analyzing the scales of the opinion, 

knowledge creation as well as innovative 

management performance. 
3. Analyzed the associations among 

personal factors, knowledge creation and 

innovative management performance using the 

Pearson’s Correlation Coefficient.    
4. Analyzed the prediction of personal 

information, knowledge creation affecting 

innovative management performance in in- 
patient departments using Multiple Regression 

Analysis. 
 

Results  

 Part 1 Personal information of two 

hundred nighties four participants. The results 

showed that approximately sixty percent of 

participants were 41 – 50 years old. The average 

of aged was 48.66 years. More than half of 

participants (58.8 percent) had experienced 

research related to innovation. Of those 30.6 

percent and 22.1 percent once and twice, 
respectively. Around sixty-two percent of 

participants had experienced the training of 

innovation 40.5 present of those attended a 

training for one time and 12.9 percent for two 

times two times. Approximately 80 percent of 

participants had experienced the training of 

knowledge management. Those people 

participated in the training one time (24.5 

percent) and followed by two (19.4 percent) and 

five times (13.9 percent) respectively.  

Part 2 Mean ( ) , standard deviation 

( SD)  of knowledge creation as well as 

innovative management performance of in- 
patient departments among community 

hospitals were presented in the table 1.   
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Table 1 Mean ( X ) , standard deviation (SD)  and interpretation of knowledge creation and innovative 

management performance. 
 

Variables  X  S.D Level  

Knowledge creation  

     Socialization 

     Externalization  
     Combination 

     Internalization 

3.81 

3.88 

3.83 

3.81 

3.73 

0.39 

0.42 

0.49 

0.41 

0.47 

High  

High  

High  

High  

High  

Innovative management performance 

     At the period of process  

     At the period of output  

     At the period of input          

3.87 

4.14 

3.78 

3.70 

0.41 

0.47 

0.54 

0.47 

High  

High  

High  

High  

Part 3 Analytical results of the association 

among variables  
The table 2 Analytical results of the 

association among variables including age, 

experiencing research related to innovation, 

experiencing the training of innovation, 

experiencing the training of knowledge 

management, knowledge creation as well as 

innovative management performance. 

 

Table 2 The results of the associations among variables including age, experiencing research related to 

innovation, experiencing the training of innovation, etc.  
 

Variables  X1 X2 X3 X4 X5 

Age (X1) 1.000     

Experiencing research related to innovation (X2) -.106* 1.000    

Experiencing the training of innovation (X3) -.144** .172** 1.000   

Experiencing the training of knowledge 

management (X4) 
.031 .275** .440** 1.000  

Knowledge creation (X5) -.227** .446** .265** .374** 1.000 

Outcomes of innovative management (Y) -.195** .421** .233** .414** .665** 

*p< 0.05, **p< 0.01 

 

The table 2 revealed that knowledge 

creation, experiencing research related to 

innovation, experiencing the training of 

knowledge management as well as experiencing 

the training of innovation were found to be 

positively correlated with innovation 

management performance at r=  0.665, p-value< 

0.01; r= 0.421, p-value< 0.01; r= 0.414, p-value< 

0. 01; r=  . 233, p- value< 0. 01 respectively. 
However, age was found to be negatively 

correlated with innovative management 

performance at r=  -0.195, p value< 0.01, while, 

all variables were found to be multicollinearity.  
Part 4 Analytical results of the 

prediction regarding personal information and 
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knowledge management, resulting in outcomes 

of innovative management.  
Table 3 Analytical results of the 

prediction regarding personal information and 

knowledge management, resulting in outcomes 

of innovative management of in- patient 

departments (n=294) 
 

 

 

 

Table 3 Analytical results of the prediction regarding personal information and knowledge 

management, resulting in outcomes of innovative management of in-patient departments (n=294) 
  

Variables  b SE b 𝛽 t p-value 

Constant 1.604 0.187  8.594 <0.001 

Knowledge creation (X5) 0.567 0.052 0.540 10.997 <0.001 

Experiencing the training of knowledge 

management (X4) 
0.067 0.007 0.175 3.837 <0.001 

Experiencing research related to innovation (X2) 0.050 0.018 0.132 2.784 <0.001 

R= 0.698, R2= 0.487, F= 91.877**, Durbin- Watson= 1.784 

  

 The table 3 showed that knowledge 

creation, experiencing research related to 

innovation and experiencing the training of 

knowledge management predicted innovative 

management performance at 48.7 percent. In 

addition to the prediction, knowledge creation 

predicted innovative management performance 

most using a formulation as the following. 
     Y= 0.540 (X5) + 0.175 (X4) +0.132 (X2) +e      

                                                               
Discussion  

 The study revealed that the factors 

influencing innovative management 

performance included knowledge creation, 

experiencing the training of knowledge 

management and experiencing research related 

to innovation of head nurses and these could be 

explained as the followings.  
 

Knowledge creation  

 This study found that knowledge 

creation has the most impact on the innovation 

management of in-  patient departments.  This 

implies that knowledge creation is a significant 

factor in creating innovation.  Setting a goal to 

create new knowledge by head nurses and apply 

this strategy with a routine work leads to a 

success of innovation management.  Sharing 

knowledge from experiences among nurses 

(Tacit Knowledge) and developing to be explicit 

knowledge can create new knowledge and 

apply to establish innovation of nursing 

practice.  This is consistent with a study by 

Schulze and Hoegl, 16 reviewing the prediction 

of innovation management performance. 

Knowledge creation predicted innovation 

management performance (R2=0.60). In addition, 

a study conducted by Berraies, Chaher and 

Yahia (2014)  revealed that knowledge creation 

influenced innovation management 

performance (β =  0.79) .  This is also consistent 

with a knowledge creation theory by Nonaka 

and Takeuchi (1995) .  New knowledge resulted 

from knowledge creation could potentially 

enhance innovation and application in 

organizations.  
Experiencing the training of knowledge 

management  

 As a result, experiencing the training of 

knowledge management has influenced 

innovation management performance.  This 

implies that head nurses with knowledge 

management skills are knowledgeable.  This 

results in creating new knowledge, 

disseminating knowledge to nursing staffs as 

well as creating innovation of in-  patient 

departments regularly.   This is also consistent 

with a study conducted by Smith, Busi, Ball, 

and Meer (2008). Participants with experience in 

knowledge management influenced innovative 
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management with β = 0.195. In addition, a study 

by Li, Zhou, and Liu ( 2006)  supported that 

leaderships who experienced a training related 

to knowledge management was found to be 

positively associated with a innovation 

management performance ( r= 0. 41, p- value< 

0.01).  
 

Experiencing research related to innovation.  
 The study showed that experiencing the 

training of innovative management is one of the 

crucial factors influencing innovative 

management. This affirms that head nurses with 

three years’  experience in innovation 

management could apply research skills to 

solve the problems resulted from their routine 

work( Jirapaet, 2010) 4.  Research related to 

innovation is a new concept test using the 

empirical findings and it can be usable (Hughes, 

2006) .  Hence, head nurses with experiences are 

more understandable and manageable in this 

field and this result in effective innovation 

which can be used in health care units. The study 

is consistent with a study by Prajogo, and 

Ahmed (2006) which found that the leaders with 

experience in research was found to be 

positively associated with the development of 

innovation (r = .534 and p-value < 0.01).     

 

Recommendations  

1. In order to enhance knowledge about 

innovation, advance nursing science and 

management for head nurses, it is crucial to 

impose a relevant knowledge management and 

innovation management policy and action plan 

which should be applied with in-  patient 

departments since these can create innovation 

management and result in an application among 

patients. 
2. Human resource development plan 

regarding knowledge management and research 

skill are needed for head nurses because this can 

be applied to develop effective and efficient 

innovation management performance.  
3. Head nurse should be taken training 

about creation of innovation and knowledge 

management with other organization about 

innovation management.  
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