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Nusaree Siripath : EFFECTIVENESS OF MOBILE APPLICATION (EASYDM) FOR DIABETES CONTROL FOCUSING ON DIABETES MEDICATION
ADHERENCE AMONG UNCONTROLLED DIABETES PATIENTS ATTENDING PRIMARY CARE UNITS IN BANGKOK THAILAND: A RANDOMIZED
CONTROLLED TRIAL . Advisor: Asst. Prof. NUTTA TANEEPANICHSKUL, Ph.D.

Introduction: Increasing uncontrolled diabetes mellitus requires ways to tackle it effectively. Primary Care Units (PCU) play an
important role in diabetes care in Thailand. One option of diabetes management includes use of mobile applications that have proven effective.
We investigated whether EASYDM mobile application is effective in diabetes control focusing on medication adherence among uncontrolled

diabetes patients attending Primary Care Unit.

Method: A two-arm randomized assessor blinded controlled trial was conducted in between August to December 2019 at
Pattanavej primary care unit in Saimai, Bangkok, Thailand. The sample was 186 patients who fulfill eligibility criteria of age 45-65 years, , type 2
diabetes with HbAlc > 7% assessed within previous 3 months and who are taking oral diabetic medications were randomized and assigned to
intervention and control group in 1:1 ratio. Questionnaires were used to collect required data. Intervention group (n=93) was provided EASYDM with
mobile application with functions and information designed and validated by experts to control diabetes while control group (n=93) received Usual
Care provided by primary health care team. Primary outcome were self-reported medication adherence scores by Thai version Morisky Medication
Adherence Scales-8 (TMMAS-8) and pill count medication percentage of monthly for 3 months. Secondary outcome was HbAlc level assessed at
34 month in standard laboratory under National Health Security Office. Analysis was done by using Chi-square test, paired t-test, independent t-test,

repeated measures ANOVA test and mixed between-within ANOVA test as appropriate.

The results: showed that self-reported Morisky Medication Adherence scores in EASYDM group increased across 3 time points
measurement (1% month: 5.81+0.96 vs 5.40+1.12; p=0.008), (2" month: 6.55+0.87 vs 5.39+1.08; p<0.001) and (3" month: 7.47+0.76 vs 5.38+1.11;
p<0.001) from (baseline: 4.61+0.57 vs 4.53+0.64; p=0.333) as compared to scores in Usual Care group. MMAS scores between EASYDM and Usual
Care were significantly different [F (1,184) =147.502, p<0.001, I’]p2= 0.445]. Pill count medication adherence percentage was increased across 3
time points (1 month: 79.35+7.065 vs 72.98+5.560; p<0.001), (2™ month: 86.62+7.396 vs 72.96+6.243; p<0.001) and (3" month: 96.37+5.938 vs
74.18+4.730; p<0.001) from (baseline: 72.72+7.420 vs 73.97+6.383; p=0221) as compared to scores in Usual care group. Pill count medication
adherence percentage between EASYDM and Usual Care were significantly different [F (1,184) =296.334, p<0.001, Np2 = 0.617]. HbAlc level at
3'Y month was also reduced significantly in EASYDM group compared to level in Usual Care group (6.87+1.13 vs 9.55+1.69, p<0.001). In conclusion,
EASYDM mobile application has impact on MMAS scores increase, improvement in pill count medication adherence percentage and reduced HbAlc

level among uncontrolled diabetes patients in Thailand.

Conclusion and recommendation: EASYDM application has impacted on increasing in MMAS-8 scores and reducing HbAlc level
among uncontrolled diabetes patients at PCU in Bangkok. However, Long term follow-up evaluation of this application for sustainability and an

upgrade in line with emerging mobile technology to maintain acceptability and functionality would be required.

Field of Study: Public Health Student's Signature ..........cooeeceeeveorens
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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Diabetes become a major cause of mortality and morbidity in Thailand as
seen in the world with the demographic transitions which leads to the need to
timely tackle this issue. A study of 8-years cohort (2005-2013) in Thailand revealed
that cumulative incidence for type 2 diabetes by age standardization is 222 for men
and 96 for women per 10,000 (Papier et al., 2016). It is reported that deaths from
diabetes in Thailand account for 200 people per day whereas people with diabetes is
recently estimated around 4.8 million. Out of 4.8 million, nearly 2.7 million patients
are diagnosed as diabetes and 97% (2.6 million) are receiving treatments. However,
only 0.9 million is reported to be achieving target HbAlc level, which is a reliable
marker for diabetes control (Novo nordisk, 2017). Similarly, an update analysis of 10-
years data from 2004 to 2014 showed lower undiagnosed diabetes, lower untreated
diabetes among diagnosed patients, higher treated and controlled patients among all
diabetes, higher treated and controlled patients among treated diabetes;
nevertheless, percentage of uncontrolled diabetes on treatments is notably static
(23.7% Vs 23.9% in men) and (32%.0 Vs 35.7% in women) when compared 2004 with
2014 (Aekplakorn et al.,, 2018). Importantly, elderly Thai above 60 years will be
beyond 20% of population in 2025. With this shift, in 2040, Thailand projects 5.3
million would be with diabetes, which could increase to 7.5 million with no action
taken today (Novo nordisk, 2017). Globally, diabetes is prospectively anticipated to
be increasing from the current prevalence of adults with diabetes around 422 million
in 2014 which equates to one in 11 people to have diabetes. Deaths reported due to
diabetes and high blood glucose amounts to 3.7 million and, 1.5 million from

diabetes alone (Organization, 2016).



Diabetes is in fact a metabolic impairment resulting from insulin insufficiently
produced or ineffectively used by our body. Insulin is a type of hormone helping
sugar (glucose) enters cells of human body to utilize these sugars as energy. In the
state of lacking insulin, glucose accumulates outside cells raising their concentrations
in the blood streams, which causes high blood glucose level of individuals
predisposing to prediabetes state, if left untreated, may lead to diabetes. Depending
on the insulin requirement, diabetes can be type 1 (insulin dependent) diabetes and
type 2 (non-insulin dependent) diabetes. Additionally, gestational diabetes is termed
for a temporary condition of hyperglycaemia encountered during pregnancy. Diabetes
status can be diagnosed with measurements of blood slucose levels. World Health
Organization currently sticks to fasting plasma glucose of 126 mg/dl or > 7.0 mmol/L,
or 2-hour plasma glucose of 200 mg/ dl or > 11.1 mmol/ | to define diabetes

(Chaudhury A & Montales MT, 2017; Organization, 2006).

To treat diabetes and delay related complications from diabetes, maintaining
blood sugar level is paramount. Due to complex nature of disease, diabetes requires
multidisciplinary management approach to achieve optimal control by addressing
risks factors. Risk factors of diabetes are commonly overweight, high fat
accumulation, sedentary lifestyles, growing age and hereditary. Most of these risks’
factors can be modified by simply changing lifestyles such as taking regular exercise,
following balanced diet and choosing healthy activities. Additionally, surgical or
medication means are used to delay these risks. Sustainability of activities are
important and it has enormous benefits both in maintaining optimal blood sugar
level and prevention of hypertension, hyperlipidemia, heart diseases, strokes and

renal complications altogether achieved (Davies et al., 2018).

One of the corner stone of controlling diabetes is taking drugs correctly and

regularly prescribed on the condition of patient's diabetic status. Failure to adhere to



prescribed drugs may result in uncontrolled diabetes with high blood sugar level,
high HbAlc, impaired laboratory results, etc. Coupling diabetes drugs with lifestyles
modification proves satisfied control of diabetes and its complications. Common
drugs for diabetes are in several forms of Metformin which decrease g¢lucose
production from liver, reduces intestinal absorption of glucose and improves
peripheral utilization of glucose; Sulfonylurea which stimulates insulin production
form pancreas; Thiazolidinedione which increase insulin sensitivity; and Insulin which
is the key hormone in regulating blood glucose. Other drugs such as lipid lowering
agents, drugs for cardiovascular diseases and hypertension are jointly used to have
adjuvant effects in diabetes care (Chaudhury A & Montales MT, 2017; Davies et al,,

2018).

No doubt about the role of diabetes drugs, however adherence to
medications is crucial in many diseases including diabetes. The definition of WHO for
adherence is “the extent to which a person’s behavior-taking medication, following a
diet, and/ or executing lifestyle changes-corresponds with agreed recommendations
from a health care provider” (Sabaté, 2003). Medications tailored to specific diseases
might vary in dosage, time, frequency interval and durations, etc. Although taking
medications as prescribed by health professionals proves benefits, there are several
reports of non-adherence to medications among patients on long term medication in
particular (Brown, Marie T., Bussell, & Jennifer K, 2011). Among factors of non-
adherence reported among diabetes patients are mainly forgetfulness (Kavitha et al.,
2017); being female, elderly, perception on disease severity, longer duration of
diabetes (Elsous, Radwan, Al-Sharif, & Abu Mustafa, 2017), fear of hypoglycemia,
inadequate knowledge about side effects, lack of assistance and alcohol drinkers

(Almaghaslah et al., 2018) are others factors associated with non-adherence.



Uncontrolled diabetes may result from single or combination of factors which
fails to lower blood glucose level. Staying with higher blood glucose level invites
high costs complications warranting proper treatments. According to a study in
Thailand, medium direct and indirect costs per type of patient per year is around 140
US dollar which is higher in patients with complications (Deerochanawong, Ferrario, &
Health, 2013). The longer the duration of diabetes, the higher the costs for diabetes,
the higher risk of complications as well. Common complications of diabetes without
proper control include retinopathy, strokes and hypertension, renal failure and
diabetic foot, due to high blood glucose affecting microvascular and macrovascular
structures. Renal dialysis, blindness and amputations may severely result in further

progress of diabetes (Novo nordisk, 2017).

Currently, in addition to conventional management, mobile applications in
use of advanced technology are rolling out into the fields of health care. Studies on
mobile applications, usage, and effectiveness are in growth in this digital age.
Multiple functionalities in applications can be used for various purposes. Not only
information provision for specific targeted population but monitoring and reminding
functions are available in modern technology. Some mobile applications in place
have exhibited usefulness for not only diabetes control (Drincic, Prahalad,
Greenwood, Klonoff, & Clinics, 2016; Kitsiou, Paré, Jaana, & Gerber, 2017) but also for
weight reduction (Patrick et al., 2014), improving stroke (Rattanayotin & Vanijja, 2018),
better dietary intake, lifestyles improvements (Recio-Rodriguez et al., 2018),
metabolic syndrome (Toro-Ramos et al., 2017), pain management (Jamison, Jurcik,
Edwards, Huang, & Ross, 2017) and drug adherence. Other interventions of health
education (P. Supachaipanichpong, P. Vatanasomboon, S. Tansakul, & P. J. P. R. I. J. o.
N. R. Chumchuen, 2018b) and pharmacist led intervention (Butt, Ali, Bakry, & Mustafa,

2016) also works for adherence improvement. Moreover, a large number of trials are



ongoing to test applications’ effectiveness in diabetes control (Alhazbi, Alkhateeb,
Abdi, Janahi, & Daradkeh, 2012; Alonso-Dominguez et al., 2017). From variety of
applications available free or paid, suitable mobile applications are still to search and
to develop for individual and situational needs. The advantage of applications is that
they are easy in surfing information, handy and real-time monitoring while technical

challenges, costs, maintenance and acceptance are some disadvantages.

In Thailand, diabetes especially type 2 are on the rise, and it is found to be
top five disease in primary health unit as well. A very recent survey on adherence to
prescribed diabetes medications among 1,0 14 diabetes patients at Saimai District
showed 61.5% of the samples had uncontrolled (Junkhaw T, Munisamy M,
Samrongthong R, & Taneepanichskul S, 2019), low adherence of 2 3.7 % with
unintentional non-adherence of 76.3%. As mobile penetration, network coverage,
smart phone ownership and internet usage are high in Bangkok area (NSO Thailand,
2018), more innovative management options such as mobile applications for
diabetes control are in need to develop and investigate. Specifically, mobile
application to remind patients of taking medications correctly and regularly could
enhance better diabetes control among uncontrolled diabetes patients. Hence, the
aim of the study is to evaluate whether mobile application (EASYDM) is effective for
diabetes control focusing on diabetes medication adherence among uncontrolled
type 2 diabetes patients attending primary care units in Bangkok, Thailand, when
apps for diabetes patients for primary care unit setting are limitedly available in
Thailand.  With ( EASYDM) mobile application used, improvement of diabetes
medication adherence is hypothesized. The finding of the study is pertaining to
proper diabetes control among uncontrolled type 2 diabetes patients in Thailand
particularly at PCU. Moreover, the application may be useful in programs, practices

and policy to tackle problems of diabetes.



1.2 Research Question

Dose the mobile application (EASYDM) affect on improving diabetes
medication adherence among uncontrolled diabetes patients in patients in primary

care units in Bangkok, Thailand?

1.3 Objectives
1.3.1. General objective:

To evaluate effectiveness of mobile application (EASYDM) on improving
diabetes medication adherence among uncontrolled diabetes patients in primary

care units in Bangkok, Thailand.

1.3.2. Specific objectives:

(1)To compare baseline (pre-intervention) diabetes medication adherence
scores and HbAlc level between intervention and control groups of uncontrolled

diabetes patients in primary care units in Bangkok, Thailand

(2)To compare diabetes medication adherence scores, HbAlc level at
baseline (pre-intervention) and post intervention between intervention and control

groups of uncontrolled diabetes patients in primary care units in Bangkok, Thailand

(3) To compare diabetes medication adherence scores , HbAlc level at
baseline (pre-intervention) and post intervention within intervention and control

groups of uncontrolled diabetes patients in primary care units in Bangkok, Thailand



1.4 Research Hypothesis

Null Hypothesis: There is no significant difference between intervention
group and control group after implementation of mobile application (EASYDM) on
improving diabetes medication adherence among uncontrolled diabetes patients in

primary care units in Bangkok, Thailand.

Alternative Hypothesis: There is significant difference between intervention
group and control group after implementation of mobile application (EASYDM) on
improving diabetes medication adherence among uncontrolled diabetes patients in

primary care units in Bangkok, Thailand.



1.5 Conceptual Framework

Independent variables

1.Sociodemographic Factors

1.1 Gender

1.2 Age

1.3 Education

1.4 BMI

1.5 Family Status

1.6 Income

1.7 Smoking

1.8 Alcohol drinking
2.Moblie phone usage

2.1 Mobile phone usage frequency

2.2 Mobile phone usage duration
3.Diabetic status

3.1 HbA1c awareness

3.2 Duration of DM

3.3 Comorbidity disease

Dependent variables

Intervention

(EASYDM mobile apps)

Primary outcomes
Diabetes Medication adherence
1.1 Medication adherence scores
1.2 Pill count medication

adherence percentage

Control

(Usual care)

Figure 1: Conceptual framework

Secondary outcome

2.1 HbA1C level




1.6. Operational definitions

Gender refers to Uncontrolled diabetes of both sexes in the registration lists
of a Pattanavej primary care unit (PCU) in Saimai District Bangkok area, Thailand. who
were diagnosed type 2 diabetes and follow up treatment at primary care unit at least

1 year

Age refers to the age of the participants measured in year. In this study will

use the age between 45-65 years old from ID card. (Papier et al., 2016)

Educational refers to the highest level of schooling that the participants
have completed. Education level is classified into no education, primary school,

secondary school, diploma, and bachelor or higher.

Marital status refers to a person’s relationship status in term of whether she

has or has had. A response of single, married, widowed, and divorced/separated

Body Mass Index (BMI) refers to a measure of body weight and the height.
BMI can calculate from weight in kilogram divided by the height in the squared of
meter. The classifications of BMI set by the World Health Organization (WHO) are:
BMI less than 18.5 ke/m2 as underweight, BMI between 18.5to 24.9 kg¢/m2 as healthy
weight, BMI between 25to 29.9 kg/m2 as overweight and obese if BMI equal and

greater than 30 kg/m2.

Income refers to the sum of income of participant in a month as report by

the participants in this study.

Alcohol drinking refers to a person who drinking alcohol more than one

serving daily. One serving is a can of beer, a glass of wine or a shot of hard liquor.



10

Smoking refers to the active smoking behavior of one or more manufactured

or hand rolled tobacco cigarette per day.

Diabetes refers to type 2 diabetes mellitus which is a metabolic disorder
characterized by high blood glucose level of fasting plasma glucose greater than 126
mg/dL (FPG>126 mg/dL), 2-hour plasma glucose test greater than 200 meg/dL (OGTT
>200mg/dL), random plasma glucose greater than 200mg/dL (RPG > 200mg/dL) with
the presence of hyperglycemia signs and symptoms, and HbAlc greater than 6.5 %

(HbAlc > 6.5%) (Chaudhury et al., 2017).

Uncontrolled diabetes is defined that a type 2 diabetic patient who have

HbAlc > 6.5% measured in last 3 months (Novo nordisk, 2017).

Medication adherence score is the scores measured in Morisky Medication
Adherence Score which is defined as low <6/8, medium 6 - < 8/8, high =8/8) (Butt et

al., 2016; Clifford et al., 2014).

Pill counts refer to objective measurement by counting of dosage units that
have been taken between two schedule appointment or clinic visit. This number
would be then comparing with the total number of receive by patient to calculate

the adherence.(Lam & Fresco, 2015a)

Pill. count medication adherence percentage refer to percentage of
adherence calculated from number of Pill absent in time(weeks/months) by number
of pills prescribed for times (weeks/months) multiplied by 100. (quantity dispensed-

quantity remaining device by prescribed number for time.(Brown et al., 2011)
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Adherence is defined as “the extent to which a person’s behavior-taking
medication, following a diet, and/or executing lifestyle changes-corresponds with

agreed recommendations from a health care provider” (Sabaté, 2003).

HbA1lc stands for glycosylated hemoglobin level measured from blood.
HbAlc is considered as gold standard for evaluation of diabetes, and biomarker of
blood glucose controlled. HbAlc levels are Normal: <=5.6%, Prediabetes: 5.7-6.4%,

Diabetes: >=6.5%. (Sandler & McDonnell, 2016)

EASYDM refers to an application as communication channel for Diabetes
health care service , operated on smart phones of Android software, which includes
features such as personal information, information, motivation and behavioral-change
related provisions, records and response functions, all which focus on optimal

diabetes control with emphasis on medication adherence.

Usual Care refer to standardized diabetes care services are provided with the
guidelines of NHSO and ministry of public health, Thailand. (NHSO Thailand, 2019)
educational session , Face to face session, DMAS by community pharmacists and
others primary care unit staff, this routine educational session include individual
health profile (DTX/BMI/BP/Laboratory) and patients’ self-management assessment,

medication revise and personal counseling on the problem

Primary Care Unit (PCU) refers to the first place the people choose for their
medical care is defined as the first holistic healthcare service unit, providing health
promotion, prevention, treatment, and rehabilitation. Where primary care unit
services are provided with the guidelines of NHSO and ministry of public health,

Thailand .(Tangcharoensathien et al., 2013)
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Diabetes Medications includes any medication type of biguanides, sulfonylureas,
thiadolidinediones, meglitinides, DPP-4 inhibitors, SGLT2 inhibitors and GLP-1 agonists
used to treat diabetes mellitus (Bergenstal et al,, 2019; Chaudhury A & Montales MT,

2017; Davies et al., 2018)

Severe cardiac, renal functions, hepatic, cognitive or psychological
impairments mean the diagnosis confirmed by responsible physicians based on local

guidelines in Thailand.



CHAPTER Il

LITERATURE REVIEW

This research was studied “Effectiveness of mobile application (EASYDM) for
diabetes control focusing on diabetes medication adherence among uncontrolled
diabetes patients attending primary care unit in Bangkok, Thailand: a randomized
controlled trial. The objective of study was to evaluate effectiveness of mobile
application ( EASYDM) on improving diabetes medication adherence among
uncontrolled diabetes patients in primary care units in Bangkok, Thailand. Regarding
the study framework, literature reviews, theories, and relevant research to support

this study. The study undertook the literature review of the following:
2.1 Diabetes
2.2 Medication Adherences
2.3. Interventions for Diabetes Control
2.4 Technology in health care
2.5 Diabetes Assist Mobile Application
2.5.1 Role of technology in health care.
2.5.2 Mobile Phone Health Assist Application
2.5.3 Diabetes assist applications on mobile devices

2.6 Study of Medication adherence and Mobile Application Enhancing

Medication adherence
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2.1 Diabetes

Diabetes is a metabolic impairment resulting from insulin insufficiently
produced from our body or ineffectively used by our body. Insulin is a type of
hormone helping sugar enters cells of our body to utilize these sugars as energy. In
the state of lacking insulin, glucose accumulates outside cells rising their
concentrations in the blood streams, which becomes potential to results in health
complications and long-term managements prevails. Although laboratory procedures
and tests are to be used to confirm types of diabetes, diabetes nowadays occur not
only in adults but also in children, which forms global importance (Organization,

2016).

2.1.1. Types of diabetes

Despite complexity in pathogenesis of DM, this disease affects any age
characterized by high blood glucose levels. Type 1 diabetes quite common in
younger age, type 2 diabetes being most of all diabetes in the world and gestational
diabetes developed during pregnancy are major diabetes types (WHO fact sheet).
The disease can be diagnosed by employing criteria of high plasma glucose. They are
fasting plasma glucose greater than 126 meg/dL (FPG>126 mg/dL), 2-hour plasma
glucose test greater than 200 mg/dL (OGTT >200mg/dL), random plasma glucose
greater than 200mg/dL (RPG > 200mg/dL) with the presence of hyperglycemia signs
and symptoms, and hemoglobin Alc greater than 6.5% (HbAlc > 6.5%). As no single
test is superior to each other in identifying diabetes, it is recommended to test
glucose level in all adults of 45 years and older; and tests are also recommended in
asymptotic people having overweight and some additional risks for diabetes

(Chaudhury et al., 2017)
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2.1.2. Prevalence of diabetes

Diabetes cases estimated about 108 million in 1980 have reached to nearly
422 million in adults in 2014, which is reported to increase to 8.5% from 4.7% in
global diabetes prevalence. Moreover, deaths left by diabetes in 2012 is around 1.5
million coupled with extra 2.2 million deaths due to higher blood glucose than
normal level. These deaths are found to happen before 70 years in developed
countries, although the age of deaths of high blood glucose is higher in developing
countries (Organization, 2016). Diabetes with its complications and long-term
treatment requirement can have social and economic loss in large scale. Moreover,
renal failure, heart problems, eye complications amputations can be the

consequences of diabetes (Novo nordisk, 2017).

2.1.3. Diabetes in Thailand

Thailand in demographic transition of aging population expects more aged
people over 60 years will be beyond 20% in the future by 2025. Along with that
expectation, diabetes could be in one in five of people above 60 years when current
Thai population is around 67 million. More specifically, 5.3 million Thai people are
anticipated to have diabetes in 2040. According to the Thai National Health
Examination Surveys, Thai people at age 15 years and above who have diabetes has
risen to 8.9% in 2014 from 6.9% in 2009 (Novo nordisk, 2017). With no actions taken,
more people will develop diabetes later nearly 7.5 million Thai adults are at

prediabetes state today.

The place of communicable diseases causing high morbidity and mortality is
replaced by non-communicable diseases. Currently, over 70% of all deaths in

Thailand are attributable to NCD including diabetes. It was reported that 76,000
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deaths with respect to diabetes occurred in 2016, over 200 deaths happens per day

(Novo nordisk, 2017).

2.1.4. Strategies for Diabetes Control in Thailand

Thailand with higher diabetes patients formulates policies and strategies to
control this disease. In line with the sustainable development goals in 2030, Thailand
has serious commitment to control non-communicable diseases. Under holistic
approach concept, in coordination with NHSO, diabetes care teams are established.
Diabetic clubs are formed so as to share success of self-management of diabetes
control among patients. Diabetes association goes with the mission to provide
related knowledge and encourage innovation for diabetes treatment through

collaborations at all levels (Novo nordisk, 2017).

With the support of the Endocrine Society of Thailand, the project namely
Thailand diabetes registry (TDR) was established by collaborating between the Health
System Research Institute (HSRI) and Clinical Research Cooperation Network (CRCN)
with specific objectives for diabetes problem in Thailand. The aims of this project are
to identify patients’ characteristics and to determine extent of complication among
patients at tertiary level institutions; to promote network of clinical research
involving diabetes experts; and to gather baseline data for further research. In 2003,
9,419 diabetes patients of both types were enrolled to the project. From the
patients enrolled by the participation of eleven hospitals, sociodemographic
characteristics and clinical profiles were collected to assess complications and to
explore risk factors. Moreover, to investigate the causes of deaths among diabetes

patients was another component of this project (Deerochanawong et al., 2013).

Furthermore, collaborations between interest groups were done in Thailand

to address diabetes problem. DiabCare Asia and Inter Asia are examples of
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collaboration to gather patterns of diabetes, ways of management, control status
and complications by diabetes in Asian population.  These international
collaborations include diabetes associations across Asia and collect required data at
intervals (Deerochanawong et al,, 2013). However, existence of structural factors at
primary care level has influenced on health care outcomes of diabetes as evidenced
by a study based on 838 district data. That means, diabetes in particular, that
increased hospitalization for acute diabetes complications due to low health care
facility density, which further flavors increased chronic complications despite wider

coverage of primary care unit services (Komwong, Sriratanaban, & policy, 2018).

2.1.5. Structure and distribution of Primary care units

Thailand is recognized as having extensive coverage of primary care unit
services which is critically essential in universal health coverage. Public health
facilities mainly run under ministry of public health take large portion of health care
delivery. Coordination exists at all levels to ensure aligned health care. Density of
health facilities varies area to area in the country. It is reported that nearly 3 public
health providers are available in 100 km? At primary care level, public health centers
are staffed with registered nurse (4 years of training), and 2 year trained other health
professional. Only 5% of primary health center can be equipped with a general
physician with 6-year training. Noticeably, number of physicians on average was 4.3 in
2014 and 39 in 2015 per 10,000 populations (Komwong et al., 2018).
2.2 Medication Adherences

Adherence is defined by WHO as “ the extent to which the patient follows
medical instructions” . Despite simplicity in writing, the meaning extends further in

[

the presence of “ medical” and “ instructions” word. The term medical can be
insufficient to mean comprehensive range of interventions for all chronic diseases.
Additionally, the term “instructions” seems to mean that patients are placed in the
role of passive recipient, not the active collaborator with the provider (expert).
Therefore, adherence in fact is embedded with several health related behaviors

rather than taking medicines prescribed by physicians (Brown et al., 2011).



18

Health system/
HCT-factors

Social/economic
factors

Condition-related
factors

Therapy-related
factors

Patient-related
factors

Figure 2: Five-dimensions of medication adherence

Source: (Herborg, Ngrgaard, Sorensen, Rossing, & Dam, 2008)

World Health organization mentions adherence in five factors in broad sense.
They are health system related factors e.g. time constraints, lack of coordination
and lack of coordination; condition related factors e.g. severity and rate of disease
progression, disability degree presence and treatment availability; patient related
factors -e.q. patients’ knowledge, attitude, practices, affordability and expectations;
therapy related factors -e.g. treatment regimen involving duration, changes, good-
effects and side-effects, and availability; and socioeconomic related factors- e.g. age,

race war (McGovern et al., 2016; Sabaté, 2003).

Reverse of adherence is non-adherence. Non-adherence can be two types-
intentional which entails as the patient makes an active decision to not take the
medication; and unintentional which states that the patient may forget to take the
medication or not realize he/ she is not taking it as prescribed. Not only non-

adherence at all but poor adherence exhibits delayed progress of diseases.
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2.2.1. Factors of non-adherences

More specifically, several factors are considered in the case of adherence to
medications. They include characteristics of diseases, its treatments and complexity,
age, sex, stressful and depressive conditions, relation built between patients and
their health care providers, patients’ daily life factors and social and economic
supports. Therefore, adherence is involved multifaceted issues, which highlight to
consider several factors embedded in developing interventions (Sapkota, Jo-anne,

Greenfield, & Aslani, 2015)

When interventions are developed for medication adherence, five categories
of interventions are described. Educational interventions are a way of conveying
information via one-to-one or group by using verbal, written, audio-visual, mailed,
and/or telephone, even internet today. Behavioral intervention is a strategy in which
participants’ specific behavior is changed by ways of shaping or reinforcing in order to
have different behavior from unfavorable one to favorable one via skills
development, practical work, behavior model, modifications of package and dosage,
tailoring, rewarding etc. Affective intervention is a form which is based on feelings,
emotions, social relations and support. Activities included are counseling, family
support and home visits. Economic intervention is related to the intervention
performed on cost or prices which has impact on medications. Multifaceted
intervention is a strategy involved several components of strategies mentioned

above (Sabaté, 2003).

Medications adherence plays crucial role in alleviating ailments from diseases.
Medical personnel are in their practice to rationally prescribe drugs and necessary
treatments for patients depending on the diagnosis of disease. Supposing the full

availability of medicine for ailment of somebody, non-adherence to prescribed
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medication is reported. Then, non-adherence to treatments for specific disease may
give rise to unfavorable health outcomes and pay high costs individually and in
health systems as well. A study the CODE -2 study (Cost of Diabetes in Europe - type
2) reported that in only 28% of patients in Europe under diabetes treatment attain
good control in glycemic level. In the United States, less than 2% of diabetes adults
follows full level of care recommended by American Diabetes Association. A study in
Thailand was based at primary care unit of Songlanagarind Hospital to explore
prevalence of under-prescription of diabetes medication and associated factors with
it. The study showed that the prevalence of under prescription among elderly type
2 diabetes was 84.5% , however, having number of medications received increased,
and a status of cardiovascular diseases are found to have lower risk of under

prescription (Ananchaisarp et al., 2018).

2.2.2. Measurement of medication adherence

How medication adherence measured is important in reporting adherence
level. According to a systematic review, existence of gold standard for measuring
medication adherence especially in diabetes is lacking. Greater consistency is still in
need (Drincic et al.,, 2016). Most methods employed for measuring adherence are

subjective method, objective method and biomarkers methods.

In subjective measurement include obtaining information by asking patients,
care providers, family members and family members about the use of medication.
This method is the easiest way to gather medication use. The Morisky Medication
Adherence Scale (MMAS) is mostly employed self-report measure which originally
has only 4-items for using in hypertension, most recently 8-items format was used.
The response is “yes’ or “no” to each question item, all which are summed to form

a range from (0-4 for 4-item MMAS and 0-8 for 8-item MMAS). This wording of MMAS
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can be changeable for the specific diseases. The higher the score, the better the
adherence, nevertheless, non-adherence cut-points are usually less 2 in 4-items

MMAS and 6 in 8-itemns MMAS (Clifford et al., 2014).

Phantipa sak thaong et al (2015), 8 items -MMAs was translate in Thai version
and tested the psychometric properties of adherence scale in Thai diabetes patients.
The study found that 8 items -MMAs has a good test-retest reliability and convergent
validity in Thailand. The 8 items -MMAs had excellent test-retest, reliability was

moderate (Cronbach’s Alpha = 0.61, which is< 0.70).

Q1 — I will ask you few questions about your medication that you were using after Heart Failure

SNO | MMAS-8 Adherence Questions Patients Response

QLI Do )toy so:netxmes forget to take your prescribed [ Yes{0) [ Nof1]
medicines’

Q12 Over the past 2 weeks, were there any days when you did [ Yes(0) T Nof1)

not take your prescribed medicines?

QL3 Have you stopped taking medications because you feel [ Yes{0) [ Nof1]

worse when you took it?

Q1 4 \\‘pm you travel or leave home, do you sometimes forget to [ Yes(0) [ Nof1)
bring along your meds?

Q1_5 | Did you take your prescribed medicine yesterday? [ Yes[0) ] No[1)
When you feel like your health is under control, do you
1_6 5 o e Yes[0 No[1
QL. sometime stop taking your meds? O Yest0) O Nor1)

Do you feel hassled about sticking to your prescribed

7 :
QL treatment plan? O Yes(0) [ Nol1)
] Never/rarely(1]
; . [[] Once in a while[0]
How often do you have difficulty remembering to take all 5
Q18| et miediied [[] Sometimes[0]
vour prescribed medicine? [ Usually[0]
[C] All the time[0]

Total Score

Figure 3: Morisky Medication Adherence Scale
Source: (Michael C Sokol, Kimberly A McGuigan, Robert R Verbrugge, & Robert S
Epstein, 2005)
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In objective measurement includes assessment of pills count, refill-records,
and electronic monitoring system. Adherence is calculated by the following formula

(Brown et al., 2011).

No. of Pills Absent in Time X
No. of Pills Prescribed for Time X

x 100 >80%

In biomedical measurement include blood or urine from which nontoxic
makers or serum drug level is checked to investicate medication adherence.
Combination of these measures is currently in practice for its greater information
about medication adherence although cost is a concern (Brown et al,, 2011; Chen,

Gemming, Hanning, Allman-Farinelli, & counseling, 2018).

2.2.3 Pill count theory

Pill counts are one of the most common measures used for medication
adherence because of the uncomplicatedness of the measure and the inexpensive. It
is objective measure counts the number of dosage units that have been taken
between two scheduled appointments or clinic visits. This number would then be
compared with the total number of units received by the patient to calculate the

adherence. Pill count separates into announced and unannounced pill counts

Pill count is one of indirect medication adherence measurement. It is
objective measure counts the number of dosage units that have been taken
between two scheduled appointments or clinic visits. This number would then be
compared with the total number of units received by the patient to calculate the

adherence. Pill count separates into announced and unannounced pill counts

Unannounced pill counts, patient will be informed that pill count could
occur any time in home visits over therapeutic period without appointment or

random pill count on scheduled appointments or clinic visits. Seth C. Kalichman et al
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(2015) study on monitoring medication adherence by unannounced pill counts
conducted by telephone. HIV-positive men and women (N = 89) in Atlanta, Georgia,
completed a telephone-based unannounced pill count and provided
contemporaneous blood specimens to obtain viral loads; 68 participants also
received an immediate second pill count conducted during an unannounced home
visit.  The study found high degree of concordance was observed between the
number of pills counted on the telephone and in the home and percent of pills
taken). Adherence obtained by the telephone count and home count reached 92%
agreement (Kappa coefficient = .94). Adherence determined by telephone-based pill
counts also corresponded with patient viral load, providing evidence for criterion-
related validity. Unannounced telephone-based pill counts offer a feasible objective

method for monitoring medication adherence.(C Kalichman et al., 2008)

Announced pill count is simply and portable medication adherence
measurement tool on chronic disease care. The patient will be told to take their
medication back to physically count at their appointment visit. Lee JY et al (1996)
study on assessing medication adherence by pill count and electronic monitoring in
the African American study of kidney disease and hypertension. Two medication
adherence measurement tools, The Medication Event Monitoring System (MEMS), an
electronic monitor which records the date and time of bottle cap openings, and pill
counts were used to assess patterns of adherence for the primary antihypertensive
drug in the African American study of kidney disease and hypertension. There were
participants, 91 had MEMS recordings and pill counts for 313 regularly scheduled
monthly follow-up visits. The average length of follow-up was 4.6 months. An
acceptable level of adherence by pill count was achieved if 80% to 100% of the
prescribed pills were not returned to the clinic. Adherence by MEMS to a once-a-day

drug dosing schedule was acceptable if 80% of the time intervals between MEMS



24

openings were within 24 +/- 6 h. Acceptable adherence by pill count was observed
at 68% of the follow-up visits; MEMS indicated nonadherence at 47% of those visits.
Blood pressure was within goal in 50% of the participants who were adherent by
both pill count and MEMS throughout their follow-up visits, and only 14% of the
participants who were identified nonadherent by one or both methods. These
findings suggest that electronic monitoring is a useful adjunct to pill counts in
assessing adherence to antihypertensive drugs. Feedback of electronically collected
information on dosing intervals to participants and staff may enhance adherence.(Lee

et al., 1996)

2.2.4 Pill Medication Adherence

Adherence to pill medication in Diabetes regimens can be affected influenced
by the number of pills and doses per day, the length of treatment, the taste of the
medication, the side effects associated with the drug, and the effectiveness of the
medication (Alexander Rowland, 2010). The difficulty of the regimen prescribed has
been shown to be related to the decrease in medication adherence. For example, a
simplified regime of one pill with multiple actions has higher adherence rates than a
regsimen of multiple pills with single actions. Moreover, among all ages of diagnosis,
once or twice per day dose regimen has been found to be significantly with higher
adherence rates than three or four doses per day. Worldwide, the medication
adherence rate for patients with diabetes varies between 36% and 93% (Kassahun,
Gashe, Mulisa, & Rike, 2016). Adherence to prescribed medication is crucial for
attaining metabolic control, and nonadherence with blood glucose lowering and lipid
lowering drugs is associated with higher HbAlc and cholesterol levels, respectively.

Additionally, adherence to medication regimens is known to decrease over time.


https://www.sciencedirect.com/topics/medicine-and-dentistry/metabolic-regulation
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypolipidemic-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypolipidemic-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/hemoglobin-a1c
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Therefore, long-term regimens require adherence monitoring and patient follow-up

to ensure medication adherence.

People with uncontrolled type 2 diabetes treated by oral medication and
history of non-adherence to medication were assigned to an intervention group
(n=39) and a comparison group (n=37). The intervention group received medication
education intervention four times consisting of a short individual education session
provided by the physician and group counseling session provided by a nurse in a
diabetes clinic at weeks 1 and 3, then individual follow-up telephone counseling by
a nurse at weeks 6 and 9. The comparison group received patient education as
routine service. Outcome variables including knowledge of medication use, beliefs
and adherence, and blood glucose level were assessed at weeks 1 and 12, using an

interview questionnaire and laboratory test of HbAlc values.

Nonadherence with medication in patients with diabetes resulted in poor
glycemic control and, hence, an increased risk of developing chronic complications,
such as diabetic neuropathy. So, medication adherence is necessary for the effective
management of diabetes and its complications the present study is one of a number
of worldwide studies that show the significant relationship between medication

adherence and diabetic peripheral neuropathy.

Although, pill counts have been found to over-estimate medication
adherence. Some patients, knowing the purpose of the pill count is to measure their
adherence, will purposely not return the pills for counting or will dump pills out of
the bottle to make it look like they were taking the medication. Pill counts are also
insufficient for identifying the nature of an adherence problem, they can only

provide a percentage of total consumption.
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2.3. Interventions for Diabetes Control

Management of diabetes is multifaceted in terms of discipline. Apart from
medication, other discipline of monitoring blood glucose, diet and exercise are
integral in proper care of diabetes. Multicomponent interventions essentially
outweigh any other single interventions. Other interventions in place are through
nurses, pharmacists, community health workers, peer supporter and physicians.
Conventional ways are education program provided by health care provider such as
nurses, pharmacist and doctors; use of records and notes are involved in monitoring

medication use by patients (Sapkota et al., 2015) .

2.4 Technology in health care

The technology has significantly transformed traditional services to modern
means of services including in health care services. Telemedicine, telecare,
telehealth, mHealth, digital health and eHealth are different types of terms
collectively known as technology-enabled care (El-Gayar, Timsina, Nawar, & Eid,
2013) This development becomes an integral part of solution to today’s health care.
Mobile phones, software and hardware are connectively used in providing effective
and efficient health services. Through this technology, those owing smartphones can
be encouraged or advised to follow information in support of good health and
behavior. Mobile phones play important role in daily activities where mobile health
becomes very fundamental interaction between health providers and clients. Various
applications for hypertension, weight reduction, stroke management and diabetes are
in the field of medical care. Supportive property of technology in today world
including in the field of health care is enormous. Particularly in adherence to
medication, monitoring technology is proposed and they are based on different

functions with the sole aim to improve adherence (Chen et al,, 2018). Basically,
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devices for monitoring medication intake activities are based on sensor system,

proximity-based system, vision-based system and fusion-based system.

Mobile phone applications (Mosa, Yoo, Sheets, & making, 2012) are
abundantly developed and used nowadays for various intentions in the medical
industry. These applications are tended to be effective in several disease conditions
such as stroke, weight reduction, metabolic syndrome, coronary heart syndrome.
Favorable usability is a key factor and Web-based system, or computer-based system
is tended to be preferred choice. Through mobile applications use, not only self-

efficacy but also healthy habits are improved. Moreover,
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Figure 4: Mobile applications systems types

Source: (Liang, 2011)

Several studies including individual study and systematic reviews and meta-
analysis have shown that technology-based interventions are favorably effective in
outcomes such as reducing HbAlc level. Interventions include text messaging

(Ramachandran Ambady et al., 2013), applications (Bonoto et al., 2017; Covolo et al,,
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2017), mobile phone intervention (Liang et al., 2011b). However, questions are still
open to privacy challenges, wider and sustainable utilization, efficacy and
acceptance while surge of mobile health remains greater driven by not only market

but also advances in technology (Istepanian & Endocrinology, 2015).
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Therefore, health care providers should evaluate normative beliefs that the
patients have through their medication before providing health education in order to

promote medication adherence on chronic disease patients.

2.5 Diabetes Assist Mobile Application

2.5.1 Role of technology in health care.

Through the complexity, lots of damage and increasing medical errors of the
old traditional paper medical record, the Digitalization of Health Records is new
coming in replacing paper records has been a game changer for many allied
healthcare professionals. Medical assistants, medical records and health information
technicians, medical billing and coding professionals, and registered nurses are just
some of the allied healthcare roles impacted by this implementation. Health care
providers and technicians are now responsible for inputting patient data such as vital
signs, weight, test results, etc. into a central, digitized system. On the administration
side of things, medical billers and coders use for scheduling appointments, updating
patient records with diagnostic codes, and submitting medical claims. Among the
many benefits health technology has brought to healthcare include enhancing
patient care, electronic health record can automatically alert the treating physician
to potential issues, such as allergies or intolerances to certain medicines. Electronic
health record can be accessed in any medical facility, which is extremely useful for
doctors to access their medical history. This is especially important if the patient is
unconscious. Furthermore, electronic health record provides invaluable data to
clinical researchers, which advances medical knowledge and the development of
new treatments for common health problems. Additionally, a central and

standardized system throughout the entire healthcare industry can identify a viral or
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bacterial infection quickly. This can give insights into how widespread an outbreak is,
enabling preventative measures to be put in place much more quickly and also
lower health care cost directly and indirectly. Electronic health records are big data,
the enormous amounts of data collected from a variety of sources, that are then
processed and used for analytics. As an industry dealing with the public, healthcare
naturally collects and stores huge amounts of data. When analyzed by data experts,
this information has multiple benefits such as reducing healthcare costs, predicting
epidemics, avoiding preventable deaths, improving quality of life, reducing healthcare
wastage, improving efficiency and quality of care and enveloping new drugs and

treatments.

2.5.2 Mobile Phone Health Assist Application

The number of smartphone users in Thailand rise from approximately 14.4
million in 2013 to 22.48 in 2016. In 2017, the number of smartphone users is
estimated reach to 24.14 million and 2.3 billion users of smartphone users worldwide
(Puriwat & Tripopsakul, 2017) Smartphone use to be very expensive device in last
decade but not for today, simply and easily accessible smartphone could be bought
at convenience store and cost only 200 bath in Thailand. Almost all primary care unit
clients own a mobile phone, and even more are connected online. As with any
industry, healthcare has needed to transform its communication processes to
connect with people wherever they are. Information and communication technology
link healthcare professionals together, as well as healthcare professionals with
patients. These powerful instruments are all currently being used to share
information but also under investigated on health care in many dimensions:

diagnostics, management, counseling, education, and support.
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There’ s an application for almost everything these days, and healthcare
application are constantly being developed for both healthcare professionals and
patient use. In fact, healthcare apps are one of the fastest-growing markets in mobile
application development. There are approximately 100,000 health apps currently
available, and 300 thousand paid apps are downloaded every day .(Kitsiou, Pare,
Jaana, & Gerber, 2017) Mobile health application gives professionals, administrators,
and patients greater flexibility. They are an inexpensive way for facilities to provide

more high-quality services, and at the same time, are cheaper for patients to access.

2.5.3 Diabetes assist applications on mobile devices

Managing patients with chronic diseases is challenging as diabetic patients
require knowledge and skills in understanding the needs of medical care, and thus
diabetes self-management is crucial, as part of a patient’s commitment to preventing
disease complications. Diabetes assist mobile application has been shown that
diabetes self-care can be improved with mobile phone interventions since they offer
great potential to support therapy management, to increase therapy adherence, and
to prevent disease complications. Valuable features of mobile apps have been
identified: simple to use, able to provide specific instructions for better disease
management, and able to share data with other individuals. Diabetes self-
management mobile apps that are designed and developed to manage diabetes may
support self-management in diabetes. There are various free or paid apps for
diabetes yet their use by patients necessitates supervision as the health benefits of
mobile apps in managing diabetic conditions are unknown. Thus, the use of mobile
medical apps which can assist diabetes mellitus management is limited .(Huckvale,
Morrison, Ouyang, Ghaghda, & Car, 2015) Although there are many mobile

applications in the market, some are contents and features systemic evaluated for
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diabetes mellitus self-management but almost all application use with other
expensive and complicated diabetes self-management tools like blood glucose self-
monitor, less emphasized on diabetes drug adherence issue for diabetes
management and no connectivity cannel between health care provider and diabetes

patients.

2.6 Study of Medication adherence and Mobile Application Enhancing

Medication adherence

Pinthong Puengdokmai et al (2013) To investigate the influence of illness
perceptions and medication beliefs on medication adherence in hypertensive
patients without complications. The participants were 85 primary hypertensive
patients who aged over 18 years who attend PCU in Bangkok. They were recruited by
convenience sampling and research instruments were the Brief-lllness Perception
Questionnaire (Brief-IPQ), the Belief about Medicine Questionnaire (BMQ), and the
8-item Morisky Medication Adherence Scale (8-item: MMAS). The data were analyzed
by using descriptive statistics and multiple regression analysis. The study outcome
shows that the level of medication adherence in the patients was rather low and
multiple regression analysis inform that the independent variables could explain the
variance of medication adherence in hypertensive patients without complications by
17.2% (R2=.172, p<.01). Concern about medication was the most important variable
that had an influence on medication adherence (B:—.374; p<.01) (Puengdokmai,

2013)

P. Chaimol et al (2016) study on effects of education by pharmacists
supplemented with pictograms on the use of medications in DM patients. The study
aims to evaluate the impact of education by pharmacists supplemented with

pictograms of instruction for drug use on clinical outcomes, adherence to
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medications and knowledge in DM patients. The randomized controlled trial was
implemented to investigate. Subjects were 145 type 2 DM patients attending two
primary care units in Trang province. The patients were randomly allocated to the
study group (n=72) and the control group (n=73). The study group received
knowledge about DM and pictograms of instruction on drug use from a pharmacist
every 8-13 weeks for a total of 4 times. The control group received usual care. The
study period was approximately 10 months. The results found that, the study group
had significantly lower glycated hemoglobin (HbAlc) and fasting plasma glucose (FPG)
levels than the control group (HbAlc =7.88+1.29% vs 8.55 +1.32% respectively;
P=0.002 and FPG=133.81+25.42 mg/dl vs 149.71+26.11 mg/dl respectively; P<0.001).
In the study group, blood pressure levels at the end of the study were significantly
lower than those at the beginning of the study (P<0.05), but they were not different
from those in the control group (P>0.05). Lipid profiles between both groups were
not different (P>0.05). Medication adherence scores and DM knowledge scores in the
study group were significantly higher than control group (medication adherence
scores from pill count=90.78+4.92 vs 88.85+5.91 respectively (full score=100);
P=0.034 and diabetes knowledge scores=12.15+1.12 vs 10.26+1.85 respectively (full
score=13), P<0.001). From the study, they can conclude patient education by
pharmacists supplemented with pictograms of instruction on drug use improved
glycemic control, medication adherence and DM  knowledge in the patients

(Chaimol, Lerkiatbundit, & Saengcharoen, 2016.)

P. Supachaipanichpong et al (2018) conducted a quasi-experimental two-
group pre-/post-test design quantitative research study in order to investigate on
medication adherence crucialness to achieving DM control. The study aimed to
evaluate the effects of a medication education intervention integrated in routine

services of a DM clinic. The quasi experimental were studied within uncontrolled
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type 2 DM treated by oral medication and history of non-adherence to medication
were assigned to an experimental group (n=39) and control group(n=37). Medication
education intervention was implemented in experimental group 4 times; the
intervention includes short individual education session provided by the physician
and group counseling session provided by a nurse in a DM clinic at 1°' and 3" weeks,
then individual follow-up telephone counseling by a nurse at 6" and 9" weeks. The
control group received patient education as routine service. The data were
determined at 1% and 2" weeks; Knowledge of medication use, beliefs and
adherence, were collected by interview questionnaire and blood glucose level were
collected by HbAlc laboratory test. The study found that the experimental group
significantly improved their knowledge of medication use, medication beliefs and
medication adherence than the control group. In addition, HbAlc in the experimental
group decreased more significantly than the control group. The study result signify
that accommodated medication education intervention could improve the patients’
medication adherence.(P. Supachaipanichpong, P. Vatanasomboon, S. Tansakul, & P.

Chumchuen, 2018a)

S. Nakhornriab et al (2017) study on the effectiveness of mobile application
on medication adherence in stoke patients. The aims were to study the effects of a
mobile application on medication adherence in stroke patients. The samples were 56
patients with stroke, aged 18 years and above who followed up at one University
Hospital in Bangkok. Block random assignment was used to assign the sample into
the experimental group (N = 28) and the control group (N = 28). The experimental
group received regular nursing care, the medication handbook for patients with
stroke and was given the mobile application with reminder, medication information,
stroke symptoms, medication taken record system and interconnection data system

with the researcher. The control group received regular nursing care and the
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medication handbook for patients with stroke. Data were collected using personal
data questionnaire and medication adherence report scale (MARS5) which obtained
Cronbach’s Alpha Coefficient at .81 and were analyzed by Mann-Whitney U Test. The
study result revealed that medication adherence among the experimental group was
statistically significantly higher than the control group (p < .05). Mobile application
can improve patient adherence to medication 42.85%. The finding of this study
confirms the effectiveness of mobile application to increase medication adherence in
stroke patients. The mobile application should be further developed in other
operating systems to be more appropriately used by stroke patients.(Nakhornriab,

Wattanakitkrileart, Charoenkitkarn, Chotikanuchit, & Vanijja, 2017)

N. Taibanguay et al (2019) study on effect of patient education on medication
adherence of patients with rheumatoid arthritis: a randomized controlled trial. The
purpose of this study. There is a general understanding that patient educational
interventions for enhancing medication adherence are important. However, their
success at improving adherence is debatable. This study aimed to assess the
influence of different modes of patient education on medication adherence in
patients with rheumatoid arthritis (RA). One hundred and twenty RA patients with
non-adherence, defined as pill count =80% or medication-taking behavior
questionnaire for Thai patient =23, were randomized by block randomization and
assigned in a 1:1 allocation ratio to two study arms: multi-component intervention
group or single intervention group. The multi-component intervention group received
30-minute directed counseling and a disease information pamphlet. The single
intervention group received only a disease information pamphlet. The primary
outcomes were an improvement in an adherence rate measured by pill count after
12 weeks. The Thai Clinical Trial Registry number is TCTR20171207003. After 12

weeks, the pill count medication adherence percentage rate increased significantly
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from baseline in both study groups. In the multi-component intervention group,
adherence rate increased from 92.21+14.05 to 97.59+10.07 (P=0.002) and in the
single intervention group, it increased from 88.60+19.66 to 92.42+14.27 (P=0.044).
However, the mean difference between the multi-component intervention group and
the single intervention group was not significant (5.38+12.90 vs 3.18+14.23, P=0.531).
Clinical outcomes, including disease activity score 28, EuroQol-5D, EuroQol visual
analog scale, pain score, and physician global assessment were unchanged from
baseline in both groups. Patient education significantly improved adherence.
However, there were no differences between single education intervention and
multi-component education intervention in improving medication adherence.
Provision of a disease information pamphlet with or without directed counseling can
equally enhance medication adherence of patients with Rheumatoid Arthritis

(Taibanguay, Chaiamnuay, Asavatanabodee, & Narongroeknawin, 2019)

W. Muangpaisan et al (2014) study on medication nonadherence in elderly
patients in a thai geriatric clinic. The study aims to investigate the extent, causes, and
contributing factors of medication nonadherence in older patients in a geriatric clinic.
The study conducted a cross-sectional study at Siriraj Hospital, a university teaching
hospital in Bangkok and assessed baseline demographic data, comorbid diseases,
Thai Mental State Examination (TMSE), functional status (basic and basic activities of
daily living), type and number of medications used, and medication adherence.
Results: There were 153 participants in this study. Medication nonadherence, in the
administration of prescribed drugs only, was found in 34% of the participants.
Nonadherence to administration of prescribed drugs and to the advice regarding
over-the-counter drugs was 42.5%. Nonadherence to the administration of prescribed
drugs and to the advice regarding over-the-counter drugs, and herbal and dietary

supplements was 54.9%. 3 most common causes of medication nonadherence were
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misunderstanding or lack of the knowledge (25.6%), the development of adverse
drug events (18.9%), and because of a suggestion by a friend or family member
(16.2%). Medication nonadherence is common in elderly Thais attending geriatric
clinics. The study found that clinicians should be aware of this problem and develop
a system to improve medication adherence. The clarification of reasons for
prescribing is crucial. (Muangpaisan, Pisalsalakij, Intalapaporn, & Chatthanawaree,

2014)

(3

Amar F. El-Gayar et al’ s study “ mobile applications for diabetes self-
management: status and potential” (2013) review covers commercial applications
available on the Apple App Store (as a representative of commercially available
applications) and articles published in relevant databases covering a period from
January 1995 to August 2012. The review included all applications supporting any
diabetes self-management task where the patient is the primary actor. Available
applications support self-management tasks such as physical exercise, insulin dosage
or medication, blood glucose testing, and diet. Other support tasks considered
include decision support, notification/alert, tagging of input data, and integration with

social media. The review points to the potential for mobile applications to have a

positive impact on diabetes self-management. (El-Gayar et al., 2013)

Eirik Arsand et al’s study “ Mobile Phone-Based Self-Management Tools for
Type 2 DM: The Few Touch Application”. The study found that mobile phone can be
designed for supporting lifestyle changes among people with type 2 DM. A mobile
phone-based system called the Few Touch application was developed. The system
includes an off-the-shelf blood glucose (BG) meter, a tailor-made step counter, and
software for recording food habits and providing feedback on how users perform in
relation to their own personal goals. User feedback from the 6-month user

intervention demonstrated good usability of the tested system, and several of the



38

participants adjusted their medication, food habits, and/ or physical activity. Few
Touch application challenges people with type 2 DM to think about how they can
improve their health, providing them with a way to capture and analyze relevant
personal information about their disease. The half-year user intervention
demonstrated that the system had a motivational effect on the users. (Arsand,

Tatara, @stengen, & Hartvigsen, 2010)

F. Liang 2011,15 Liu 2012: Two meta-analyses investigated the effect of
mobile phone interventions on glycosylated haemoglobin (HbAlc ) levels and
provided a strong evidence of significant improvements in glycaemic control,
specifically for patients with type 2 DM.However, the result of those reviews is based
on heterogeneous set of studies, and they did not distinguish between the different
types of mobile interventions; for instance, SMS, apps, mobile phone calls, games,
and emails; in their calculation of the overall effect size, in addition to the small

sample size in most included trials.(Liang et al., 2011a)

G. Holtz 2012:17 A systematic review of the potential role of mobile phones
in supporting DM patients at a clinical level showed positive effects on glycated
haemoglobin (HbAlc) levels, self-efficacy, and self-management behaviors. The
review concluded that only 19% of the studies examined the use of mobile phones
from the perspective of healthcare providers. Another reported issue is that most
trials did not report the power calculations; which in turn will limit the

generalizability of their results to other populations.(Holtz & Lauckner, 2012)

H. Baron 2012:18 Comparison across studies, effect of mobile monitoring on
glycosylated haemoglobin and concluded that was not possible due to study
variability and notable methodological flaws in most studies. A systematic review

assessed the clinical on mobile solutions for blood sugar monitoring is inconclusive
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in adult population with typel or type 2 DM. However, this review was restricted to
remote monitoring aspect where patient transmit blood glucose readings to care
provider through mobile device and receive feedback.(Baron, McBain, & Newman,

2012)

l. Frazetta 2012:19 The most recent review was centered exclusively on the
use of smartphone applications for self-management of patients with type 2 DM. It
primarily investigated the effect on glycaemic control and found seven studies; with
four had a positive effect on glycaemic control. The review has identified some
technical difficulties and usability issues and suggested that further research is
needed. However, the evidence of this review was debatable due to some
methodological weakness as they did not attempt to assess the quality of included
trials which limited the reliability of their conclusion.(Frazetta, Willet, & Fairchild,

2012)
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METHODOLOGY

The study was design to evaluate the effectiveness of mobile application
EASYDM on diabetes control focusing on diabetes medication adherence among
uncontrolled type 2 diabetes patients and it was a two-arms randomized controlled
trial (Castensge-Seidenfaden et al., 2018). Participants were eligible diabetes patients
who had higher HbAlc attending primary care units (PCU) in Bangkok area. Computer
based randomization conducted by statistician will form intervention group EASYDM
and control group (no EASYDM) in equal ratio (1:1) from total 186 participants. Mobile
application (EASYDM) apps compatible in smart phones with android software was
featured in both Thai and Ensglish language and designed to provide necessary
information to control diabetes of which contents were validated by experts.

The duration of the trial was 3 months during which, at baseline ,1 ** month,
2" month and 3 months, primary outcomes of medication adherence scores
measured in Morisky Medication Adherence Scores and Pill Count Medication
Adherence Percentage at baseline,1t month, 2" month and 3 month and
secondary outcome was HbAlc level, a key marker for optimal diabetes control, was
collected at the base line and 3™ month to compare between- and within-group
differences.

This study protocol was approved by The Research Ethics Review Committee
for Research Involving Human Research Participants, Health Sciences Group,
Chulalongkorn University (RECCU) (COA No. 094.2/62). Both oral and written informed
consents were taken from the participants allowing freedom to leave the trial

anytime they wish. This Trial was also registered with Thai Trial Registration No.
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(TCTR20190509002). There was no loss to follow-up and no serious side-effects
reported during the trial period.

3.1 Study design

Randomized controlled trial (RCT) was the designed to the study for ensuring
the maximal effectiveness of the mobile application, EASYDM, on whether it can
improve diabetes medication adherence among uncontrolled diabetes patients. The
study design advantaged on equal distribution of known or unknown factors in both
groups from randomization, which eliminates selection bias and helped to minimize

influencing effects of these factors on the effect of intervention EASYDM.

3.2 Study Duration

The trial was conducted from August to December 2019.

3.3 Study Area

The study was operated at Primary care unit (PCU) in Saimai District Bangkok,
Thailand. This Primary care units (PCU) holds nearly 1,000 uncontrolled diabetes
patients on oral medication. The Saimai district, the district that had highest
population of all 50 districts in 2015 although it is the new district of Bangkok that
separated from Bangken district, Bangkok, Thailand. In this new developing area of
Bangkok, various of socioeconomic status were shown and it could be used to

determine the picture of whole population of Bangkok.
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Study Areas
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Figure 7: Bangkok Metropolitan Administration Area

Source :(Statistic Profile, 2016)

3.4 Study Population

Uncontrolled diabetes of both sexes in the registration lists of a Pattanavej

primary care unit (PCU) in Saimai District Bangkok area, Thailand.



3.4.1 Inclusion and exclusion criteria

Participants with inclusion criteria of following was recruited.

Table 1: Inclusion and exclusion criteria for participants selection

43

Inclusion criteria

exclusion criteria

(1) Primary care unit patients who were
diagnosed type 2 diabetes and follow up

treatment at primary care unit at least 1 year

(1) Uncontrolled diabetes patients
who were diagnosed cardiac disease
impaired renal functions, hepatic
diseases, cognitive or psychological

impairments (Bergenstal et al., 2019)

(2) Uncontrolled diabetes patients whose

age between 45-65 years (Papier et al., 2016)

(2) Those on current insulin injection,
impaired glucose tolerance, metabolic
syndrome, maturity onset diabetes of

youth, and gestational diabetes.

(3) Uncontrolled diabetes patients whose
HbAlc level > 7 % at last assessment within
3 months (Castensge-Seidenfaden et al.,,

2018)

(3) Uncontrolled diabetes patients

who cannot give verbal consent to
the

participate in study  were

excluded.

(4) Uncontrolled diabetes patients whose
Morisky Medication Adherence Score less
than 6 (Butt et al., 2016) (diabetes patients
were evaluated their medication adherence
via MMAS once a year by primary care unit

pharmacist)

(5) Having smart phones with Android

software compatible with EASYDM apps

(Ristau, Yang, & White, 2013)
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Inclusion criteria exclusion criteria

(6) Offering consent and agreed to

participate

3.5 Sample Size Calculation

In order to detect difference significantly , based on the work of Nittaya
Papsamut, 2002, medication adherence scores differences of 5.93 in intervention
group and 4.63 in control group are used to calculate sample size by repeated
measure ANOVA statistics because medication adherence is monthly measured 4
times during first month 3 of the study. Final total sample size results in 14 with 7

participants per group, setting power of 80 and alpha is 0.5.

HbAlc level of 7% is equal to 53 mmol/mol and 6.5% is 48 mmol/ mol.
Anticipating 10% reduction in HbAlc which equals to reduction from 7% to 6.5%,
sample size is estimated on HbAlc level of detecting difference of 5.3 mmol/ mol
between intervention and control groups (i.e. 53-47.7= 5.3 mmol/ mol) with 80%
power at 5% significance level of 2-tail significance test, 74 participants per group are
required. For attrition of 25% expected, final sample size results in 93 participants
per group totaling of 186 participants (Castensge-Seidenfaden et al., 2018). Therefore,

larger samples size of 93 participants per group will be chosen for this study.
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3.6 Sampling Technique

3.6.1 Participant recruitment

In this study, the study population were uncontrolled diabetes patients at
primary care unit in Saimai district, Bangkok were chosen though the Inclusion and
exclusion criteria. After screening for eligibility, further details of the study were
explained. The Participants were signed the informed consent before starting the
study. Randomization was done by using a computer-generated random number Llist.
This study was conducted before and after implementation intervention. After

enrollment, participant was randomly assigned to the intervention group and control

group.
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3.7 Recruitment and Randomization

In this study, randomize control trail was used to achieve between-group
comparability. Randomization of eligible participants was conducted by a statistician
by computer generated random number. Equal number of participants was allocated

to intervention EASYDM and control (usual care) groups.

3.7.1 Recruitment process

Eligible individuals both sexes who were diagnosed type 2 diabetics and
follow up treatment at primary care unit at least 1 year, age between 45-65 year,
HbAlc level > 7 % at last assessment within 3 months, Morisky Medication
Adherence Score less than 6 and having smart phones with android software
compatible with EASYDM application. Exclusion criteria were as follows: Uncontrolled
diabetes patients who were diagnosed cardiac disease, impaired renal functions,
hepatic diseases, cognitive or psychological impairments, insulin injection, impaired
glucose tolerance, metabolic syndrome, maturity onset diabetes of youth, and
gestational diabetes and uncontrolled diabetes patients who cannot give verbal

consent to participate.

The screening process was a two-step approach. First, the researcher who
were family practitioner in Pattanavej primary care unit in Saimai district, Bangkok
who could gain access to the database consisting of the health examination results
of diabetes patients covered by Pattanavej primary care unit. There were 375
diabetes patients who meet criteria then these 375 diabetes patients will be
randomized assigned to the intervention group and control group by

computerization method.

This study randomization was done by using a computer- generated random

before start 188 and 187 diabetes patient groups will be listed their name, HN and
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their next appointment date at primary care unit then trained research assistants
approached them on their appointment date and asked to participate in the study.
Trained research assistants continue approached and asked diabetes per group
Second, after this initial screening, there were 186 diabetes patients sampling to be
the participants. One group will be assigned to be control group and the other will

be assigned to be intervention group. All of these would be coded as 001-186.

[ Enrollment ] Assessed for eligibility (n= 375)

v Eligible =361
. Ineligible= 14
peseln f\fggiurement —» | + Did not complete from (n=8)
(n= ) + Declined to participate (n=3)
l + Other reasons (n=3)

Randomized (n=186) »| Postrandomly selects by
computer exclusion (n=175)

[ Randomized Allocation ]
v v
Allocated to Intervention group (n=93) Allocated to control group (n=93)
+ Received allocated EASYDM (n=93 ) + Received allocated usual care (n=93 )
« Did not receive allocated EASYDM (n=0) + Did not receive allocated usual care (n=0
v [ 1°* month ] v
. S
Lost to follow-up (n= 0) Lost to follow-up {n= 0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
v [ 2" month ] h 4
Lost to follow-up (n= 0) Lost to follow-up (n= 0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
1 ( 3™ month ] 4
Analysed (n=93) L (ITT analysis ) Analysed (n= 93)
+ Excluded from analysis (n= 93) + Excluded from analysis (n=0)

Figure 10: CONSORT diagram of the progress through the phases of randomized
trial of two groups. (Include of enrollment, intervention allocation, follow-up,

and data analysis).



3.8 Study procedure, Planning and Collecting data

A literature review study
- Medication adherence: Situation and create a framework question

- Heath mobile application: Mebile application developing process, medication

adherence enhancing application
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Figure 11: Flow chart showing the study process.
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3.8.1 Phase 1 Pre - Intervention:
Step 1: Research assistants training

Research assistants were drawn from primary care unit staff who work in
Pattanavej Primary care unit at least 1 year. 8 research assistants were 2 chronic
disease management practice nurse, 1 clinical pharmacist and 5 public health
officers. Chronic disease management practice nurses had a qualified of professional
nurse who certificated in chronic disease management course (the course that
include chronic disease counselling and skill coaching for diabetes). Clinical
pharmacist who experienced on using Morisky Medication Adherence Score
questionnaire. All public health officers had certificated in chronic disease
counselling and health behavior modification program. 1 of 4 public health officer
was trained on electronic health data and connectivity management from National
Health Security Office (NHSO Thailand) and experienced in mobile application
development. Because the application was two-way communication application, it’s
crucially that research assistants should be trained before the intervention
implementation. Research assistants would be trained twice by the researcher on
one day training session in, 1 trained session before sample recruitment and 2™
trained session after EASYDM prototype finish. The training emphasizes on generating
clarified and simple interpersonal communication skill to research assistants in order
to support two-way communication(staff-patients) through EASYDM application and
management skill to support diabetes patient medication adherence in 1 trained
session and EASYDM application detail and operation in 2™ trained session. Training

methods include lecture, power point Presentation and role play.
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Session 1
1°" trained session before sample recruitment. In this session, the research
assistants would be trained and informed about
1) Research procedure: objective, data collecting and intervention
2) Data collecting training on MMAS Questionnaire and pill count
medication percentage
3) Sample recruitment criteria and sampling. All research assistants would
be trained on participants’ voluntariness assessment and emphasized on
nonbiased participant selection issue.
4) Application development procedure

5) Review primary care unit routine diabetes education session: DMAS

Table 2: Training Session 1

Time Objective Content Activities Evaluate
9.00-10.00 | 1.To provide a detail 1. Introduction to | - explain the Question
of research procedure: | research procedure, and
objective, data procedure, objective and answer
collecting and explain the detail of
intervention objective, data intervention
2.Reviese on collecting method | -Lecture
medication adherence | and detail on
topic and prevalence | intervention
on non-medication
adherence and
diabetes complication
10.00-11.30 Coffee Break
10.30-11.30| 1.Data collecting 1.Instruction on 1.demonstrate | practice
training (MMAS how to complete | how to
Questionnaire) the questionnaire | complete the
questionnaire
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Time Objective Content Activities Evaluate
2.pill count 2.Instrution on 2.demonstate
medication adherence | how to collect how to collect
percentage and cucullated and calculated

pill count pill count
medication medication
adherence adherence
percentage percentage
11.30-12.30 Lunch
12.30-13.30| To provide a good How to clarify Common Role
communication skill questions and questions and | play
how to answer answer
the question
(mobile
application scope)
13.00-14.00| Sample recruitment -How to approach | Lecture and Role
criteria and sampling. | diabetes patient demonstration | play
All research assistants | with the good
would be trained on communication
participants’ skill
voluntariness -How to assess
assessment and Participants’
emphasized on no voluntariness
biased participant -How to do no
selection issue bias participant
selection
14.00-14.30| Application 1. Introduction to | - explain about | Question
development application application and
procedure development development answer
procedure and procedure

brief interface of

the application
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DMAS **

Stress on the
important of providing
the same DMAS both
intervention group and

control group.

Time Objective Content Activities Evaluate
14.30-15.00 Coffee Break
15.00-16.00| Revise primary care Revise on DMAS Role play on Case
unit routine diabetes protocoled and routine work scenario
education session: process for one patient | role play

**DMAS Diabetes Medication Assistant Service

Review primary care unit routine diabetes education session

DMAS refer to diabetes educational session by community pharmacists and

others primary care unit staff, this routine educational session include individual

health profile (DTX/BMI/BP/Laboratory) and patients’ self-management assessment,

medication revise and personal counseling on the problem (preventive physician

/chronic disease management nurse/chronic disease counselor and community

pharmacist).DMAS intended to support patient self-management and to improve the

medication consumption quality. DMAS procedure ongoing together with primary

care unit routine work in 4 steps.



Table 3: Procedure of DMAS in primary care unit 4 steps

Step

Service

provider

DMAS

Step 1

Screening

Chronic
disease
management

nurses

1.Collect individual health profile
( DTX/ BMI/ BP/ Laboratory) and patients self-
management assessment.

Physical activity/exercise, Diet, Medication

2. Evaluate patients’ individual health profile
( DTX/ BMI/ BP/ Laboratory) and patients’ self-
management and manage for the further service

3. Chronic disease counseling in a simple case, refer
manageable case to the other step (primary care
unit expertise) and plan to refer the complicated
case that can’t be managed in primary care unit to

the secondary institute.

Step 2

Follow up

Preventive

physician

1.Revise medication order within the primary
collected data and prescribe refilled or new
medication order.

2. Provide a proper advice in a simple case, refer
manageable case to the other step (primary care
unit expertise) and plan to refer the complicated
case (that can’t be managed in primary care unit) to

the secondary institute.
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Step Service DMAS
provider

Step3 Community 1. Revise medication order within the primary

Dispensatory | pharmacist collected data and correct the prescription.

orocess 2. Provide pharmaceutical opinion on diabetes
medication non-adherence individually and do
pharmaceutical counseling, discuss on the problem
issue with the patients and emphasize the patients
about some remarked point of each medication*.
3. Refer manageable case to the other step (primary
care unit expertise).

Step4 Chronic 1.Listen to the patient’s problem individually and

Personal disease discuss for the solution together.

counseling Counselor 2.Coach the patients some skills that assist them to

manage their diabetes.

- Patient - family relationship

- Communication skills

- Nutrition

- Problem solving

- Time management skills

- Personal hygiene/ grooming/ dress
- Coping skills

- Social networking

-Anger management
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* Remarked: point of each diabetes medication:

Pharmacy department of Primary care unit launch routine work survey
research on unintentional diabetes medication non-adherence issue of primary care
unit diabetes patients in primary care unit under authorized by National Health

Security Office, Bangkok, Thailand. The study interest to investigate pattern of
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unintentional diabetes medication on 3 topics: forgetfulness, insufficient diabetes
medication and carelessness. The study found

draft pattern of unintentional diabetes medication non-adherence and from
results of survey study, the pharmacy department proposed standard operation for
diabetes medication dispensatory protocol in primary care unit as following.

1) Re-check: Count medicine with the patients to recheck the amount of
medicine before dispensing.

2) Remind: Emphasize the patients on before meal medicine issue for
those who get Glipizide.

3) Revise: Let the patient descript about their medicine administration and

correct

Session 2

2" the training session operation after EASYDM prototype finish

Table 4: Training Session 2

Time Objective Content Activities Evaluate

9.00-10.00 | To introduce EASYDM introduction | EASYDM video | Question

EASYDM demonstration | and answer

10.0010.30 Coffee Break

10.30-12.00 | To detail and 1.EASYDM operation | 1.Download Practice

practice on trial and try on
EASYDM 2.EASYDM on primary | EASYDM in real
(as user and care unit screen situation
administrator) | operation trail the 2.Practice as
can track user’s administrator
medication on EASYDM
adherence (primary care

unit screen)

11.30-12.30 Lunch
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Time Objective Content Activities Evaluate
12.30-14.00 | To discuss on Strength, weakness Group Every
EASYDM and question after discussion research
trained research assistant
assistant explored (RA)participat
EASYDM ed in rising
the
strong/weak
point or
question
about
EASYDM
14.0014.30 Coffee Break
15.00-16.00 | To rise the Find out about Group Role play
expected expected question discussion
question from | from participant and
participant how to answer

Step 2: baseline data collecting

Al the participants in both groups completed the questionnaire and baseline
measurement health examination includes Moristky Medication adherence score (8-
MMAS), Pill count medication adherence percentage and HbAlc by Bioelectrical
Impedance Analysis (BIA). The participants in the both groups were separated the day

for measured the baseline data.
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3.8.2 Phase 2 Application development

Mobile application EASYDM was an application designed to control diabetes
by improving medication adherence, which is one of prime importance in controlling
diabetes along with other control. Medication adherence measures by means of

Morisky medication adherence score and HbAlc management.

The application was developed by researcher and it should remind
participants to take diabetes medication in the correct time and period, this
application was to two ways communication, and provided short information
essential for diabetes control. Additional features of the application should provide
short diabetes education session (Izahar et al., 2017),investigated on diabetes mobile
health application content found that mobile application have great potential in
interrogating patient self- care education and motivating patients in maintaining
healthy behavior, thus assisting then in managing their chronic disease. The
application is featured in both Thai and English languages in smart phones operated

with android software.

1) How EASYDM Application works

After downloading and installing the application to participants’ mobile
phone, primary care unit staff whose responsibility on recording electronic OPD card
will input data about the patient’s recent medication (dose/medication
/administration time/frequency), recent health index and recent laboratory
information via application server computer. This application server computer could
monitor every application user and primary care unit pharmacist could also track the
patient medication adherence daily. Participant presses the “Yes” buttons of “Have

you taken your medication today?” Having pressed the Yes button is regarded as the



prescribed drug is taken (Stawarz, Cox, & Blandford, 2014). This response will be
recorded for one year in the control

Centre / in the app to review (Hayakawa et al., 2013)
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2) Application developing process

Preliminary study of the application EASYDM was conducted to validate
contents, features, language, functionality, satisfaction on the application before the
trial comment and even preferred times to receive reminding alert (Jakrapong
Rattanayotin & Vajirasak Vanija, 2017). Then, the application was modified depending
on the inputs during the preliminary study to align with the objectives of the study
and the need of the population in the area taking equal emphasis on technical

feasibility in consideration.

Now smartphones users in Thailand are dramatically increase, that means
almost all people in Thailand could access internet or online activity. January 2017,
National Statistical Office of Thailand release the data about internet user in Thailand
that more than 90% of internet users in the country go online via smartphone. The
second most popular device for internet access was the desktop, used by just half of
internet users surveyed.(Puriwat & Tripopsakul, 2017)

With the emergence of Thailand 4.0, the rise of technology, innovation and
smart business in Thailand, development and implement a specific mobile

application for improving diabetes would be challenge in health care system.

EASYDM refer to the application that developed by the researcher, focused
on strengthening diabetes ‘medication adherence in primary care unit for supporting
diabetes management. The application were mobile computing, medical electronic
assistance, and communications technologies that can enhance diabetes medication

adherence.

The survey was established to understand and analyze about need and
accessibility of diabetes patients and primary care unit medical staff affordability for

diabetes assistance mobile application. Data were collected by different survey



61

forms on different target groups and the application was designed based on the
processed data and analyzed results. From brief requirements of the application,
there would be application monitoring screening primary care unit computer network
that could check and count Participants mobile application access time and

frequency.

EASYDM was developed through theses all process, in the other word was

how to tailor mobile application

2.1) Step 1: Problem base development

Diabetes management include 3 major components, dietary control
combined with exercise, insulin treatment in necessary case and oral hypoglycaemic
therapy. In primary care unit, we routine educate all diabetes patients every
necessary information and implement health behavior modification intervention. To
ensure appropriate management, the basic knowledge and skills should be acquired
by the patient and his family and the health care team should work closely with the
patient to achieve this objective and to promote self-care. The person with diabetes
should also be involved in setting therapeutic targets for weight, blood pressure and

blood sugar control.

Although primary care unit continues working on diabetes management,
medication therapy should also be considered at this stage in the presence of
marked as uncontrolled diabetes. The treatment scheme can probably be
appropriately applied in most cases. There is a high rate of non-adherence to
medication regimens, particularly in patients with chronic conditions and medication
adherence were one of may be improved through a combination of patient

educational and behavioral interventions. Practical health mobile application could



62

help to improve diabetes medication adherence but what should the mobile

application be?

The core idea for successfulness of the application depend on its practical
use and effectiveness Therefore, the crucial mark of developing mobile health
application is to understand what issues are experienced by primary care unit

medical staff and diabetes patient then the application could solve the problem.

2.2) Step 2: Figure out about the application

Before developing any mobile application, research survey was conducted to
gain valuable inputs regarding various emergent practices during the mobile
application development process. The results of the survey were utilized as a starting
point to identify specific requirements in the area of mobile application developer
for new and revolutionary practices. An extensive survey form was designed based
on the available literature related to mobile application development in the past.
Main contributors to the survey were researcher, primary care unit staff. and mobile
application developer. Diabetes patients were invited to join the survey in their
follow up visit and medication refilled at primary care unit. The surveys were
operated by trained primary care unit staff. The survey form evaluated and validated
by several experts in the area before it was issued to the participants. The data was
analyzed quantitatively and qualitatively by studying each response individually and
then by analyzing all responses collectively. The validity of the study and findings
was assessed by relevant experts from mobile development community. There were

2 type of survey forms as follow.

(1) User’s diabetes application requirement

In this section, researcher reviewed literature on factor affected health

mobile application accession and operation, group discussion between primary care
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unit staff, researcher and mobile application developer to find out the ability for
application accession and operation of diabetes patients and prepare the data for

phase |, The survey form was designed the as following.

Table 5: Application accessibility survey form

Question ltem Answer choice

Gender ] male [ remale

Age ] year

Education DNot—attending school DHigh vocational school /Diploma
] Elementary school L] High school/ vocational school
[Cmiddle school [] Bachelor’s degree

[ Master’s degree or higher ......c.ccccvveee.

Device type [] Android Mobile [ 10s Mobile type. e
type.ie,

Application downloaded experience L] yes L No

Current application on device L Line U] Instagram

[ ] Facebook L] other....

Application using frequency | / week

Recommendation for the application

(2) User’s diabetes application need

Review literature on factors affected health mobile application accessibillity
and operation, group discussion between primary care unit staff, researcher and
mobile application developer and design the survey form to collect the data. Survey

form for application requirement were as followins.
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Table 6: Application requirement survey form

Question Item Answer

1.What goals do the user/ Primary care
units (PCU) staff work on Diabetes
patients /researcher to accomplish

diabetes mobile application?

2.What will be the primary purpose of

EASYDM mobile application?

3.Functional Specification?

L] Reminder buzz
[] Health index (BMI/BP/other chronic illness)

[ Patient-PCU communication channel-Smart coaching
L] Adherence appraisal (graph/table/daily notification)
[ Lab information (DTX/FBS/HbALc /LDL)

L] othere...

The participants were 584 diabetes patients who have smart phone, attend
primary care unit of Pattanavej Primary care unit, Saimai District, Bangkok, Thailand
during a period of a month, primary care unit staff who work with diabetes patients
and the researcher. In this section, we would find out the application requirement of
diabetes patients attend primary care unit of Pattanavej Primary care unit, Saimai
District, Bangkok, Thailand during a period of a month who have smart phone,

primary care unit staff who work who work with diabetes patients and the researcher.

Design surveying could be great to assist the application developer preparing
the design style and navigation for application user, both diabetes patients and
primary care unit staff who with diabetes patients. Then the application developer,

the PCU staff and researchers meeting concluded about application requirement.
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2.3) Step 3: Application developing

EASYDM should be designed and developed as scalable and adjustable. First
draft of the application preface within 1 months after survey brain-storming
application and building prototype with the most viable functionality within 3

months first launch

2.4) Step 4: Test & Receive Feedback

EASYDM would be like smart medication reminder that not only remind but
could be track their medication adherence behavior with these following function

(1) Reminders buzzle for reminding diabetes patients’ medication taking
times. (Frequencies of notification are depended on diabetes patient’s
medication prescription and this notification buzzle also able to close
occasionally and could be turned to notify in vibration mode too. When
the notification had been closed more than 24 hours, it could restart the
notification mode itself automatically)

(2) Recent health index (BMI/BP/other chronic illness)

(3) Patient-primary care unit communication channel

(4) Smart coaching

(5) Adherence appraisal (graph/table/daily notification)

(6) Lab information (DTX/FBS/HbA1c /LDL)

(7) *Application manage and monitoring screen at primary care unit
server computer (could monitor every application user and primary
care unit pharmacist could also tracking the patient medication
adherence daily) Portable primary

*Application manage and monitoring screen
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Health care screen daily monitoring of every application user. From this
monitoring screen, primary care unit staff, whose responsibility were recording
electronic OPD card, input data about the patient’s recent medication, health index
and laboratory information for patients every visiting session and primary care unit

pharmacist tracked the patient medication adherence daily.

Frequencies of application notification were depended on diabetes patient’s
medication prescription and this notification buzzle also able to close occasionally
and could be turned to notify in vibration mode too. When the notification had been

closed more than 24 hours, it could restart the notification mode itself automatically.

After the first draft launch, we accomplished pilot implement the application
in 30 diabetes patients in the other PCU. Then collected the application’s problem
from user’s complains and suggestions. From the collected data, adjust the

application again before launch.
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Figure 14: EASYDM connectivity and communication between clients and center
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3.8.3 Phase 3 Implementation intervention

Intervention group (EASYDM application group)

After trail phase, participants in in intervention group were allowed to install
EASYDM application in their mobile phone and were taught to set password to

access the application, how the application work and what to do with the
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application. The application was installed to participants’ mobiles by research
assistants. Notification time automatically set through input medication data via

administrator part on PCU computer.

Participants in the intervention group were informed about necessity of
application protection from the other diabetes patients and they were trained to set
password for their application and would be informed about the important about
cyber security. Also, with primary care unit screen application monitoring, permission
was managed by password. Only staff who were assigned on application data
entering and monitoring can access participants data. In the study, every application
download need permission from the researcher. Participants in the intervention
group had to sign contract about contaminating prevention before implement the
study, and intervention group received the same usual diabetes education (DMAS)
provided by diabetes care team of primary care unit. The study duration was 3™
months with assessments that will occur at base line, 1t month, 2"¢ month and 3™

months after enrollment.
Control group (Usual group)

Participants randomized to the control group did not received any
intervention from the researcher but received the same usual diabetes education
(DMAS) provided by diabetes care team of primary care unit. The study duration was
3 months with assessments that will occur at base line, 1* month, 2™ month and 3™

month after enrollment.
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Part interventions for each treatment condition

Table 7: Interventions group and control group condition
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Timeline

Mobile phone application with
EASYDM (Intervention group)

Usual care

(control group)

Recruitment

Randomization

Randomization

Measurement of outcomes

Measurement of outcomes

Baseline X4 X5 a, b, c X1 Xy a, b
1°* month X, a, b, c Xy a, b
2" month X, a, b, c X, a, b
3 month X4 X5 a,b,c X4 X, a,b

X1 Medication adherence score, Medication adherence score,

Pill count adherence percentage | Pill count adherence percentage

X2 HbA1c level HbAlc level

a Usual care from PCU Usual care from PCU
(No copayment and medical fee | (No copayment and medical fee
waived) waived)

b* Usual Care session: DMAS with Usual Care session: DMAS with
receive formal training in Primary | receive formal training in Primary
care unit (preventive physician, care unit (preventive physician,
Pharmacist, Practitioner nurse) Pharmacist, Practitioner nurse)

C Mobile phone application -

(EASYDM)

b* Diabetes Medication Assistance Service (DMAS)

Usual Care session: DMAS with receive formal training in Primary care unit

(preventive physician, Pharmacist, Practitioner nurse)



The details of interventions group

Table 8: The details of interventions group.
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Session Activities Time/Location
Control group Intervention group
Base line | 1. Explain the brief details | 1. Explain the brief details | 7.00-7.30

of this study include

of this study include

Meeting room

objective, benefit of the objective benefit of the of PCU
study and provide study and provide

information sheet and information sheet and

consent form. Making consent form. Making

commitments commitments

2. 1% Specimen collecting | 2. 1% Specimen collecting | 7.30-8.30

for HbAlc for HbAlc Meeting room
of PCU
3.Breakfast (Whole wheat | 3.Breakfast (Whole wheat 8.30-9.00

bread sandwich & Un

sweeten Soymilk)

bread sandwich & Un

sweeten Soymilk)

Meeting room

of PCU

4. 1% modified MMAS data

4. 1% modified MMAS data

9.00-9.30

collecting collecting Meeting room
of PCU

5. Routine PCU procedure | 5. Routine PCU procedure | 9.30-12.00

5.1 Screening 5.1 Screening Usual PCU

(Chronic disease (Chronic disease setting

management nurse)

management nurse)

5.2 Follow up

(Preventive physician)

5.2 Follow up

(Preventive physician)
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Session Activities Time/Location
Control group Intervention group
Base line | 5.3 Dispensatory process 5.3 Dispensatory process 9.30-12.00
(Community pharmacist) | (Community pharmacist) Usual PCU
-1* Pill count and record | -1°" Pill count and record in :
setting
in Pill count medication Pill count medication
adherence percentage adherence percentage
recording form
recording form
5.4 Personal counseling 5.4 Personal counseling
(Chronic disease (Chronic disease
Counselor) Counselor)
6. Application download 13.00 -14.00

and data entry

-Small group session

(1 research assistant: 9-10
participants)

-After downloading
application, primary care
unit staff whose
responsibility on recording
electronic OPD card input
data about the patient’s
recent medication, recent
health index and recent

laboratory information

Meeting room
of PCU

by researcher/
research

assistant

7.Application operation
training via VDO

- researcher/research
assistant

- VDO presentation

14.00-14.30

Meeting room
of PCU by
researcher/
research

assistant




73

Session Activities Time/Location
Control group Intervention group
Base line 8. Training on password 14.30-15.30
setting and application Meeting room
function setting trough of PCU
practicing on EASYDM in
participants’ own mobile
phone
- researcher/ research
assistants
- Small group session
(1 research assistant: 9-10
participants)
9.Discuss on EASYDM 15.30-16.00
strength, weakness and Meeting room
question of PCU
- researcher/ research
assistant /participants
- Group discussion
10. Provide information 16.00-16.30
about EASYDM assistants Meeting room
(telephone/communication of PCU
channel in EASYDM
application)
1 month | 1. 2"modified MMAS data | 1. 2"modified MMAS data | 9.00-9.30
collecting collecting Meeting room
of PCU
2. Routine PCU procedure | 2. Routine PCU procedure | 9.30 -12.00
Usual PCU

setting
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Session Activities Time/Location
Control group Intervention group
1°* month | 2.1 Screening 2.1 Screening 9.30 -12.00
(Chronic disease (Chronic disease Usual PCU
management nurse) management nurse) setting
2.2 Follow up 2.2 Follow up
(Preventive physician) (Preventive physician)
2.3 Dispensatory process 2.3 Dispensatory process
(Community pharmacist) | (Community pharmacist)
- 2"9Pill count and record | - 2"Pill count and record
in Pill count medication in Pill count medication
adherence percentage adherence percentage
recording form recording form
2.4 Personal counseling 2.4 Personal counseling
(Chronic disease (Chronic disease
Counselor) Counselor)
2"month | 1. 3modified MMAS data | 1. 3“modified MMAS data | 9.00-9.30

collecting collecting Meeting room
of PCU

2. Routine PCU procedure | 2. Routine PCU procedure | 9.30-12.00

2.1 Screening 2.1 Screening Usual PCU

(Chronic disease (Chronic disease setting

management nurse)

management nurse)

2.2 Follow up

(Preventive physician)

2.2 Follow up

(Preventive physician)

2.3 Dispensatory process
(Community pharmacist)
-3"9Pill count and record
in Pill count medication
adherence percentage

recording form

2.3 Dispensatory process
(Community pharmacist)
-3'9Pill count and record in
Pill count medication
adherence percentage

recording form
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Session Activities Time/Location
Control group Intervention group
2"¥month | 2.4 Personal counseling 2.4 Personal counseling 9.30-12.00
(Chronic disease (Chronic disease Usual PCU
Counselor) Counselor) setting
3“month | 1. 2"%Specimen collecting | 1. 2"Specimen collecting | 7.30-8.30

for HbAlc

for HbAlc

Meeting room

of PCU

2.Breakfast (Whole wheat
bread sandwich & Un

sweeten Soymilk)

2.Breakfast (Whole wheat
bread sandwich & Un

sweeten Soymilk)

8.30-9.00
Meeting room

of PCU

3. A"modified MMAS data

3.1° modified MMAS data

9.00-9.30

collecting collecting Meeting room
of PCU

4. Routine PCU procedure | 4. Routine PCU procedure | 9.30-12.00

4.1 Screening 4.1 Screening Usual PCU

(Chronic disease (Chronic disease setting

management nurse)

management nurse)

4.2 Follow up

(Preventive physician)

4.2 Follow up

(Preventive physician)

4.3 Dispensatory process
(Community pharmacist)
- 4™Pill count and record
in Pill count medication

adherence percentage

recording form

4.3 Dispensatory process
(Community pharmacist)
- 4"™Pill count and record
in Pill count medication
adherence percentage

recording form

4.4 Personal counseling
(Chronic disease

Counselor)

4.4 Personal counseling
(Chronic disease

Counselor)
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3.8.4 Phase 4 Evaluation

After the intervention was done within 3 months, the application
effectiveness was assessed. intervention of intervention at 3 month. The participants
in the intervention group and control group were completed questionnaires, pill
count medication adherence percentage recording forms and HbAlc measurement

recording forms.

3.9 Outcomes
3.9.1 Primary outcome

The primary outcome are medication adherence scores which will be
measured by Morisky Medication Adherence Scale (Thai version) and pill count

medication adherence percentage.

Morisky Medication Adherence Scale (Thai version) : The level of scores can
also be classified as low adherence < 6, medium adherence (6 - < 8) and high

adherence = 8 (Butt et al., 2016; Supachaipanichpong et al., 2018b)

Pill. count medication adherence percentage: If Pill count medication
adherence percentage is > 80 %, the participant can be classified as adherence and if
pill count medication adherence is < 80 %, the participant can be classified as non-

adherence.(Brown et al., 2011)
3.9.2. Secondary outcome

HbAlc level is the secondary outcome (Clifford et al.,, 2014) HbAlc which
express in percent and mmol/ mol. Then, percentage of participants with HbAlc

reduction was presented. HbAlcin mmol/mol was also be described.
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3.10 Measurement tools

Measurement tools were questionnaire, pill count medication adherence

percentage recording form and HbAlc measurement recording form as following:

3.10.1 Questionnaire:
The details of the questionnaire were shown in Appendix B, C
(1) General characteristics part:

General characteristics part in the questionnaire will be used for collecting
characteristic and analyzed to describe the sample, this questionnaire part contains 3

section

Section 1: Sociodemographic characteristic includes 7 question items: gender,

age, education, family status, income, smoking history and alcohol use history.

Section 2: Mobile phone usage includes mobile phone usage frequency

mobile phone usage duration comorbidity disease

Section 3: Diabetic status includes 7 question items: HbAlc awareness,

duration of Diabetes and comorbidity disease

(2) Morisky Medication Adherence Scale part (MMAS):

Morisky Medication Adherence Scale: MMAS was an questionnaire for
measure patient medication adherence. MMAS is a validated assessment tool used
to measure non-adherence in a variety of patient populations. It has been verified
and substantiated by numerous studies on a global scale with over 110 versions and
over 80 translations. The tool uses a series of short behavioral questions geared in

such a way to avoid “yes-saying” bias commonly seen with chronic care patients.
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More specifically, the wording of the questions was rearranged to prevent answers
that tend to follow certain behavioral patterns. This allows the patient to respond to

questions about non-adherence in a spirit of full disclosure for the clinician.

Previously, MMAS was developed as self-reported scale with 4 items regarding
common medication-taking behaviors leading to omission of medication. It had
previously been widely used, especially in Randomized Controlled Trials (RCT) of
medication adherence intervention among patients with numerous chronic diseases.
Later, additional 4 items addressing the circumstances surrounding adherence
behavior were supplemented to the original version to overcome some of its
limitations; this updated scale was named the 8-item Morisky Medication Adherence
Scale (MMAS-8). The MMAS-8 consists of 8 items, the first 7 of which are yes/no
questions, and the last of which a 5-point Likert is-scale rating. Since its development
in 2009 until the present, the MMAS-8 has been used in more than 200 studies. Over
the past 2-3 years, the use of the MMAS-8 in RCTs of medical adherence
intervention regarding numerous chronic diseases has increased dramatically. (Lam &

Fresco, 2015b)

The researcher reviewed  about medication adherence measurement
literature and adapted Thai version MMAS from Sensitivity and specificity of Thai-
Version brief medication questionnaire. (Sriwarakorn, Krittiyanunt, & Sakulbumrungsil,
2010a)The scale comprises seven items with a 2-choice response (yes/no) to assess
how patients take their prescribed drugs (dose, timing, and forgetting), and one item
with a 6-point rating scale to assess feelings towards their medication regimen. For
the first 7 items, positive statements are scored 1 for a “Yes” answer and 0 for a
“No” answer while negative ones are scored conversely. Item 8 is scored from 1
(never), 0.75 (rarely), 0.5 (once in a while), 0.25 (usually) and 0 (all the time)

respectively. The sum score ranges from 0 to 8 with higher scores indicating a higher
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level of adhering to prescribed medication. (Sriwarakorn, Krittiyanunt, &

Sakulbumrungsil, 2010b)

Level of medication adherence based on predictive validity of a medication
adherence measure in an outpatient setting (Morisky, Ang, Krousel-Wood, & Ward,
2008) were classify into 3 level, highly adherent were with the score of 8, medium

adherers with a score of 6 to < 8, and low adherers with a score of <6 on the scale

3.10.2. Pill count medication adherence percentage recording form

The details of the recording form shown in Appendix E

Pill count is one of indirect medication adherence measurement. It is
objective measure counts the number of dosage units that have been taken
between two scheduled appointments or clinic visits. This number would then be
compared with the total number of units received by the patient to calculate the

adherence. Pill count separates into announced and unannounced pill counts

Unannounced pill counts, patient will be informed that pill count could
occur anytime in-home visits over therapeutic period without appointment or
random pill count on scheduled appointments or clinic visits. Seth C. Kalichman et al
(2015) study on monitoring medication adherence by unannounced pill counts
conducted by telephone. HIV-positive men and women (N = 89) in Atlanta, Georgia,
completed a telephone-based unannounced pill count and provided
contemporaneous blood specimens to obtain viral loads; 68 participants also
received an immediate second pill count conducted during an unannounced home
visit.  The study found high degree of concordance was observed between the
number of pills counted on the telephone and in the home and percent of pills
taken). Adherence obtained by the telephone count and home count reached 92%

agreement (Kappa coefficient = .94). Adherence determined by telephone-based pill
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counts also corresponded with patient viral load, providing evidence for criterion-
related validity. Unannounced telephone-based pill counts offer a feasible objective

method for monitoring medication adherence.(C Kalichman et al., 2008)

Announced pill count is simply and portable medication adherence
measurement tool on chronic disease care. The patient will be told to take their
medication back to physically count at their appointment visit. Lee JY et al (1996)
study on assessing medication adherence by pill count and electronic monitoring in
the African American study of kidney disease and hypertension. Two medication
adherence measurement tools, The Medication Event Monitoring System (MEMS), an
electronic monitor which records the date and time of bottle cap openings, and pill
counts were used to assess patterns of adherence for the primary antihypertensive
drug in the African American study of kidney disease and hypertension. There were
participants, 91 had MEMS recordings and pill counts for 313 regularly scheduled
monthly follow-up visits. The average length of follow-up was 4.6 months. An
acceptable level of adherence by pill count was achieved if 80% to 100% of the
prescribed pills were not returned to the clinic. Adherence by MEMS to a once-a-day
drug dosing schedule was acceptable if 80% of the time intervals between MEMS
openings were within 24 +/- 6 h. Acceptable adherence by pill count was observed
at 68% of the follow-up visits; MEMS indicated nonadherence at 47% of those visits.
Blood pressure was within goal in 50% of the participants who were adherent by
both pill count and MEMS throughout their follow-up visits, and only 14% of the
participants who were identified nonadherent by one or both methods. These
findings suggest that electronic monitoring is a useful adjunct to pill counts in
assessing adherence to antihypertensive drugs. Feedback of electronically collected
information on dosing intervals to participants and staff may enhance adherence.(Lee

et al,, 1996)
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Pill count procedure

Pill count is inexpensive, easy and real-time feedback method to measure
medication adherence, therefore it often uses to evaluate patient medication
adherence. However, several limitations have been identified. Pill count is based on
which is the fact that the removal of the dosage unit is equivalent to taking the
medication, pill count does not generate a medication-taking pattern as the latter
does. Removing the correct number of dosage units from the container does not
necessarily mean the patient follows the dosing regimen consistently. Besides pill
count’s inability to characterize the adherence pattern, it is also unable to identify its
causes Moreover, adherence underestimation occurs frequently, since this method
simply uses the dispensed date as the denominator of the equation without
considering the chance of having surplus medication. Especially for patients with
chronic conditions, it is common for them to refill the medication before running
out. Moreover, the cutoff value to differentiate adherence and nonadherence, in this

case, is generated arbitrarily.

Practical pill count in primary care unit

A pill count is one of useful medication adherence measurement tool. For
community pharmacist, pill count is a routine practice in chronic disease that request
patients to bring their prescribed medication with them to every chronic disease visit.
This pill count process proceeds while pharmacist dispensing their medication,
pharmacist physically counts the number of pills and compares that to the
prescription's instructions. In theory, this manual method often uses to confirm
whether the patient is following the practitioner’s prescription. Every chronic disease

patient are requested to bring all unused medication to their chronic disease
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appointment in the original container. Check if the number of pills in the container
match what the expected number is when if the patient followed the prescribed
dosage. If after pill count real number didn’t match the expected number,
community pharmacist and patient will discuss together about the problem that
affected their medication adherence. In this process, community pharmacist should
acquire good communication skill to make the patient feel free to explain their
problem. Pill count is not only routine practice for medication adherence evaluation

but also enhance patients” motivation to follow practitioner’s prescription.

Pill count calculation

In this study, pill count on diabetes medication performed by community
pharmacist on diabetes medications dispensing at each time (baseline, 1% month 2"
month and 3 month). Information required for the pill count calculation was
recorded from each prescription label included drug name, strength, and dosage
form, instructions for use, quantity dispensed, and dispensing date in the original
container. All required information were record in pill count recorded form in

appendix C. The pill count adherence equation is presented as following

% adherence = (guantity dispensed) — (quantity remaining) x 100

(prescribed number)

Pill count calculations were assessable only for oral diabetes medications
prescribed in each item for each visit. The remain diabetes medication of each visit
were taken off and forfeited by the community pharmacist. In case that the
participants were prescribed more than 1 diabetes medication item, % adherence of

diabetes medication is presented as following.

%adherence = (9% adherence iteml) +(% adherence item2) = +(% adherence item N)

N
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Table 9: Criticism of most commonly used adherence measure

(blood test)

reporting

Category Example Strengths Weakness
Subjective -Self-reports - Easily obtained - Personal bias
(Morisky medication | (using patients - Overestimate adherence.
adherence scale interview or
(MMAS) questionnaire)
-Beliefs about - Inexpensive
medication
questionnaire (BMQ)
-medication - May capture the
adherence rating underlying cause of
scale (Patrick et al.) non-adherence
Subjective Clinical Judgment - Confirms patients - Does not guarantee that

patients took medication

Pharmacy refill

- Easy, minimal time

- Patients may use more than

monitoring commitment. one pharmacy. - Does not
- Effective for large equate with medication taking.
population.

Pill counts - Minimal direct costs | - Overestimate of adherence

- Could be more
accurate if
unannounced pill

counts done.

- Does not prove that patient

actually took the medication

Electronic monitoring

(MEMS)

- Claimed to be most

accurate measure.

- Expensive

- Requires carrying the
container

- Subject to “pocket doses”
(removing more than one dose
at a time)

- Does not prove that the
patient took the medication-
The underlying cause of

adherence are not captured

Source: (Al-Halaiga, 2012)
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3.10.3. HbAlc measurement

Specimen was collected and analyze HbAlc level by primary care unit’s
affiliating laboratory. This laboratory was operated under Thailand standard
laboratory agreement and was licensed from Thai National Health society to work

cooperated with primary care units.
Specimen collected procedure

Blood samples of 2 ml under overnight fasting condition are collected with
sterile syringe under standard procedure and send it to the Laboratory. ELIZA is used
to analyze HbAlc level. For each participant is seated in a curtained blood collection
room in PCU by nurse practitioner, is told that the first station of the assessment.
The participant is seated comfortably in a special phlebotomy chair, arm rests during
the venipuncture process. Tourniquet is applied to upper arm, moderately tight over
the expected place of the vein. Sample type (venous whole blood), asked for blood

sample of about 2 ml (0.4 teaspoons)

Tube inversions ensure mixing of anticoagulant (EDTA) with blood to prevent
clotting and, before they leave to complete the other exit procedures. Send the
check immediately or keep it in the refricerator. Storage location 2-8 C°, specific
condition for test to be transported stored prior utilization, cold chain needed to
transfer a precise volume of blood (Pro-lab, Professional Laboratory Management
Group Corp co. ltd Thailand ,to process the sample prior to performing the test), the
testing once every 3 months could help diabetes maintain control over their blood
glucose levels. Those who are meeting treatment goals with stable glucose levels at

least twice a year.
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HbA1c evaluation

The HbAlc level is affected by the blood glucose concentration, the duration
of red blood cell (RBC) exposure to varying concentrations, and RBC quantity. HbA1lc
most accurately reflects the previous 2 to 3 months of glycemic control in the
setting of the usual RBC life span of 120 days. As a relatively long-term indicator of
glycemic control, it may not accurately represent acute improvements or
deteriorations in glycemia. Recent factors affecting glycemia must be considered, as
HbAlc represents a weighted average glucose with 50% contribution from the
preceding month. HbAlc must be interpreted with caution. In non-pregnant adults,
HbAlc is often falsely low in conditions that reduce the number of glycosylated
RBCs, such as hemolysis, splenomegaly, chronic kidney disease, cirrhosis,
hemorrhage, blood transfusions, use of erythropoiesis-stimulating agents, and certain
hemoglobinopathies (le, HbS, HbC, HbF). Alternately, HbAlc is elevated in other
hemoglobinopathies and in conditions that result in decreased RBC turnover such as
iron or vitamin B12-deficiency anemia. The 2008 Alc-Derived Average Glucose study
group (507 participants from 10 international centers) used linear regression analysis
to correlate HbAlc drawn every 3@ months with average blood glucose readings
taken during those 3 months.(Sandler & McDonnell, 2016)

The International HbAlc consensus Committee has recommended that the
HbAlc levels must be reported in terms of System International (SI) units (millimoles
per mole, with no decimal places), which relate better scientifically to a valid
measure of HbAlc. The National Glycohemoglobin Standardization Program (NGSP)
still recommends using the units in terms of the percentage with one decimal place,
for example, an HbAlc level below 5.7% is considered as normal. The SI units allow
for avoiding any confusion between the reported HbAlc levels and the traditional

fasting glucose levels expressed as millimoles per liter. All these units can be easily
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converted using one of the online calculators and the values are interchangeable
including those expressed as meg/dL and also allow for calculating the estimated
average glucose results. It is important to note that the HbAlc levels, expressed in
millimoles per mole, must not be confused with blood glucose levels, which are
expressed in millimoles per liter, and provide an average long-term trend. The
following equation helps to obtain the SI units from the HbAlc expressed in terms of
the percentage: HbAlc SI unit (mmol/mol) (HbAlc NGSP unit in % x10.93) >23.50. For
example, if the HbAlc is 5.7% (Diabetes Control and Complications Trial), then the
HbA1c Sl unit (mmol/mol) (IFCC) can be calculated as HbAlc SI unit (mmol/mol) (5.7

x 10.93) > 23.50 = 38.8 mmol/mol (IFCQ).

Table 10: HbAlc as an indicator of diabetes control.

Blood glucose Status HbA1lc
mmol/l mg/dl %
54 oF Normal 5
7.0 126 6
8.6 155 Pre-diabetes 7
10.2 184 Diabetes 8
11.8 212 Diabetes 9
13.4 241 10
14.9 268 11
16.5 297 12

Source: (S. I. Sherwani, H. A. Khan, A. Ekhzaimy, A. Masood, & M. K. Sakharkar, 2016)
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3.11 Data collection

Data collection were at baseline, 1¥month, 2"month, and 3“month after the
intervention introduced. The adherence score was monthly collected face-to-face
following intervention at baseline, 1°* month, 2™ month and 3 month within 3
months’ intervention by using structured questionnaires. 3“month HbAlc level will
be measured twice at baseline screening and of intervention because marked

changes of HbAlc level is reported in three months.

Participants in the intervention group were informed about necessity of
application protection from the other diabetes patients and they were trained to set
password for their application. In the study, every application download need
permission from the researcher. Participants in the intervention group have to sign
contract about contaminating prevention before implement the study. Participants
were trained to set password for their application and were informed about the
important about cyber security. Also, with primary care unit screen application
monitoring, permission was managed by password. Only staff who was assigned on

application data entering and monitoring can access participants’ data.

Data collecting process

After recruitment process, participants completely separated into 2 group:
control group and intervention group. The participants who are voluntary to
participate will be assigned for baseline data collecting, separated the date for
intervention group and control group in same week. All participants will be informed
about the study one by one by trained research assistants, both sample groups will
be notified that this study include twice HbAlc blood test at baseline and at the
third month and will be remind about risk of blood puncture procedure. On this

primary care unit appointment visit, the participants will be dispensed enough
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medication to baseline appointment date and will be told to bring all their remaining

medication in original container on the baseline appointment date.

On base line appointment date, participants in both control group and
intervention group will be asked to sign the consent and collected blood for HbAlc
test at Pattanavej primary care unit at 7.30 am. In this study, our affiliated laboratory
used NGSP-certified methods to measure HbAlc (National Glycohemoglobin
Standardization Program (NGSP) method were accepted by the American Diabetes
Association (ADA) to evaluate HbAlc .(Tantipoj et al)With this standard blood
collection, storage, and shipping of our affiliated laboratory, it will minimize blood
collection risk and of maximize result accuracy. After blood collection, the
participants will be asked to answer the questionnaire (general part and MMAS-8
part). Research assistants will device the participant into small groups (6-10
participants) and assign one research assistants for each group to help the participant
on their questionnaire. Each participant was provided given 20 minutes to finish the
questionnaire and the answered questionnaires were provided put in participant
individual files. All participants were preceded in their routine primary care unit
services after that. Community pharmacists counted remaining pill and recorded
remaining pill number in participant individual file during they participants’
medication dispensing process. Other necessary data (name, code, HbAlc (HbAlc
results will return to primary care unit in the next day), MMAS score and pill count
medication score adherence percentages were completed in participant individual

file by research assistants.

On 1% and 2" month appointment date, the participants in both groups were
assigned to answer the questionnaire (MMAS-8 part) and all participants were
preceded in their routine primary care unit after that. Community pharmacists

counted remaining pill and recorded remaining pill number in participant individual
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file during participants’ medication dispensing process. Other necessary data (MMAS
score and pill count medication adherence percentage) will be complete in

participant individual file by research assistants.

On 3 month appointment date, participants in both control group and
intervention group were collected blood for HbAlc test at Pattanavej primary care
unit at 7.30 am and all participants were preceded in their routine primary care unit
services after that. Community pharmacists counted remaining pill and recorded
remaining pill number in participant individual file during participants’ medication
dispensing process. Other necessary data (HbAlc, MMAS score and pill count
medication adherence percentage) were completed in participant individual file by
research assistants.

3.12 Validity and Reliability

13.12.1 Validity of research instrument

Validity refers to ability of the measure test, to measure what is it designs to
measure. This study used the modified Thai MMAS which were validated by five
diabetes experts on I0C questionnaire, after that the researcher re-modified the
questionnaire with the expert comment on wording issue and verified modified Thai

MMAS reliability.

IOC =>2R/ N
IOC = Item-objective congruence index
N = Number of experts
R = Degree of agreement of each item

(0 = not sure, 1 = relate, -1 = not relate)
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3.12 Reliability of research instrument

The questionnaires were tested by pilot study for reliability of 30 diabetes
patients in the other primary care unit, Saha-clinic Banchan primary care unit, with
similar cortex as experimental location were explored the modified Thai MMAS’
reliability. The pilot scale’s data were analyzed by Cronbach's alpha coefficient of

the questionnaire is 0.783 that were considered to exhibit high coefficient.

3.13 Data Analysis

Intention-to-treat (ITT) analysis was applied. Mean and standard deviation
were used to describe continuous data and, number and percentage were used to
summarize categorical data. Independent t-tests, Chi square tests or Fisher’s Exact

test were used as appropriate to analyze data.

Normality tests were employed so as to test normal distributions of data in
continuous scales. Analytic statistics were used to compare between- and within-

group differences. Variables are-

Descriptive statistics for baseline characteristics were used (t-tests, chi square
tests) . Intention-to-treat analysis was applied. Analytic statistics were used to
compare between- and within-group differences. Variables were Morisky Medication
Adherence Scores (MMAS) in Morisky Medication Adherence Scale (Thai version)
which will be analyzed by paired t- test for within group comparison; and
independent t-test for between group comparisons as necessary. Normality tests will

be employed to test normal distributions of data in continuous scales.

For monthly, MMAS measurements, repeated measure ANOVA was used and
post-hoc test is run to investigate which group differs when specific group occurred
between groups when statistically significant difference in group means is revealed.

One-way ANOVA and two-ways ANOVA statistics will be used as necessary.
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HbAlc level was analyzed by paired t-test for within group comparison; and

independent t-test for between group comparison.

Pill count medication adherence percentage was analyzed by paired t-test for

within group comparison; and independent t-test for between group comparisons.

P-value of less than 0.05 was determined as statistically significant. All data
were analyzed with SPSS software for Windows (IBM SPSS, version 22, Armonk, NY,
USA).

Table 11: Statistics used for each objective

Objectives Statistics

To compare diabetes self-reported medication adherence

. 7 . st
scores and pill count medication percentage changes atl Repeated measure

r]d rd . . . L
month, 2™ month, 3™ month within intervention and control ANOVA,

groups of uncontrolled diabetes patients in primary care units oost-hoc test

in Bangkok, Thailand

To compare diabetes self-reported medication adherence

scores and pill count medication percentage changes atl1®
Mixed between-
month, 29 month, 3 month between intervention and
within ANOVA test
control groups of uncontrolled diabetes patients in primary

care units in Bangkok, Thailand

To compare HbAlc level at 3" month within intervention and
control groups of uncontrolled diabetes patients in primary | Paired t-test

care units in Bangkok, Thailand

To compare HbAlc level at 3 month between intervention
Independent t-test,
and control groups of uncontrolled diabetes patients in primary
Chi-square test
care units in Bangkok, Thailand
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3.14 Ethical Considerations

Ethical approval had been taken from The Research Ethics Review Committee
for Research Involving Human Research Participants, Health Sciences Group,
Chulalongkorn University (RECCU), (COA no.094-2 /62) and had been reviewed by
Thai Clinical Trials Registry (TCTR) Committee identification is TCTR20190509002. It
deemed satisfactory for all items of Trial Registration Data Set required by World

Health Organization.

3.15 Expected benefits

The results of this study might be useful in the management of diabetes
among uncontrolled diabetes in PCU. Moreover, the study may provide evidence for

future research on how to modify to apply applications on a larger scale.

3.16 Obstacles and solutions

Technical difficulty is an expectable obstacle, but it is addressed by
cooperating with experts in developing applications. Drop out is a potential for daily
and frequent alarm and less motivation, for which well-explanation and good rapport
is built by creating regular contacts and 25% attrition is added as well. Generalization
may be limited to uncontrolled diabetes in PCU although EASYDM might be

pertaining to uncontrolled diabetes in Thailand.



3.17 Administration

3.17.1. Estimated budget

Table 12: Estimated budget for the study

No ltems Amount (Baht)

1 Mobile application development 90,000
Laboratory for HbAlc

2 204,600

186-person x 550 per test x 2 times

3 Transportation 15,000
Remuneration for participants

aq 19,600
186-person x 100 bath
Remuneration for Assistant

5 32,000
8-person x 500 bath x 8 times

5 Stationery 14,000

6 Breakfast /Lunch/coffee break 55,800

Total 431,000

93
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CHAPTER IV

RESULT

The study presents an effectiveness of mobile application (EASYDM) for
diabetes control focusing on diabetes medication adherence among uncontrolled
diabetes patients attending primary care unit. EASYDM integrates smart phone and
primary care unit EASYDM administrator portal to improve the management of

diabetes control.

A two-arm randomized controlled trial was conducted on eligible evaluate
diabetes patients who attend Pattanavej Primary Care Unit, Saimai, Bangkok,
Thailand. Participant were recruited from August to December ,2019 based on
eligibility criteria. Computer-based randomization were used to select participants by
1:1 ratio from 375 patients, 14 patients were who did not meet the inclusion criteria
whereas did not complete from (8 patients), denying participation (3 patients)
andother reasons (3 patients). A simple randomization was performed and a total
361 patients of recruited into 186 diabetes patients. Intervention group (n=93) was
provided EASYDM with mobile application with functions and information designed
and validated by experts to control diabetes while control group (n=93) received
Usual Care provided by primary care unit team. Questionnaires were used to collect
required data of Intervention group and Control group. Both medication adherence
scores were measured by adapt Thai Morisky Medication Adherence Scales-8 item
(Thai- MMAS-8 item) and pill count medication adherence percentage by pharmacist
on pill count procedure were assessed monthly for 3 months and HbAlc level was
assessed at baseline and 3“month in standard laboratory under authorized of
National Health Security Office. Statistics analysis was done by using Chi-square test,

paired t-test, independent t-test, repeated measures ANOVA test and mixed between
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within ANOVA test as appropriate. The trial duration was 3 months. There was no loss

to follow up until the trial end.

The results of the study are described below.
4.1 Pre - Intervention: EASYDM Mobile Application Developing Process
4.2 Compare baseline diabetes medication adherence and HbAlc level
between EASYDM and Usual care groups
4.2.1 Characteristics and Baseline Data
(1) Socio-demographic characteristics
(2) Mobile Phone Usage characteristics at baseline of EASYDM group
and usual care group
(3) Diabetic status and comorbidity characteristics
4.2.2 Diabetes medication adherence score
(1) Morisky Medication Adherence Scale by items (MMAS-8)
(2) Pill count medication adherence percentage
4.2.3 Comparison of participants’ Primary Outcome and Secondary
Outcome at base line
4.3 Compare diabetes medication adherence scores, HbAlc level at baseline
and post intervention inter-intra intervention and control groups
4.3.1 Effect on Morisky Medication Adherence Scale
4.3.2 Effects of EASYDM on MMAS, pill count medication percentage and
HbAlc

4.3.3 Effect on HbAlc level
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4.1 Pre-Intervention: EASYDM Mobile Application Developing Process

4.1.1 EASYDM Mobile Application Developing Process

The survey was established to understand and analyze about need and
accessibility of diabetes patients and primary care unit medical staff affordability for
diabetes assistance mobile application. Data were collected by different survey
forms on different target groups and the application was designed based on the

processed data and analyzed results.

Table 14: characteristics of Respondents’ mobile application

Mobile application users’ characteristic Total (n=584)

n %
Gender
Male 281 48.1
Female 303 51.9
Age (years; 46.23+9.40
Mean + SD) 3
<40 176 30.1
41-55 271 46.4
56-65 137 23.5
Education
Elementary and below 55 9.4
Middle school 248 42.5
High school 208 35.6

Collage or above 73 12.5
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In this phase, 2 semi-structured survey questionnaires on EASYDM mobile
application requirements was designed. First, application user accessibility survey
questionnaire that were given to 584 outpatients and application user requirement
survey questionnaire that were given to 584 outpatients of 2 primary care unit and 8
primary care unit staff who work with diabetes patients of primary care unit in Sai
Mai district, Bangkok, Thailand and 100% of these responses were collected. The
results were discussed the result with mobile application developer and diabetes

expertise to develop EASYDM application.

The survey was carried out in June ,2019. A sample of 584 respondents was
randomly occasional selected from 2 primary care unit in Sai Mai district, Bangkok
Thailand. We adopted the following inclusion criteria for diabetes patient
respondents: 1) primary care unit patients who were diagnosed type 2 diabetics and
follow up treatment at primary care unit at least 1 year; aged 30-65 years;
consented to participate in the study; and having smart phones and 2) primary care
unit staff who work in the primary care unit at least 1 year and have at least 1 year
experienced on working in diabetes care area. We chose 2 primary care units that
provided diabetes clinic service, had a similar number of diabetes patients per year,
and had internet system that suite to work cooperated with mobile application.
Research assistants were trained on 2 survey questionnaires and sample selection
technique then randomly selected respondents who met the inclusion criteria and

provided the questionnaires one by one with standard information.



Table 15: Respondents’ accessibility of mobile application

Mobile application users’ accessibility

Total (n=584)

n %

Device type

I0S 0 0

Android 584 100
Application download experience

Yes 172 29.5

No 412 70.5
Current application use on device

No application 17 29

Line(yes) 567 97.1

Facebook(yes) 295 50.5

Messenger(yes) 264 45.2

Instagram(yes) 21 3.6

Other 0 0
Application using frequency

Every day 416 71.2

3-5 day/week 101 17.3

2-3 day/week 57 9.8

1 day/week 10 1.7
Expense

No charge 54 9.3

Real time application assistant 18 0.03

Care giver application use training 12 0.03

99



Table 16: Respondents’ accessibility of mobile application

100

(n-548)
Mobile application users’ User (%)
accessibility
1t o2 39 gt gt

Recommendation for the application

Two-way communication channel 0.7  31.5 67.8

Less complexity 43.7  54.6 1.5 0.2
Thai language 545 41.1 4.5
Larger font 1.9 4.3 61.3 325
Table 17: Preference of participants on mobile application function
(n=584)
Mobile application function n Percentage
Android phone with software version above 4(yes) 584 100

Thai language(yes) 318 54.5

Larger Thai fonts(yes) 456 78

Less complexity (yes) 271 46.4

Reminder buzz(yes) 584 100

Health index(yes) 584 100
Communication channel (hot line) (yes) a67 80

Adherence appraisal (yes) 580 99.3

Laboratory information(yes) 584 100

Other functions (Game quiz) (yes) a67 80




Table 18: Requirement survey questionnaire of diabetes patients

101

(n=548)
Mobile application requirement User (%)
15t ond 3rd gth 5th

Goals on diabetes mobile application

Glycemic controlled 40.6 58.0 1.4 - -

Improve medication adherence 40.4 17.7 40.9 1.0 -

Improve diabetes management 15.1 0.4 437 7.4 33.4

Medication adherence tracking 39 22.8 6.7 43.3 23.3

Diabetes data sharing and support - 1.0 7.4 48.3 43.3

Table 19: Requirement survey questionnaire of diabetes patients
(n=548)
Mobile application users’ accessibility n User
(%)

Functional Specification

Reminder buzz(yes) 516 88.4

Health index (BMI/BP/other chronic illness (yes) 296 67.8

Patient-PCU communication channel-Smart coaching (yes) 492 84.2

Adherence appraisal (graph/table/daily notification) (yes) 580 99.3

Lab information (DTX/FBS/HbA1c /LDL) (yes) 402 68.8
Suggestion for application brief content

Application data privacy(yes) 12 2.05

Professional suggestion on communication channel(yes) 12 2.05

24 hrs. application hotlines(yes) 12 2.05

Patients group support via line 12 2.05

Laboratory result should be easy to understand(yes) 18 308
with proper suggestion to solve the problem

Less mobile data storage, less mobile power consumption to 12 2.05

operate(yes)




Table 20: Requirement survey questionnaire for primary care unit staff
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(n=8)
Mobile application requirement User (%)
1St 2nd 3rd 4th 5th

Goals on diabetes mobile application

Glycemic controlled 87.5 12.5 - - -

Improve medication adherence 12.5 87.5 - - -

Improve diabetes management - - 75.0 25.0 -

Medication adherence tracking 43.3 23.3 23.3

Diabetes data sharing and support 48.3 43.3

First, the researcher set out a clear definition on the objective of requirement

analysis of mobile application developing for diabetes patients in primary care unit,

determining a time limit to 8 primary care unit staffs and 1 mobile application

developer when they are thinking and putting forward the topic of survey

questionnaires, with the help of a researcher using a set of criteria checklist for

evaluating the needed topic for application user accessibility survey questionnaire

and application user requirement survey questionnaire. During the brainstorming

session many ideas were taken down as possible and noted, not to limit any ideas

from any members, encouraging contribution and participation. The note was

classified into mobile application accessibility questions (diabetes patients) and

diabetes patients mobile application requirement question (diabetes patients and

primary care unit staffs) and contribute to the survey questionnaires.
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Table 21: Requirement survey questionnaire for primary care unit staff

(n=8)
Mobile application users’ accessibility n User (%)
Functional Specification
Reminder buzz (yes) 8 100
Health index (BMI/BP/other chronic illness) (yes) 8 100
Patient-PCU communication channel-Smart coaching 4 50
Adherence appraisal (graph/table/daily notification) (yes) 3 37.5
Lab information (DTX/FBS/HbA1c /LDL) 8 100
Suggestion for application brief content
1) Application activities of each user should can be 1 12.5
tracked by primary care unit staff
2) Concern about privacy disturbance by reminder 1 12.5
buzzer. Therefore, the notification should can be changed
into vibration mode
3) The application should be least complex; user could 2 25
operate the application themselves. No need to input any
data and they do only click.
4) There should be application administration page in 2 25
application server
5) Application security should be managed trough 1 12.5
password both on application’s user and application
administrators’ computer
6) Some application’s contents should be changeable. 1 12.5
Example: if the reminder function designed to show
picture of the curtain medication, that picture must
changeable through application administrator’s computer.
7) Application content should be short and easy to a4 50
understand to every user
8) The notification should be changeable to user 1 12.5

lifestyle and occasionally close for a while.
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Table 22: Characteristics of EASYDM mobile application

Characteristics Detail
HARDWARE
Mobile Diabetes patient mobile
Operation system Android
Application size small
Application power consumption Less
Data input Less

OPERATION SYSTEM
Could patch and operate application in administration part of application

SOFTWARE

Application interaction
1) Less than 30% of DM have application download experience and 2.9% of
target users have no application in their mobile phone
2) Line application were the most popular mobile application among DM
patient (97.1%)
3) 71.2% use mobile application everyday

APPLICATION DEVELOPMENT

Mobile phone

1) The application must be developed in Thai and must be less complexity,
54.5% of diabetes patient group set Thai language application at the first
range and 43.7% set less complexity set the first range.
2) To make diabetes patients glycemic control is the first range goal of the
application for both diabetes patient group and primary care unit staff group
3) Inviting care giver for application training session will be considered
4) Application will be free for download
5) Medication adherence appraisal is ranged at the first functional specification
of the application in diabetes patient group (99.3%). In primary care unit staff
group, reminder buzz for medication taking time, health index information and
laboratory result information is ranged at the first functional specification of
the application (100%)

6) Privacy disturbance from reminder buzz will be considered
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Characteristics Detail

Primary care unit computer

1) Application administration in application server computer will track and
communicate with application user
2) Data fully input trough administration part of application
3) Some application’s contents should changeable trough administration part of
application
APPLICATION SECURITY
1) Password setting will be used for application security management through
both on diabetes patients mobile and administrators’ computer.
COMMUNICATION
1) EASYDM should be tri-parties mobile application for improve diabetes patient
medication adherence then there will be 2-way communication channel for
diabetes patient and primary care unit staff to support EASYDM usage.
2) Because almost all diabetes patient frequency used application were line
application, therefore communication channel will appearance alike they

used to use.

Gathering from survey result, we adopted Harleen Flora, Swati Chande and

Xiaofeng Wang (Flora, 2014) key characteristic of mobile application that classified

into 3 categories: characteristics related to Hardware, Software (application

interaction, application development, and application security) and Communication.
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Brief content of EASYDM
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4.2 Compare baseline diabetes medication adherence scores and HbA1c level

between EASYDM and Usual care groups

A total of 375 patients were screened, 14 patients who did not meet the
inclusion criteria were excluded whereas 8 patients did not complete from, 3
patients denying participation and other reasons 3 were excluded. Then computer-
based randomization was used to eligible 186 patients were included in the study
and there was no lost to follow-up in 3 months trial period (Figure 10). 186
uncontrolled diabetes patients in primary care unit, Sai Mai, Thailand, who met the
inclusion and exclusion criteria: diabetes patients who were diagnosed type 2
diabetics and follow up treatment at primary care unit at least 1 year, age between
45-65 year, HbAlc level > 7 % at last assessment within 3 months, Morisky
Medication Adherence Score less than 6 and having smart phones with android
software compatible with EASYDM application. Exclusion criteria are as follows:
Uncontrolled diabetes patients who were diagnosed cardiac disease, impaired renal
functions, hepatic diseases, cognitive or psychological impairments, insulin injection,
impaired glucose tolerance, metabolic syndrome, maturity onset diabetes of youth,
and gestational diabetes and uncontrolled diabetes patients who cannot give verbal
consent to participate; were recruited and were randomized separated into 2 groups:
Usual Care Group and EASYDM group to reach the target sample size (93) in each

arm.



4.2.1 Socio-demographic characteristics
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Table 23: Socio-demographic characteristics of EASYDM group and Usual care group

at baseline
(n=186)
Characteristics Total (n=186)  EASYDM (n=93) Usual Care (n=93) P-value
n % n % n %
Gender 0.635 °
Male 58 31.2 27 29.0 31 333
Female 128 68.8 66 71.0 62 67.7
Age (years; 52.52 52.32 5271 0.674°
Mean + SD) +6.25 +6.18 +6.36
Education 0.440 °
Elementary School 24 12.9 15 16.1 9 9.7
Middle School 72 38.7 36 38.7 36 38.7
Secondary School 60 32.3 26 28.0 34 36.6
Bachelor’s degree 30 16.1 16 17.2 14 15.1
BMI (kg/m?; 24.79 24.60 24.96 0.574 °
Meanz SD) +4.41 +5.06 +3.66
Family Status 1.000 *
Single 28 15.1 14 15.1 14 15.1
Married 158 84.9 79 84.9 79 84.9
Income 0.444 °
10170.43 £9692.5° 9624.73 +8958.49  10716.13 +10394.¢
(THB; Mean + SD)
Current smoker
Yes 163 87.6 80 86.0 83 89.2 0.504 °
No 23 124 13 14.0 10 10.8
Current drinking 0.740°
Yes 21 333 19 20.43 12 12.90
No 155 66.67 74 79.57 81 87.10

Note °~ Chi-square test for categorical data

= Independent t-test for continuous data

Abbreviations: BMI, Body mass index; kg/mz, Kilogram per meter square; THB, Thai Bath.

SD, Standard Deviation
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The study included more female (68.8%) than male patients. Mean age (+SD;
years) was 52.52+6.25 years and most participants had middle (38.7%) and secondary

(32.3%) education.

Mean Body Mass Index (BMI) (+SD; kg/m?) was 24.79+ 4.41. Majority of
patients (84.9%) were married and smoker (87.6%). Mean family income (THB) of
participants was 10170.43+ 9692.51. All variables were not significantly different

(p>0.05)

Income level of participants were around 10,000 THB, which can be
categorized as fairly poor because lack of finance was found to be associated with

poor adherence (Aminde et al., 2019).

Baseline characteristics of participants in this trial were comparable with no
significant difference between EASYDM group and Usual care group. Mean age of
participants were over 50 years which is the age period mostly hit by diabetes. In
middle income country including Thailand, it was reported that the highest
proportion of deaths resulting from high blood glucose occurred at the age after 50
years and 43% of all deaths from high blood glucose happened before 70 years

(WHO, 2016).
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4.2.2 Diabetic status and comorbidity characteristics

Table 24: Diabetic status and comorbidity characteristics at baseline

(n=186)
Characteristics Total (n=186) EASYDM (n=93)  Usual Care (n=93) ~ PV3lue
n % n % n %
Diabetes status 0.291°
Duration of DM 6.94 + 4.50 6.59 +4.29 7.29 £4.70
(years; Mean +SD)
Hypertension 0.523 °
Yes 130 69.9 63 67.7 67 72.2
No 56 30.1 30 32.3 26 28.0
Dyslipidemia 0.140 °
Yes a8 25.80 28 30.1 20 21.5
No 138 74.20 65 69.9 73 78.5
HbA1c 9.13 £ 1.55 9.22 £1.66 9.16 +1.44  0.770°
(Mean+ SD)
Thai-MMAS-8 4.57 + 0.60 4.61 +0.57 453 +0.63  0.333°
(Mean+ SD)
Percentage of pill
count, 73.35+ 6.93 7272 £7.42 73.97 +6.383 0.221

(Mean+ SD)

Note °= Chi-square test for categorical data

® = Independent t-test for continuous data

Mean duration (+ SD; years) of diabetes diagnosed was 6.94+ 4.50 with HbA1c
level (9.13+1.55). 69 % were hypertensive and 25% of patients had dyslipidemia.
Mean (£SD: years) duration of diabetes was 6.94 (+ 4.50); mean (+SD) HbAlc level
was 9.13 (+ 1.55); and Morisky Medication Adherence scores was 4.57 (+ 0.60). Pill
count medication adherence Percentage was 73.35+ 6.93. All variables did not

significantly differ between groups (p>0.05) (Table 24).
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Table 25: Mobile Phone Usage characteristics at baseline of EASYDM group and usual

care group
(n=186)
Characteristics Total EASYDM Usual Care  p-value
(n=186) (n=93) (n=93)
Frequency of Mobile phone
0.999 °
application use, n (%)
3-5 times a day 15(8.1%) 7(7.5%) 8(8.6%)
More than 5 times 171(91.9%)  86(92.5%)  85(91.4%)
Duration of Mobile phone
0.209 *
application use,
Less than 30 minutes 6(3.2%) 4(4.3) 2(2.2)
From 30 min to 1 hour 90(48.4%)  52(55.9) 38(40.9)
From 1 to 2 hours 66(35.6%)  28(30.1) 38(40.9)
From 2 to 3 hours 13(7.0) 5(5.4) 8(8.6)
More than 3 hours 11(5.9) 4(4.3) 7(7.5)
Disturbing of mobile
0.497 °
application notification,
Yes 2(1.1) 2(2.2) 0
No 184(98.9) 91(97.8) 93(100)

°= Fisher extract test for categorical data

° Independent t-test for continuous data

The participant also shares similar characteristic on mobile phone usage, no

significant difference on mobile application frequency, mobile phone application

usage duration and their feeling on disturbing by mobile application notification

91.9% the participants use mobile phone application more than 5 time a day and

using mobile phone application from 30 minute to 1 hour a day. Almost all of them

98.9 % do not feel disturbing by mobile application notification. (Table 25).
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Table 26: Morisky Medication Adherence Scores (MMAS-8item) by item at baseline

(n=186)
EASY DM Usual Care
MMAS-8 by Items (n=93) (n=93) Prvalue
n % n %

1. Do you sometimes forget to take your pills? 91 97.8 91 97.8 0.999
[health concern] (Yes)

2. Do you sometimes miss taking their medications 55 59.1 54 58.1 0.999
for reasons other than forgetting? Over the past
2 weeks, were there any days when you did not
take your medication? (Yes)

3. Have you ever cut back or stopped taking your 21 22.6 23 24.7 0.863
medication without telling your doctor because
you felt worse when you took it? (Yes)

4. When you travel or leave home, do you 25 26.9 20 215 0.494
sometimes forget to bring your medication?
(Yes)

5. Did you take all your medication yesterday? 26 28 30 32.3 0.632
(Yes)

6. When you feel like your symptoms are under 1 1.1 2 2.2 1.00
control, do you sometimes stop taking your
medicines? (Yes)

7. Do you ever feel hassled about your treatment 40 43.0 35 37.6 0550
plan? (Yes)

8. How often do you have difficulty remembering to
take all your medicine?
Never 2 2.1 2 2.1 0.999
Once in a while 53 57 a1 4ad.1 0.089
Sometimes 38 40.9 50 53.8 0.090

Abbreviations: MMAS-8item, Morisky Medication Adherence Scores

Note: Data analyzed with Chi-square test

Table 26 showed information with regard to patients assessed by items of

Morisky Medication Adherence Scales. Characteristics of all of 8 items did not show



113

significant difference between intervention (EASYDM) and control group (Usual Care)

with (p>0.05).

Table 27: Comparison of participants’ Primary Outcome and Secondary Outcome
between EASYDM group and Usual care group at base line
(n=186)

QOutcome Total EASYDM Usual Care
p-value
(Mean+ SD) (n=186) (n=93) (n=93)

Primary outcome
Pill count medication )
73.35+6.93 72.72+7.42 73.97+6.383 0.299
adherence percentage,

MMAS score, Mean+ SD 4.57+0.60 4.61+£0.57 4.53+0.63 0.333 "

Secondary Outcome

HbAlc level, Mean+ SD 9.13+1.55 9.22+1.66 9.16+1.44 0.770 °

a

= Chi-square test for categorical data

b
= Independent t-test for continuous data

In assessing Diabetes Medication adherence scores with MMAS, it highlishted
the proportion of participants who are at risk of having low adherence scores and
high HbAlc in this study population. Most participants were practicing inappropriately
because they missed taking their medications, they cut or stopped taking their
medications in their own, they forgot medications during travel, they stopped
medications for they felt well, and they felt annoyed to take medications multiple
times on a long-term basis, etc. All these statements tended to lead to both
intentional (missing or altering medications dosage to their own needs) and
unintentional (forgetting taking medications as prescribed) nonadherence, the latter
was rather common in our study as evidenced in an earlier (Bosworth et al., 2011,

White et al., 2012; Wroe, 2002).
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4.3 Compare diabetes medication adherence scores, HbAlc level at baseline

and post intervention inter-intra intervention and control groups

4.3.1 Effects of EASYDM on self-reported MMAS, Pill count medication

adherence Percentage and HbAlc

Table 28: Comparison of Thai-MMAS across data collection points among EASYDM

and Usual care group

Time of data EASYDM Usual care
p-value
collection Mean +*SD Mean+ SD
Baseline 4.61 +0.572 4.53+0.636 0.333
1°* Month 5.81+0.958 5.40+1.124 0.008
2" Month 6.55+0.866 5.59+1.084 <0.001
3" Month 7.47+0.760 5.38+1.112 <0.001

Note: Independent t-test

After the intervention group had received the EASYDM application, comparing
the MMAS of different measurements (baseline, 1°t month, 2"¢ month, 3 month,
mean MMAS score were found significantly different between EASYDM group and
Usual Care group which was not significantly different at baseline comparison

(p=0.333) (Table 28).
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Table 29: Comparison of MMAS after EASYDM intervention by mixed between-within

ANOVA test

(n=186)
Source SS df MS F p-value N,
Between-subjects
Intervention 163.711 1 163.711 147502 <0.001 .445
Error 204.220 184 1.110
Within-subjects (S)
Time 347.778 3 115.926 156.868 <0.001  .460
Intervention*time 111.542 3 37.181 50.312 <0.001 .215
Error 407.930 552 .39

(S)= Sphericity Assumed, SS: Sum of squares, df: Degree of freedom, MS: Mean square

6.5
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Estimated Marginal Means (MMA Scores)

4.5

T
Baseline

T
Month 1

Time

T
Month 2

T
Month 3
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—— EASYDM
— Usual Care

Figure 19: Changes in mean MMAS across data collection points among EASYDM and

Usual Care group
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There was a statistically significant difference of MMAS between EASYDM
group and Usual Care group (p<0.001). Effect size was large (Np” =0.445). Within
subject testing revealed that there was a statistically significant difference between
measurements (p<0.001). Effect size was large (Np® =0.460). For interaction, there
was an effect of EASYDM application on change in mean MMA scores over four time

points (p<0.001). Effect size was large (Np” =0.251). (Table 29 and Figure 19)
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Table 30: Pairwise comparison of different measurements of MMAS at baseline,

1*"Month, 2" Month and 3™ Month

(n=186)
Mean
95%CI| mean
Group  Time (i) Time (j) difference SE p-value
difference
(i)
Baseline  1°'Month 1.194" 118 <0.001 876 1.511
Baseline 2™ Month 1.935 109 <0.001 1.642  2.229
Baseline 3 Month 2.860° 103 <0.001 2582  3.139
EASYDM
1"Month 2™ Month 742 094  <0.001 488 996
1"Month 3" Month 1.667 118 <0.001 1.349 1.984
2"Month 3 Month 925" 080  <0.001 710 1.984
Baseline  1°'Month 871 125 <0.001 533 1.209
Baseline 2" Month 860" 130 <0.001 509 1.211
Baseline 3" Month 849" 123 <0.001 517 1.182
Usual
Care . o
1"Month 2™ Month 011 155 0.999 -.407 428
1"Month 3 Month 022 171 0.999 -439 482
2"Month 3 Month 011 156 0.999 -.409 439

*The mean difference is significant at the .05 level.

b Adjustment for multiple comparisons: Bonferroni.
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There were statistically significant differences in MMAS of EASYDM group
between baseline and 1°Month (p<0.001), baseline and 2" month (p<0.001),
baseline and 3 month (p<0.001), 1*Month and 2" month (p<0.001), 1*Month and
39 month (p<0.001) and 2" month and 3 month (p<0.001) with mean difference
of 1.194, 1.935, 2.860, 0.742, 1.667 and 0.925, respectively. In Usual Care group, the
statistically significant differences in MMAS between baseline and 1°Month (p<0.001),
baseline and 2™ month (p<0.001), baseline and 3° month (p<0.001) were found
with mean difference of 0.871, 0.860 and 0.849, respectively; however, MMAS scores
were not statistically significant different when scores were compared between
1*Month and 2™ month (p=1.000), 1*Month and 3  month (p> 0.999) and 2"
month and 3@ month (p=1.000) with mean differences ranging from 0.011 to 0.022.

(Table 30)
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Table 31: Association of MMAS between EASYDM and Usual Care groups at 1°

month
(n=186)
Group MMAS of 1°" month RR p-value 95% Cl
<6 > 6 upper lower
EASYDM 68 (73.1) 25(26.9) 1.786 0.048 0.992 3.214

Usual Care 79 (84.9) 14(15.1)

Note: Chi square test

Number and percentage of patients with MMAS > 6 in the EASYDM group was
found to increase in the intervention (EASYDM group) with 25 (26.9%) vs 14 (15.1%),
p= 0.048 at 1" month and, risk of having MMAS > 6 was found as RR= 1.786, 95%Cl:

0.992-3.214) (Table 31).

Table 32: Association of MMAS between EASYDM and Usual Care groups at 2™

month
(n=186)
Group MMAS of 2"* month p- value RR 95% Cl
<6 > 6 upper lower
EASYDM 44 (47.3) 49 (52.7) <0.001 2.882 1.800 4.616

Usual Care 76 (81.7) 17 (18.3)

Note: Chi square test

Number and percentage of patients with MMAS > 6 in the EASYDM group was
found to increase in the intervention (EASYDM group) with 49 (52.7%) vs 17 (18.3%),
p<0.001 at 2" month. Risk of having MMAS > 6 was found as RR= 2.882, 95%CI:

1.800-4.616) (Table 32).
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Table 33: Association of MMAS between EASYDM and Usual Care groups at 3™

month
(n=186)
Group MMAS of 3 month  RR p-value 95% Cl
<6 > 6 upper lower
EASYDM 7(7.5) 86 (92.5) <0.001 4.526 3.018 6.788

Usual Care 74 (79.6) 19 (20.4)

Note: chi square test

Table33 showed number and percentage of patients with MMAS > 6 in the
EASYDM group and the scores increase in the intervention (EASYDM group) 86 (92.5%)

vs 19 (20.4%), p<0.001 at 34 month. Moreover, risk of having Thai-MMAS > 6 was

found as RR= 4.526, 95%Cl: 3.018-6.788) at 3 month.
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4.3.2 Effects of EASYDM on MMAS, pill count medication adherence percentage

and HbAlc

Table 34: Comparison of pill count medication adherence percentage across data

collection points among EASYDM and Usual Care group

Time of data EASYDM Usual Care
p-value
collection Mean +SD Mean +SD
Baseline 72.72+ 7.420 73.97+ 6.383 0.221
1°* Month 79.35+ 7.065 72.98+ 5.560 <0.001
2" Month 86.62+ 7.396 72.96+ 6.243 <0.001
3 Month 96.37+ 5.938 74.18+ 4.730 <0.001

Independent t-test

After the intervention group had received the EASYDM application, comparing
the pill count medication adherence percentage of different measurements
(baseline, 1°f month, 2" month ,3 month), mean pill count medication adherence
percentage was found significantly different between EASYDM group and Usual Care
group which was not significantly different at baseline comparison (p=0.221). (Table

34)
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Table 35: Comparison of pill count medication adherence percentage after EASYDM

intervention by mixed between-within ANOVA test

(n=186)

Source SS df MS > Ny’
value

Between-subjects
Intervention 19520.721 1 19520.721 296.334 <0.001 .617
Error 12120.841 184 65.874
Within-subjects (G)
Time 14778.894 2.803 5272.527  150.647 <0.001 .450
Intervention*time 14015.337  2.803 5000.119  142.863 <0.001 .437
Error 18050.964 515.752 34.999

(G)= Greenhouse-Geisser Assumed, SS: Sum of squares, df: Degree of freedom, MS: Mean square
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Figure 20: Changes in mean pill count medication adherence percentage across

data collection points among EASYDM and Usual Care group
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There was a statistically significant difference of pill count medication
adherence percentage between EASYDM group and Usual Care group (p<0.001). A
large effect size was observed (r]p2 =0.617) Within-subject testing revealed that there
was a statistically significant difference between measurements (p<0.001). A large
effect size was observed (I']|o2 =0.450) for interaction, there was an effect of EASYDM
application on change in mean pill count medication adherence percentage over
four time points (p<0.001). There was a large effect size (Np? =0.437). (Table 35 and

Figure 20)
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Table 36: Pairwise comparison of different measurements of pill count medication

adherence percentage at baseline, 1* month, 2" month and 3" month

(n=186)
Mean
95%CI| mean
Group Time (i) Time (j) difference SE  p-value
difference
(i)
Baseline 1**month -6.630* .895 <0.001 -9.043 -4.216
Baseline 2"™month  -13.895* 961 <0.001 -16.485 -11.304
Baseline  3“month -23.645* 957 <0.001 -26.227 -21.064
EASYDM
*'month  2"month -7.265* 699  <0.001 -9.151  -5.379
1*"month  3“month ~ -17.015* 907 <0.001 -19.460 -14.571
2"month  3“month -9.751* 771 <0001 -11.828 -7.673
Baseline  1'month .989 672 867 -.823 2.802
Baseline  2"month 1.013 871 0999 1337 3363
Usual  Baseline  3“month -.209 829 0999 2445  2.027
Care 1*'month  2"month .024 769 0.999 -2.050 2.098
*'month ~ 3“month -1.198 850 974 23491  1.095
2"month  3“month -1.222 825 851 -3.445  1.002

*The mean difference is significant at the .05 level.

® Adjustment for multiple comparisons: Bonferroni.

There were statistically significant differences in pill count medication

adherence percentage EASYDM group between baseline and 1¥month (p<0.001),

baseline and 2" month (p<0.001), baseline and 3“month (p<0.001), 1*'month and

2" month (p<0.001), 1¥month and 3“month (p<0.001) and 2"* month and month 3

(p<0.001). However, there was no such statistically significant differences in pill count

medication adherence percentage of Usual Care group measured at different times

(p0.999). (Table 36)
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4.2.3 Effect on HbA1c level

Table 37: Comparison of intra- and inter- group of HbAlc changed from the baseline

to the end of intervention

(n=186)
EASYDM (n=93) p-value * Usual Care (n=93)  p-value ® p-value °
Variables
Baseline End Baseline End
HbAlc 9.22+1.66 6.87+1.13 <0.001 9.16+1.44 9.55+1.69 0.052 <0.001

Note: Paired t-test for within-group comparison; Independent t-test for between group

comparisons

Abbreviations: HbAlc, Glycated hemoglobin Alc
 Changes between baseline and end of intervention in EASYDM group.
® Changes between baseline and end of intervention in Usual Care group.

¢ Changes between EASYDM and Usual Care groups at the end of intervention.

With HbAlc compared within group, there was a significant reduction in mean
HbAlc level from baseline to the end of intervention (measured at 3“month in
EASYDM group (9.22+1.66 vs 6.87+1.13, p<0.001); however it was not significant in
Usual Care group (9.16+1.44 vs 9.55+1.69, p=0.052). HbA1lc level between groups at
3“month was significantly reduced in EASYDM group as compared to that of Usual

Care group (6.87+1.13 vs 9.55+1.69, p<0.001). (Table 37)
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Table 38: Association of HbAlc between EASYDM and Usual Care groups at
3month
(n=186)
HbA1lc at 3 month 95% Cl
Group p-value RR
<6.5 > 6.5 upper lower
EASYDM 41 (44.1) 52 (55.9)
<0.001 41.667 5.759 291.885
Usual Care 1(1.1) 92 (98.9)

Note: Chi-square test

At 3" month, number, and percentage of patients with HbAlc < 6.5% was

found to be higher in the EASYDM group than Usual Care group 41 (44.1%) vs 1

(1.1%), p<0.001. Moreover, risk of having HbAlc < 6.5% in EASYDM was found as RR=

41.00, 95%Cl: 5.76-291.88). (Table 38)

This finding provided benefit to uncontrolled diabetes patients who used to

EASYDM intervention group. EASYDM improved their diabetes medication adherence

among uncontrolled diabetes patients on the effect of smartphone apps for diabetes

self-management medication remainder found an overall found to be higher in the

EASYDM group than Usual Care group 44.1% vs 1.1%, p<0.00lin hemoglobin Alc

(HbA1lc) levels.



CHAPTER V

DISCUSSION

The study presents an effectiveness of mobile application (EASYDM) for
diabetes control among uncontrolled diabetes patients attending primary care unit.
EASYDM integrates smart phone and primary care unit EASYDM administrator portal
to improve the management of diabetes control. This chapter aim to achieve the

result and discussion part of the study as follow:

5.1 Management of Study
5.2 Pre-Intervention: EASYDM Mobile Application Developing Process
5.3 Result of the study

5.3.1 General Characteristics of participants

5.2.2 Self-reported Thai MMAS-8 scores and HbAlc improvements

5.4 Test of Hypothesis

5.1 Management of Study

The study revealed that using EASYDM application among uncontrolled
diabetes patients has shown the increase of self-reported MMAS scores and,
reduction of HbAlc level significantly during the 3 months trial compared to Usual
Care group. Thai MMAS scores did not increase in the Usual Care group while it was
increased in the EASYDM group when scores before and after intervention were
analyzed. Pill count medication adherence Percentage was also increased
significantly in EASYDM group as compared with Usual Care. Additionally, HbAlc level
was reduced significantly in the EASYDM group following trial intervention, however,

Usual Care group yielded no reduction in HbAlc level. The finding also showed that
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chance of having Thai MMAS scores > 6 at 3@ month of the trial was significant
(RR=4.526, 95%Cl: 3.018-6.788) and, likelihood of HbAlc reduced < 6.5 in the EASYDM
was found as (RR=41.667, 95%Cl: 5.759-291.885). The development of EASYDM app
with contents and functions mainly designed to improve MMAS scores has been
effective in both reduced HbAlc and improved MMAS scores in this trial., the results
could pave the were that the rising diabetes at an uncontrolled status from

medication non-adherence in PCU can be influenced by EASYDM application usage.
The study was managed in 4 phases:

1) phase 1: Pre-intervention that include research assistant training and

baseline data collecting
2) Phase 2: Application development
3) Phase 3: Intervention implementation

4) Phase 4: Evaluation

Phase of the Study

Phase I Pre-Intervention
Step 1: 1% Research assistants training nERa,,
Step 2: Baseline data collecting %

Phase IV Evaluation & Report
Data analyzed and compare between- and Phase II App Development
within-group difference on Step 1: Problem base development
- MMAS Step 2: Figure out about the application
- Pill count medication adherence percentage Step 3: Application developing
- HBAC Step 4: Test & Receive Feedback
A :
)
&
.G
. Phase III Intervention Implementation ..’
“=x:1 Stepl: 21 Research assistants training A
Step2: Intervention implementation

Figure 21: 4 phases of study Management and flow
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5.2 Pre-Intervention: EASYDM Mobile Application Developing Process

584 out patients with type2 diabetes in 2 primary care units and 8 primary
care unit staff who work with diabetes patients in Sai Mai district, Bangkok, Thailand’s
accessibility and requirement and the result were discussed with mobile application
developer and diabetes expertise to develop EASYDM application. After survey, brief
content of EADYDM were figured out and developed to 1% draft EASYDM and pilot
implemented the application to 30 diabetes patients in the other primary care unit
with the same cortex. Then collect the application complains and suggestions and

adjust the application again before effectiveness evaluation.

The information from the survey were incorporated to EASYDM application
development, which then be evaluated to examine its effectiveness in diabetes
control of diabetic patients at Primary Care Units in Thailand. Brief picture EASYDM
would be like smart medication reminder, reminder system notifications medication
to avoid missing medication, more advanced setting services, and the ability to
supply data on the phone and work offline for management of complex for
Uncontrolled Diabetes medical conditions attending Primary Care Unit that not only
remind but could be track their medication adherence behavior with these following

function.

1) Reminders buzzle for reminding diabetes patients’ medication taking times.
(Frequency of notifications are depended on diabetes patient’s medication
prescription and this notification buzzle also able to close occasionally and could be
turned to notify in vibration mode too. When the notification had been closed more
than 24 hours, it could restart the notification mode itself automatically)

2) Recent health index (BMI/ BP/other chronic illness)

3) Patient-primary care unit communication channel



130

4) Smart coaching

5) Adherence appraisals (graph/table/daily notification)

6) Laboratory information

7) Application manage and monitoring screen at primary care unit server
computer (could monitor every application user and primary care unit pharmacist
could also tracking the patient medication adherence daily, we will do pilot
implement the application in 30 diabetes patients in the other primary care unit.
Then collected the application’s problem from user’s complains and suggestions.

From the collected list, adjust the application again before launch.

In Phase 2: Application development; 584 outpatients with type2 diabetes in
2 primary cares unit and 8 primary care unit staff who work with diabetes patients in
Sai Mai district, Bangkok, Thailand’s accessibility and requirement and the result were
discuss with mobile application developer and diabetes expertise to develop
EASYDM application. After survey, brief content of EADYDM were figured out and
developed to 1% draft EASYDM and pilot implement the application to 30 diabetes
patients in the other primary care unit with the same cortex. Then collect the
application complains and suggestions and adjust the application again before

effectiveness evaluation.

5.3 Result of the study

5.3.1 General Characteristics of participants

Baseline characteristics of 186 participants in this trial were comparable with
no significant difference between intervention (EASYDM) group and Control (Usual
Care) group. Mean age of participants were over 50 years which is the age period

mostly hit by diabetes. In middle income country including Thailand, it was reported
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that the highest proportion of deaths resulting from high blood glucose occurred at
the age after 50 years and 43% of all deaths from high blood glucose happened
before 70 years (WHO, 2016). Income level of participants were around 10,000 THB,
which can be categorized as fairly poor because lack of finance was found to be
associated with poor adherence (Aminde et al, 2019) : High body weight is
considered to be risky for non-communicable diseases including diabetes, mean BMI
of participants were 24 which suggested diabetes becomes prevalent even in normal
BMI people. Additionally, longer duration of diabetes diagnosed (> 6 years) with
higher HbAlc level (> 9%) in this study pointed out that having lower adherence
score (<5 MMAS score) are related with such unfavorable outcomes as evidenced by
a recent study (Lin, Sun, Heng, Chew, & Chong, 2017b). Comorbidity such as
hypertension was found in nearly 70% of study population which is quite consistent

with the fact that non-communicable diseases are coexisting.

Eligible patients of 186 were included in the study and no lost to follow-up in
3 months trial period (Figure 1). Patients were female (68.8%). Mean age+ SD years
was 52.52+6.25 years and most participants had middle (38.7%) and secondary
(32.3%) education. Most patients (84.9%) were married with smoker (87.6%) and
drinker (33.3%). Mean duration+ SD years of diabetes diagnosed was 6.94+ 4.50 with
HbAlc level (9.13+1.55). Sixty nine percent were hypertensive and 25% of patients
had dyslipidemia. All variables did not significantly differ between groups (p>0.05).
Mean (£SD) duration of diabetes (6.59+4.29 vs 7.29+4.70 years, HbAlc level
(9.22+1.66 vs 9.16+1.44); and Morisky Medication Adherence scores (4.61+0.57 vs
4.53+0.63) were not significantly different between intervention and control group
(p>0.05) (Table 1). Information with regard to patients assessed by items of Morisky

Medication Adherence Scales.
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5.3.2 Self-reported Thai MMAS scores, pill count medication adherence

percentage and HbA1lc improvements

Adherence is defined as “the extent to which a person’s behavior-taking
medication, following a diet, and/or executing lifestyle changes-corresponds with
agreed recommendations from a health care provider” (Sabaté, 2003). Medications
tailored to specific diseases might vary in dosage, time, frequency, interval, and
durations, etc. Medication adherence can be measured with several scales where
Morisky Medication Adherence Scale is the one commonly used. Medication
adherence is vitally crucial in curing diseases (e.g., infections) and managing a chronic
disease (e.g., diabetes) to be at optimal status. Chronic diseases such as diabetes
require more adherence to medication to delay its complications. In our study,
medication adherence was shown to be improved well and HbAlc level was
reduced significantly in the group where EASYDM is used. This finding is consistent
with previous research. In case of adherence to diabetes medications, higher
adherence is associated with better control of diabetes and fall of HbAlc (Aloudah

et al,, 2018; Farmer et al., 2016; Lin et al., 2017).

In assessing self-reported MMA scores with Thai version Morisky Medication
Adherence Scale, it highligshted the proportion of participants who are at risk of
having low adherence scores and high HbAlc in this study population. Most
participants were practicing inappropriately because they missed taking their
medications, they cut or stopped taking their medications in their own, they forgot
medications during travel, they stopped medications for they felt well, and they felt
annoyed to take medications multiple times on a long-term basis, etc. All these
statements tended to lead to both intentional (missing or altering medications

dosage to their own needs) and unintentional (forgetting taking medications as
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prescribed) nonadherence, the latter was rather common in our study as evidenced

in an earlier (Bosworth et al.,, 2011; White et al., 2012; Wroe, 2002).

Data analysis was done by statistic package for the social science. Descriptive
statistics for baseline characteristics were used (t-tests, chi square tests). Analytic
statistics will be used to compare between- and within-group differences. Variables
are Morisky Medication Adherence Scores (MMAS) in Morisky Medication Adherence
Scale (Thai version) which was analyzed by paired t- test for within group
comparison; and independent t-test for between group comparisons as necessary.
Normality tests were employed to test normal distributions of data in continuous
scales. For monthly MMAS measurements, repeated measure ANOVA will be used
and post-hoc test run to investigate which eroup differs when specific group occurred
between groups when statistically significant difference in group means were
revealed. One-way ANOVA and two-ways ANOVA statistics were used as necessary.
HbAlc level was analyzed by paired t-test for within group comparison; and
independent t-test for between group comparison. pill count medication adherence
percentage was analyzed by paired t-test for within group comparison; and
independent t-test for between group comparisons. P-value of less than 0.05 was

determined as statistically significant.

With HbAlc compared within group and between group, there was a
significant reduction in mean HbAlc level from baseline to the end of intervention
(measured at 3“month) in EASYDM group (9.22+1.66 vs 6.87+1.13, p<0.001); however,
it was not significant in Usual Care group (9.16+1.44 vs 9.55+1.69, p=0.052). When
comparing HbAlc between groups at3 @ month, it was significantly reduced in

EASYDM group as compared to Usual Care group (6.87+1.13 Vs 9.55+1.69, p<0.001)
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Repeated measures ANOVA test was used to assess changes in mean MMAS
scores across 4 times points in each EASYDM and Usual Care group. For EASYDM
group analysis, mean MMAS scores significantly differed between months of data
collection F (3, 276) = 267.784, p<0.001, npz = 0.744. Post hoc test with Bonferroni
correction revealed that MMAS scores increase on average of 1.194 from baseline to
month one (p<0.001), and additional significant increase of 0.742 and 0.925 was
found from 1% month to 2" month (p<0.001) and from 2" month to 3 month
(p<0.001) respectively. For Usual care group analysis, mean MMAS scores significantly
differed between points of data collection F (3, 276) = 17.734, p<0.001, I’]p2 = 0.162.
However, Post hoc test with Bonferroni correction showed that MMAS scores increase
on average of 0.871 from baseline to month one only (p<0.001), then no significant
increase was found from 1% month to 2" month (0.011) and 3 month (0.011) at

(p>0.100) (Table 24 ).

Exploring the effect of intervention in MMAS scores across 4 times of
measurement and change in MMAS scores across 4 time points by using Mixed
between-within subject analysis of variance test, interaction effect was observed with
increasing MMAS scores between groups at F (3, 182) = 52.497), p<0.001, npz =0.464.
Moreover, significant increase in MMAS scores in EASYDM group having its increase
across time points compared to Usual Care group (F (3, 182) = 147.502), p<0.001, I’]p2
=0.445 (Table 4). Figure 2 further described the increase of MMAS in EASYDM group

compared to Usual Care group.

Another measurement of medication adherence is pill counts where pill
count medication adherence percentage are calculated by the number of pills
absence in a given time period, month in this study, divided by the number of pills
prescribed by the physician the month. The adherence is considered when patients’

adherence percentage was more than 80%. In our study, the mean pill count
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medication adherence percentage was only 73.35+6.93 which was found to be
successively increased in measurements at different time points. It was also found
that between-group comparison was significantly different among groups with
improvement larger in the EASYDM group than the Usual Care group. Reviews up to
dates conservatively mentioned that applications for medication adherence have
positive effect (Armitage, Kassavou, & Sutton, 2020) and can be possible strategy
(Dayer, Heldenbrand, Anderson, Gubbins, & Martin, 2013). Among previous studies of
mobile app, the AdheredU application was shown no effectiveness in adherence to
immunosuppressive drugs in renal patients (Han et al,, 2019). Moreover, a recent
reviews highlighted that for chronic diseases, there was the inconsistency of effects
of interventions on medication adherence on the long term although the short term
effects have been seen in interventions such as counselling, written information and
personal phone calls. For long term adherence, use of methods from the simple to
combinations of several methods (reminders, psychological therapy, self-monitoring,
crisis intervention and a manual telephone follow-up, etc.,) showed no effectiveness

(Nieuwlaat et al., 2014).

Mobile technology has been regarded as one important option in controlling
diabetes (Hood et al., 2016; Wroe, 2002) out of multidisciplinary approach. A Web-
based intervention to change patients’ dietary habits has proved effective not only in
diabetes knowledge scores but also HbAlc levels (Ramadas, Chan, Oldenburg,
Hussein, & Quek, 2018). Moreover, a study to evaluate effect of mobile application
combined with text message on self-management and HbAlc among type 1 diabetes
shows positive impact on glycemic control (Kirwan, Vandelanotte, Fenning, & Duncan,
2013). A study in rural Pakistan which investigated the effect of mobile phone
intervention on glycemic control also revealed that HbAlc level is significantly
reduced (Shahid, Mahar, Shaikh, & Shaikh, 2015). Mobile application in our study has

had positive effect on MMAS scores and HbAlc for the fact that participants in our
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study always responded to the reminder buzz which indicated that prescribed
medication was taken regularly. However, our result is contradicted to the result of a
study conducted by Agawal et al in which glycemic parameters were not significantly
different between control and intervention groups following introduction of mobile
application BlueStar mobile app (Agarwal et al., 2019).

Diabetes, a metabolic disease, requires multidisciplinary approach so as to
manage it properly by controlling blood sugar level as it possesses several risks
factors. Risk factors of diabetes are commonly overweight, high fat accumulation,
sedentary lifestyles, growing age and hereditary. Most of these risk factors can be
modified by simple lifestyles changes such as taking regular exercise, following
balanced diet and choosing healthy activities. Additionally, surgical or medication
means are used to delay these risks. Sustainability of activities are important which
has enormous benefits both in maintaining optimal blood sugar level and prevention
of hypertension, hyperlipidemia, heart diseases, strokes and renal complications
altogether achieved (Davies et al., 2018).

Diabetes of uncontrolled status can be reflected by an increase of HbAlc
which indicates the long-term glycemic status. HbAlc is also correlated with risks of
complications from diabetes. This biomarker has normal range of 4.0%-5.6% and pre-
diabetes occupies 5.7%- 6.4% (Sharig | Sherwani, Haseeb A Khan, Aishah Ekhzaimy,
Afshan Masood, & Meena K Sakharkar, 2016). Those with HbAlc 6.4% or higher are
diabetic and they are in need of proper care including oral hyposglycemic agents.
Common drugs for diabetes are in several preparations of Metformin which decrease
glucose production from liver, reduces intestinal absorption of glucose and improves
peripheral utilization of glucose; Sulfonylurea which stimulates insulin production
form pancreas; Thiazolidinedione which increase insulin sensitivity; and Insulin which
is the key hormone in regulating blood glucose. Other drugs such as lipid lowering

agents, drugs for cardiovascular diseases and hypertension are jointly used to have
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adjuvant effects in diabetes care (Chaudhury A & Montales MT, 2017; Davies et al,,
2018). Although taking medications as prescribed by health professionals proves
beneficial, there are several factors associated with non-adherence to medications
among patients are reported (Almaghaslah et al., 2018; M. T. Brown & Bussell, 2011,
Elsous et al, 2017; Kavitha et al., 2017). Therefore, coupling diabetes drugs with
lifestyles modification proves to be more beneficial in controlling diabetes and its
complications. Furthermore, improving trust of patients on the provider (physician,
health system) plays vital in nonadherence problems (M. T. Brown et al., 2016).
EASYDM mobile application was developed through out mobile application
development process. This mobile application includes features such as personal
information, information, motivation and behavioral-change related provisions,
records and response functions, all which focus on optimal diabetes control with
emphasis on medication adherence. The intervention base on EASYDM to enhance
medication adherence were compared to diabetes patients in primary care unit who
didn’t receive the intervention. Therefore, the discussion in this part base on

theoretical framework and methodology issue.

Changing lifestyles of Thai population leading causes of chronic diseases that
likely cause more morbidity, disability, and mortality. Diabetes is one of lifestyle
disease that harm Thai health and cause substantial healthcare burden and

economic loss. Thailand 10" and 11"

National Economic and Social Development
Plan addressed the importance of Diabetes in health care cortex as a lifelong
problem, without cure but with proper care can be managed.(Chatchalit Rattarasarmn,
2013) having to support policy on universal health care coverage at the primary care
level to provide diabetes care, primary care unit plays the important role on diabetes

management especially in the community (Sarinyaporn Phuangngoenmak, Wonpen

Keawpan, Panan Pichayapinyo, & Hangwong, 2019). Primary care unit and their staff
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continuous monitoring and improvement service to provide the proper care to
diabetes patients but uncontrolled diabetes patient rate still high. Medication
adherences affect by many factors include patients, health care staff and health
system. Basic intervention and study methodology for improving medical adherence
were varieties. For example, to improve intentional medication adherence like
educational intervention, clinical pharmacist consultation and incentives to promote
medication adherence or to improve unintentional medication adherence like
medication taking reminder. Previous study found that unintentional medication
adherence related to uncontrolled diabetes (Nouf M. Aloudahl et al., 2018). As
technology exploding, the number of smartphone users in Thailand rise (Puriwat &
Tripopsakul, 2017) and almost all primary care unit clients own a mobile phone, and
even more are connected online. Although there are many mobile applications in
the market, some are contents and features systemic evaluated for diabetes mellitus
self-management but almost all application use with other expensive and
complicated diabetes self-management tools like blood glucose self-monitor, less
emphasized on diabetes drug adherence issue for diabetes management and no
connectivity cannel between health care provider and diabetes patients. EASYDM
mobile application was developed to provide drug reminder service with diabetes
medication information, medication adherence appraisal graph and patient-primary

care unit commmunication channel.

The study revealed that using EASYDM application among uncontrolled
diabetes patients has shown the increase of MMAS scores and, reduction of HbAlc
level significantly during the 3'@ months trial compared to Usual Care group. MMAS,
wish is subjective indirect medication adherence measurement, did not increase in
the Usual Care group while it was increased in the EASYDM group when scores

before and after intervention were analyzed. Moreover, objective indirect medication
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adherence as pill count medication adherence percentage increase in EASYDM group
while slightly increasing Usual care group in 1 month and steady after that
(Figure19). This phenomenon could be explained like placebo effect, genuine
psychological phenomenon attribute to over study context. At baseline when control
group were data collected, they were stimulated and felt like they get intervention
too but after that this stimulant effect reduce by time Additionally, HbA1c level was
reduced significantly in the EASYDM group following trial intervention, however, Usual
Care group yielded no reduction in HbAlc level.

The finding also showed that chance of having MMAS > 6 at 3" month of the
trial was significant (RR=4.526, 95%Cl: 3.018-6.788) and, likelihood of HbAlc reduced
< 6.5 in the EASYDM was found as (RR=41.667, 95%Cl: 5.759-291.885). The
development of EASYDM application with contents and functions mainly designed to
improve MMAS has been effective in both reduced HbAlc and improved MMAS in

this trial.

5.4 Test of Hypothesis

Null Hypothesis: There is no significant difference between intervention group
and control group after implementation of mobile application (EASYDM) on
improving diabetes medication adherence among uncontrolled diabetes patients in

primary care units in Bangkok, Thailand.

Alternative Hypothesis: There is significant difference between intervention
group and control group after implementation of mobile application (EASYDM) on
improving diabetes medication adherence among uncontrolled diabetes patients in

primary care units in Bangkok, Thailand.
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The participants were recruit from exclusion and inclusion criteria and were

random divided into two groups

1) Control group: Participants randomized to the control group were not
received any intervention from the researcher but received the same usual diabetes
education (DMAS) provided by diabetes care team of primary care unit. The study
duration is 3 months with assessments that will occur at base line, 1% month, 2"

month and 3" months after enrollment.

2) Intervention group: Research assistants installed EASYDM application in
intervention group’s most used mobile phones, EASYDM application demonstrated
and trained the participants on EASYDM application. Participants in the intervention
group have to sign contract about contaminating prevention before implement the
study, and intervention group receive the same usual diabetes education (DMAS)
provided by diabetes care team of primary care unit. The study duration is 3 months
with assessments that will occur at base line, 1% month, 2" month and 3“months

after enrollment.

Data analysis was done by statistic package for the social science. Descriptive
statistics for baseline characteristics were used (t-tests, chi square tests). Analytic
statistics will be used to compare between- and within-group differences. Variables
are Morisky Medication Adherence Scores (MMAS) in Morisky Medication Adherence
Scale (Thai version) which was analyzed by paired t- test for within group
comparison; and independent t-test for between group comparisons, as necessary.
Normality tests were employed to test normal distributions of data in continuous
scales. For monthly MMAS measurements, repeated measure ANOVA will be used
and post-hoc test run to investigate which group differs when specific group occurred

between groups when statistically significant difference in group means were
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revealed. One-way ANOVA and two-ways ANOVA statistics were used as necessary.
HbAlc level was analyzed by paired t-test for within group comparison; and
independent t-test for between group comparison. pill count medication adherence
percentage was analyzed by paired t-test for within group comparison; and
independent t-test for between group comparisons. P-value of less than 0.05 was

determined as statistically significant.



CHAPTER VI

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

In order to investigate the effectiveness of mobile application (EASYDM) on
diabetes control focusing on diabetes medication adherence among uncontrolled
type 2 diabetes patients. Two arm randomized controlled trial was conducted, and
the study has provided evidence that EASYDM mobile application is beneficial in
improving medication adherence which is followed by reduced HbAlc level among
uncontrolled diabetes patients in Thailand. MMAS scores and pill count medication
adherence percentage in EASYDM group are significantly increased along with the
time course of the trial compared to Usual Care group. Also, HbAlc level in EASYDM
group was significantly reduced when comparing with Usual Care group. Since the
participants age were over 50 years and HbAlc level were greater than nine. In this
study, the results will pave the way to terminate rising diabetes at an uncontrolled
status from medication non-adherence in PCU by EASYDM application usage. The

conclusions are as following

Using EASYDM application among uncontrolled diabetes patients has shown
the increase of MMAS scores, pill count medication adherence percentage and
reduction of HbAlc level significantly during the 3 months trial period compared to
Usual Care group. The development of EASYDM app with contents and functions
designed mainly to improve diabetes medication adherence (MMAS, pill count
medication adherence percentage) has been effective in both reduced HbAlc and

improved MMAS scores in this trial.

Diabetes, a metabolic disease, is required multidisciplinary approach to

manage properly by controlling blood sugar level as it possesses several risks factors.
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Risk factors of diabetes are commonly overweight, high fat accumulation, sedentary
lifestyles, growing age and hereditary. Most of these risk factors can be modified by
simply changing lifestyles such as taking regular exercise, following balanced diet and
choosing healthy activities. Additionally, surgical or medication means are used to
delay these risks. Sustainability of activities are important which has enormous
benefits both in maintaining optimal blood sugar level and prevention of
hypertension, hyperlipidemia, heart diseases, strokes and renal complications

altogether achieved (Davies et al., 2018).

Diabetes at uncontrolled state can be reflected by an increase of HbAlc
which indicates the long-term glycemic status. HbAlc is also correlated with risks of
complications from diabetes. This biomarker has normal range of 4.0%-5.6% and pre-
diabetes occupies 5.7%- 6.4% (Sharig | Sherwani et al., 2016). Those with HbAlc 6.4%
or higher are diabetic and they are in need of proper care including oral
hyposglycemic agents. Common drugs for diabetes are in several preparations of
Metformin which decrease sglucose production from liver, reduces intestinal
absorption of glucose and improves peripheral utilization of glucose; Sulfonylurea
which stimulates insulin production form pancreas; Thiazolidinedione which increase
insulin sensitivity; and Insulin which is the key hormone in regulating blood glucose.
Other drugs such as lipid lowering agents, drugs for cardiovascular diseases and
hypertension are jointly used to have adjuvant effects in diabetes care (Chaudhury A
& Montales MT, 2017; Davies et al., 2018). In addition, coupling diabetes drugs with
lifestyles modification proves more satisfied control of diabetes and its

complications.

Adherence is defined as “the extent to which a person’s behavior-taking
medication, following a diet, and/or executing lifestyle changes-corresponds with

agreed recommendations from a health care provider” (Sabaté, 2003). Medications
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tailored to specific diseases might vary in dosage, time, frequency interval and
durations, etc. Medication adherence can be measured with several scales of which
Morisky Medication Adherence Scale is the one commonly used. In case of
adherence to diabetes medications, higher adherence is associated with better
control of diabetes and fall of HbAlc (Aloudah et al., 2018; Farmer et al.,, 2016; Lin,
Sun, Heng, Chew, & Chong, 2017a). Although taking medications as prescribed by
health professionals proves benefits, there are several factors associated with non-
adherence to medications among patients are reported (Almaghaslah et al., 2018; M.

T. Brown & Bussell, 2011; Elsous et al., 2017; Kavitha et al., 2017).

Mobile technology has steeped in as one option in controlling diabetes out of
multidisciplinary approach. A" Web-based intervention to change patients’ dietary
habits has proved effective not only in diabetes knowledge scores but also HbAlc
levels (Ramadas et al, 2018). Moreover, a study to evaluate effect of mobile
application combined with text message on self-management and HbA1 among type
1 diabetes shows positive impact on glycemic control (Kirwan et al., 2013). A study in
rural Pakistan which investicated the effect of mobile phone intervention on
glycemic control revealed that HbAlc level is significantly reduced (Shahid et al,,
2015). Mobile application in our study has also had positive effect on diabetes
medication adherence (MMAS scores, pill count medication adherence percentage)
and HbAlc. However, our result is contradicted to the result of a study conducted by
Agawal et al, in which glycemic parameters were not significantly different between
control and intervention groups following introduction of mobile application BlueStar

mobile app (Agarwal et al., 2019).
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6.2 Benefits of Study

Health Mobile Application become the newest health technology that been
promoted as instruments to improving the efficiency, cost effectiveness, quality, and
safety of health care service. Previous literatures also reviewed on assessing the
published evidence about the costs and benefits of health systems found that
technology potential revolutionized health system. Goldzwei (2009) (Caroline Lubick
Goldzweig, Ali Towfigh, Margaret Maglione, & Paul G. Shekelle, 2009) early era of
health technology, concluded that health technology benefits was limited only in
few large health technology organization that generated health technology on
implemented multifunctional, interoperable electronic health records (EHRs) include
computerized physician order entry (CPOE), decision support systems, and other
functions. In this period health technology were specific and quite expensive to
increase efficiency (SMS appointment reminders, Internet-based cognitive behavioral
therapy), some to improve quality (Web-based diabetes management), and some to
provide more accessible care for difficult-to treat problems (alcohol abuse and

eating disorder sites).

Health technology in this era in real-world implementations quite
complicated. According to Kieran Walshe’s study, technology theory evaluation
would be first emphasized on how implementation might work, and then design an
evaluation to test the theory. Theory examination must be concern in many levels
on health care providers, many different health care cortexes. Less data on the cost-
benefit calculation of actual implementation in this era and cost on technology still
high. It is not a coincidence that organizations that both pay for and deliver health

care have adopted health IT at greater rates than organizations that only deliver care.
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Mobile phone users had raised from less than 1 billion in 2000 to more than
7 billion in 2015, corresponding to a penetration rate of 97% worldwide. (Brahima
Sanou, 2015). Therefore, this opportunities on health technology could be assist
patients to use their smartphones for their health management. Integrated health
care service with health mobile application to address disparities and inequities in
health service access and delivery, geographic barriers, shortage of health care

providers, and high health care costs.

Mobile health (mHealth) is health digital platform that medical and public
health practice supported by mobile devices, such as mobile phones, patient
monitoring devices, personal digital assistants (PDAs), and other wireless devices.
(Rinaldi G., Hijazi A., & Haghparast-Bidgoli H.s, 2020) systemic review on cost and
cost-effectiveness of mHealth interventions for the prevention and control of type 2
diabetes mellitus found that there is some evidence on the effectiveness of
mHealth interventions in non-communicable disease such as diabetes and
cardiology, evidence on cost and cost-effectiveness evidence of these interventions
and provide evidence to close significant eap in the literature addressing the costs
and cost-effectiveness of mHealth interventions targeted at type2 diabetes. Results
from both full and partial economic evaluations. Summaries the cost and cost-
effectiveness of mHealth interventions will provide useful information for policy

makers when designing and implementing these interventions.

In addition to establishing the effectiveness of these interventions it is also
crucial to understand their economic impact given the growing recognition across the
globe that resources are finite. Economic evaluations can guide policymakers and
funders in determining whether evidence supports wider adoption of mHealth

interventions. Such evaluations identify and compare alternative interventions and
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assess incremental impact on health outcomes and their costs (differences between

intervention under study and comparator intervention).

EASYDM application tailor by Thai application developer after mobile
application requirement and accessibility survey on both health providers in PCU
who works with diabetes patients and diabetes patients serviced at PCU. EASYDM
integrated mobile application with PCU diabetes care that is also medication
reminder, medication adherence tracker and communication channel between
diabetes patients and PCU. The application cost around 2500 USS$ trough out
surveying and developing process while included all patient-related outcomes,
including but not limited to participant satisfaction; self-efficacy; participant
assessments of usability of apps; costs; clinical outcomes such as HbAlc, blood
pressure, weight loss, physical activity; quality of life; functionality; incidence of
hyposlycemic and hyperglycemic episodes; harms and adverse events; and all-cause
death. We excluded provider outcomes, health system outcomes, and technology

performance outcomes such as malfunctions and crash statistics.

Randomized Controlled Trial design is used to maximize the effect size of
the intervention, and the content of EASYDM is designed in accordance of the needs
and inputs at the PCU level. Moreover, EASYDM Application with reminder alerts is
developed in Thai and English languages, of which contents are reviewed and
validated by experts for local needs. Medication adherence is measured with Morisky
Medication Adherence Scale, supported by objective results of HbAlc level. so,
these could reduce the risk to have the morbidity, mortality, cost of these diseases,
cardiovascular disease, diabetic neuropathy, and other health problems that related

with uncontrolled diabetes.
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6.3 Strength of Study

Several strengths in this study, firstly Randomized Controlled Trial design was
used to maximize the effect size of the intervention, the participants in the both of
intervention group and control group should be similar in all socio-demographic
characteristic, characteristic on mobile phone usage, no significant difference on
mobile application frequency ,Thai- MMAS-8 item, pill count medication adherence
percentage and HbAlc at the base line before starting the intervention, an intent-to-
treat analysis which is a way of decreasing the chances that may be overestimating
the effect of an intervention. Second, the health policy was changed to improve
access to modern medical care to prevention services and controlling non
communicable diseases such as diabetes. EASYDM application with reminder alerts
was single user, developed in Thai and English languages, of which contents were
reviewed and validated by experts for local needs and the contents of EASYDM were
designed in accordance with the needs, Patients will be able to use healthcare apps
more easy, inputs at PCU level. Responses were monitored by technician on
computer ensuring high adherence. Third, Medication adherence was measured
subject with Thai version Morisky Medication Adherence Scale and measured pill
count medication adherence percentage object to investigate medication adherence.
which reflect to HbAlc level, EASYDM is an innovative way to deliver health
information that can help the healthcare providers to improve health outcomes with
the cost of managing diabetes-related complications. less time, convenience and
present study was a high response rate. Fourth, the results of this study Long-term
financial sustainability useful in the management of diabetes among uncontrolled
diabetes in PCU, The Primary care unit charged beneficiaries a no co-payment for
treatment by Thailand universal healthcare coverage scheme allocates funding

through the universal coverage, National Health Security Office (NHSO Thailand). also
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paid attention to the importance sues as uncontrolled diabetes. To provide better
services, Smart phones make it to chances for reducing costs and increasing success
by providing free medical care services to improve the efficiency and the
effectiveness of health care processes. EASYDM function at the real time of taking
the medication. reduces medication errors such as the medication administration in
the improper, time dose, or wrong medication administration. diabetes management
include contributions from multidisciplinary health professionals. Moreover, the study
may provide evidence for future research on how to modify to apply applications on

a larger scale

6.4 Limitations of this study

The study has limitations that EASYDM was not available on iOS, and trial
duration of 3 months was short which might require further evaluation on
sustainable effect of this application by conducting trials with long trial duration.
Moreover, only MMA scores, pill count medication adherence percentage and HbAlc
parameter were included in the outcomes. Therefore, other parameters reflecting
diabetes mellitus status should be focused in later developments. The self-reported
scores would have lower quality than other computer-based measurements record.
Also, additional trials with larger sample size in different settings could be required to
investigate the credibility of EASYDM as current sample size was calculated based on

available parameters previously.

One character of EASYDM application that both strength and weakness is its
design. EASYDM application include individual user’s communication channel. In fact,
the average EASYDM duration is 72 seconds per day per person. In comparison, the
study shows that on desktop, pharmacist’s average duration on question and answer
session is 2 minute per session and average communication session of EASYDM on

desktop is 20 questions a day from only 93 diabetes patients. How this could run on
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more than this user amount. Although this individual made the participants loyal and
feel responsible to continuous using EASYDM, that is why no participant lost during
the study, but theses could interrupt pharmacist and the other staff routine task.
Implementation of EASYDM in large scale must consider about times and be
prepared for such interruptions and some questions make the staffs to redo work
already done. Moreover, assigned staffs on communication session don’t always

make definitive decisions.

6.5 Obstacles and solutions; of this study

Obstacles and solutions; Technical difficulty was an expectable obstacle, but
it is addressed by cooperating with experts in developing applications. Drop out was
a potential for daily and frequent alarm and less motivation, for which well-
explanation and good rapport was built by creating regular contacts and 25%
attrition was added as well. Contamination could pose a weakness of this study for
participants were recruited from one PCU. Generalization may be limited to
uncontrolled diabetes patients in PCU level although EASYDM might be largely
applicable to uncontrolled diabetes patients in Thailand, which require further

efforts.

6.6 Recommendations

1) For participants: Participants with unfavorable diabetic parameters
indicating current and future complications from diabetes should give a try to using
EASYDM to maintain their diabetic status optimal. Participants should follow the

advices and instructions provided in the Apps to obtain most benefits of the Apps.
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2) For policy makers: Policy implications for the rest of the world. The policy
intention was to use the UCS (a financing reform) to strengthen the health system by
shifting its focus towards primary health care. Primary health care is more cost
effective than hospital outpatient services and lowers transportation costs
shouldered by patients. A case studies of EASYDM mobile application reform are
needed to build up the knowledge base about how best to introduce and
strengthen PCU. (Health Insurance System Research Office (HISRO)), 2012) Diabetes is
globally increased, and it has posed a huge burden on the health system of every
country. EASYDM apps should be incorporated into the control program such as (1)
Portable monitor and integrate the use of EASYDM apps into the health care delivery
system (2) EASYDM is friendly innovate of technology the health and care system is
appropriate use of data could radically reduce the time needed, cost, care giver and
care provider.(3) Primary care unit uses EASYDM to improve medical service, support,
and plan health care services the opportunities that new technologies to take
advantage specially for efficiency follow up appointment, online availability of

medical health records, electronic referral.

Policymakers should expand existing to support the kind of the new and
innovative virtual care strategies that will foster collaboration between health care
and health plans seeking to implement commercial health T systems, although
EASYDM free for diabetes on the one hand, and the academic experts in evaluation,
on the other. Bringing together the academic research communities in IT and in
quality improvement should also be a goal. For example, theory-driven evaluation is
one promising quality improvement evaluation tool that can be used to produce
useful know. EASYDM interventions would come from preventing diabetic
complications, reducing the costs of service delivery. The needs of diabetic patients

are not only limited to adequate blood sugar control (HbAlc) and development of
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their disease by sharing in their own care. Moreover, more comprehensive mobile

applications development for diabetes control should be encouraged.

3) For future study: Long term impact of this EASYDM app should be
explored in different settings, in diverse populations, together with fixture of
technical challenges. Another recommendation was gamification like “once daily
easy quizzes” or other game formats allow users to keep up with medical terms
more easily. As the privacy policy to get access to user data, it is expected that the
participants should be able to freely check out the policy before downloading
EASYDM application . Most importantly, EASYDM dealing with personal patient
information have to meet standard ethical guidelines Security & Personal information

Security login by ID & password setting.



REFERENCES



Aekplakorn, W., Chariyalertsak, S., Kessomboon, P., Assanangkornchai, S.,
Taneepanichskul, S., & Putwatana, P. J. J. o. d. r. (2018). Prevalence Of
Diabetes And Relationship With Socioeconomic Status In The Thai Population:

National Health Examination Survey, 2004-2014. 2018.

Agarwal, P., Mukerji, G., Desveaux, L., Ivers, N. M., Bhattacharyya, O., Hensel, J. M,, . . .
Onabajo, N. (2019). Mobile app for improved self-management of type 2
diabetes: multicenter pragmatic randomized controlled trial. JMIR mHealth

and uHealth, 7(1), e10321.

Al-Halaiqga, F. (2012). Adherence therapy for hypertension. University of East Anglia,

Alexander Rowland. (2010). Interventions To Enhance Patient Adherence To
Prescribed Pill Medication In Pediatrics A Literature Review. (Master of Public

Heath). University of Pittsburgh,

Alhazbi, S., Alkhateeb, M., Abdi, A., Janahi, A., & Daradkeh, G. (2012). Mobile
Application For Diabetes Control In Qatar. Paper presented at the Computing
technology and information management (iccm), 2012 8th international

conference.

Almaghaslah, D., Abdelrhman, A. K., AL-Masdaf, S. K., Mohammed, L., Majrashi, B. M.
M., Asiri, W. M., & Alghatani, B. A. J. d. (2018). Factors Contributing To Non-
Adherence To Insulin Therapy Among Type 1 And Type2 Diabetes Mellitus

Patients In Asser Region, Saudi Arabia. 4, 5.

Alonso-Dominguez, R., Gbmez-Marcos, M. A., Patino-Alonso, M. C., Sanchez-Aguadero,
N., Agudo-Conde, C., Castafio-Sanchez, C., . . . Recio-Rodriguez, J. I. J. B. o.

(2017). Effectiveness Of A Multifactorial Intervention Based On An Application



155

For Smartphones, Heart-Healthy Walks And A Nutritional Workshop In Patients
With Type 2 Diabetes Mellitus In Primary Care (Emid): Study Protocol For A

Randomised Controlled Trial. 7(9), e016191.

Aloudah, N. M., Scott, N. W., Aljadhey, H. S., Araujo-Soares, V., Alrubeaan, K. A., &
Watson, M. C. (2018). Medication adherence among patients with Type 2

diabetes: A mixed methods study. PloS one, 13(12).

Aminde, L. N., Tindong, M., Newasiri, C. A., Aminde, J. A,, Njim, T., Fondong, A. A, &
Takah, N. F. (2019). Adherence to antidiabetic medication and factors
associated with non-adherence among patients with type-2 diabetes mellitus

in two regional hospitals in Cameroon. BMC Endocr Disord, 19(1), 35.
doi:10.1186/512902-019-0360-9

Ananchaisarp, T., Duangkamsee, N., Burapakiat, B., Buppodom, T., Rojanusorn, U.,
Katawatee, K., . . . Research, M. (2018). Prevalence of Under-Prescription in

Elderly Type 2 Diabetic Patients in the Primary Care Unit of a University
Hospital. 36(4).

Armitage, L. C., Kassavou, A., & Sutton, S. (2020). Do mobile device apps designed to
support medication adherence demonstrate efficacy? A systematic review of

randomised controlled trials, with meta-analysis. BMJ open, 10(1).

Arsand, E., Tatara, N., @stengen, G., & Hartvigsen, G. (2010). Mobile phone-based self-

management tools for type 2 diabetes: the few touch application. Journal of

diabetes science and technology, 4(2), 328-336.



156

Baron, J., McBain, H., & Newman, S. (2012). The impact of mobile monitoring
technologies on glycosylated hemoglobin in diabetes: a systematic review.

Journal of diabetes science and technology, 6(5), 1185-1196.

Bergenstal, R. M., Johnson, M., Passi, R., Bhargava, A., Young, N., Kruger, D. F., . ..
Hodish, I. J. T. L. (2019). Automated insulin dosing guidance to optimise insulin
management in patients with type 2 diabetes: a multicentre, randomised

controlled trial.

Bonoto, B. C., de Araujo, V. E., Goddi, I. P., de Lemos, L. L. P., Godman, B., Bennie, M.,
... UHealth. (2017). Efficacy of mobile apps to support the care of patients
with diabetes mellitus: a systematic review and meta-analysis of randomized

controlled trials. 5(3).

Bosworth, H. B., Granger, B. B., Mendys, P., Brindis, R., Burkholder, R., Czajkowski, S. M.,
... Granger, C. B. (2011). Medication adherence: a call for action. Am Heart J,

162(3), 412-424. doi:10.1016/j.ahj.2011.06.007

Brown, Marie T., Bussell, & Jennifer K. (2011). Medication Adherence: Who Cares?

Paper presented at the Mayo Clinic Proceedings.

Brown, M. T., Bussell, J., Dutta, S., Davis, K., Strong, S., & Mathew, S. (2016).
Medication adherence: truth and consequences. The American journal of the

medical sciences, 351(4), 387-399.

Brown, M. T., & Bussell, J. K. (2011). Medication adherence: WHO cares? Paper

presented at the Mayo Clinic Proceedings.



157

Butt, M., Ali, A. M., Bakry, M. M., & Mustafa, N. S. P. J. (2016). Impact Of A Pharmacist
Led Diabetes Mellitus Intervention On Hbalc, Medication Adherence And

Quality Of Life: A Randomised Controlled Study. 24(1), 40-48.

C Kalichman, S., M Amaral, C., Cherry, C., Flanagan, J., Pope, H., Eaton, L., . . . Schinazi,
R. (2008). Monitoring Medlication Adherence by Unannounced Pill Counts

Conducted by Telephone: Reliability and Criterion-Related Validity (Vol. 9).

Castenspe-Seidenfaden, P., Husted, G. R, Jensen, A. K., Hommel, E., Olsen, B.,
Pedersen-Bjergaard, U., . . . uHealth. (2018). Testing a smartphone app (Young
with Diabetes) to improve self-management of diabetes over 12 months:

randomized controlled trial. 6(6).

Chaimol, P., Lerkiatbundit, S., & Saengcharoen, W. (2016.). Effects of Education by

Pharmacists Supplemented with

Pictograms on the Use of Medicationsin Diabetic Patients. Thai pharmarcy practice,

Vol.9 No.2.

Chatchalit Rattarasarn. (2013). the diabetes Epidemic and Its Impact on Thailand:

Novo Nordisk Pharma (Thailand) Ltd.

Chaudhury A, D. C., Reddy Dendi VS, Kraleti S, Chada A, Ravilla R, Marco A, Shekhawat
NS,, & Montales MT, K. K., Sasapu A, Beebe A, Patil N, Musham CK, Lohani GP
and Mirza W (2017). Clinical Review Of Antidiabetic Drugs: Implications For

Type 2 Diabetes Mellitus Management.

Chaudhury, A., Duvoor, C., Dendi, R., Sena, V., Kraleti, S., Chada, A., . . . Montales, M.
T. J. F.i. E. (2017). Clinical review of antidiabetic drugs: Implications for type 2

diabetes mellitus management. 8, 6.



158

Chen, J., Gemming, L., Hanning, R., Allman-Farinelli, M. J. P. e., & counseling. (2018).
Smartphone apps and the nutrition care process: Current perspectives and

future considerations. 101(4), 750-757.

Clifford, S., Perez-Nieves, M., Skalicky, A. M., Reaney, M., Coyne, K. S. J.C. m. 1., &
opinion. (2014). A systematic literature review of methodologies used to

assess medication adherence in patients with diabetes. 30(6), 1071-1085.

Covolo, L., Ceretti, E., Moneda, M., Castaldi, S., Gelatti, U. J. P. e., & counseling. (2017).
Does evidence support the use of mobile phone apps as a driver for
promoting healthy lifestyles from a public health perspective? A systematic

review of Randomized Control Trials. 100(12), 2231-2243.

Davies, M. J., D’Alessio, D. A., Fradkin, J., Kernan, W. N., Mathieu, C., Mingrone, G,, . . .
Buse, J. B. J. D. (2018). Management Of Hyperglycaemia In Type 2 Diabetes,
2018. A Consensus Report By The American Diabetes Association (Ada) And
The European Association For The Study Of Diabetes (Easd). 61(12), 2461-

2498.

Dayer, L., Heldenbrand, S., Anderson, P., Gubbins, P. O., & Martin, B. C. (2013).
Smartphone medication adherence apps: potential benefits to patients and

providers. Journal of the American Pharmatcists Association, 53(2), 172-181.

Deerochanawong, C., Ferrario, A. J. G., & Health. (2013). Diabetes Management In

Thailand: A Literature Review Of The Burden, Costs, And Outcomes. 9(1), 11.

Drincic, A., Prahalad, P., Greenwood, D., Klonoff, D. C. J. E., & Clinics, M. (2016).

Evidence-Based Mobile Medical Applications In Diabetes. 45(4), 943-965.



159

El-Gayar, O., Timsina, P., Nawar, N., & Eid, W. (2013). Mobile applications for diabetes
self-management: status and potential. Journal of diabetes science and

technology, 7(1), 247-262.

Elsous, A., Radwan, M., Al-Sharif, H., & Abu Mustafa, A. J. F. i. e. (2017). Medications
Adherence And Associated Factors Among Patients With Type 2 Diabetes

Mellitus In The Gaza Strip, Palestine. 8, 100.

Farmer, A. J., Rodgers, L. R., Lonergan, M., Shields, B., Weedon, M. N., Donnelly, L., . ..
Hattersley, A. T. (2016). Adherence to oral glucose-lowering therapies and
associations with 1-year HbAlc: a retrospective cohort analysis in a large

primary care database. Diabetes care, 39(2), 258-263.

Frazetta, D., Willet, K., & Fairchild, R. (2012). A systematic review of smartphone
application use for type 2 diabetic patients. Online J Nursing Inform, 16(3),

e2041.

Han, A., Min, S.-i., Ahn, S., Min, S.-K,, Hong, H.-j., Han, N., . . . Ha, J. (2019). Mobile
medication manager application to improve adherence with
immunosuppressive therapy in renal transplant recipients: A randomized

controlled trial. PloS one, 14(11), e0224595.

Hayakawa, M., Uchimura, Y., Omae, K., Waki, K., Fujita, H., & Ohe, K. J. A. c. i. (2013). A
smartphone-based medication self-management system with real-time

medication monitoring. 4(01), 37-52.

Herborg, H., Ngrgaard, L., Sorensen, L., Rossing, C., & Dam, P. (2008). Developing a
generic, individualised adherence programme for chronic medication users

(Vol. 6).



160

Holtz, B., & Lauckner, C. (2012). Diabetes management via mobile phones: a

systematic review. Telemedicine and e-Health, 18(3), 175-184.

Hood, M., Wilson, R., Corsica, J., Bradley, L., Chirinos, D., & Vivo, A. (2016). What do we
know about mobile applications for diabetes self-management? A review of

reviews. Journal of Behavioral Medicine, 39(6), 981-994.

Huckvale, K., Morrison, C., Ouyang, J., Ghaghda, A., & Car, J. (2015). The evolution of
mobile apps for asthma: an updated systematic assessment of content and

tools. BMC medicine, 13(1), 58.

Istepanian, R. S. J. T. L. D., & Endocrinology. (2015). Mobile applications for diabetes

management: efficacy issues and regulatory challenges. 3(12), 921-923.

Izahar, S., Lean, Q. Y., Hameed, M. A., Murugiah, M. K., Patel, R. P., Al-Worafi, Y. M., . . .
Ming, L. C. (2017). Content Analysis of Mobile Health Applications on Diabetes

Mellitus. Frontiers in endocrinology, 8, 318-318. doi:10.3389/fendo.2017.00318

Jakrapong Rattanayotin, & Vajirasak Vanijja. (2017). Designing and Developing Android
Application for Medication Reminder to Improve Treatment Efficiency of
Stroke Patient. Paper presented at the in The 9th International Conference on

Advances in Information Technology.

Jamison, R. N., Jurcik, D. C., Edwards, R. R., Huang, C.-C., & Ross, E. L. J. T. C. j. 0. p.
(2017). A Pilot Comparison Of A Smartphone App With Or Without 2-Way
Messaging Among Chronic Pain Patients: Who Benefits From A Pain App?,

33(8), 676.

Junkhaw T, Munisamy M, Samrongthong R, & Taneepanichskul S. (2019). actors

Associated with Health Literacy in Suburban Bangkok Type 2 Diabetics (T2DM):



161

A Cross-Sectional Survey. Retrieved from

http://www.jmatonline.com/index.php/jmat/article/view/7750

Kassahun, A., Gashe, F., Mulisa, E., & Rike, W. A. (2016). Nonadherence and factors
affecting adherence of diabetic patients to anti-diabetic medication in Assela
General Hospital, Oromia Region, Ethiopia. Journal of pharmacy & bioallied

sciences, 8(2), 124-129. doi:10.4103/0975-7406.171696

Kavitha, S., Nalini, G, Suresh, R., Sahana, G., Deepak, P., & Nagaral, J. J. I. J. B. C. P.
(2017). Treatment Adherence And Factors Contributing To Non Adherence
Among Type 2 Diabetes Mellitus Patients In A Tertiary Care Hospital: A Cross

Sectional Study. 6(3), 689-694.

Kirwan, M., Vandelanotte, C., Fenning, A., & Duncan, M. J. (2013). Diabetes self-
management smartphone application for adults with type 1 diabetes:
randomized controlled trial. Journal of medical Internet research, 15(11),

e235.

Kitsiou, S., Pare, G., Jaana, M., & Gerber, B. (2017). Effectiveness of mHealth
interventions for patients with diabetes: an overview of systematic reviews.

PloS one, 12(3), e0173160.

Kitsiou, S., Paré, G., Jaana, M., & Gerber, B. J. P. 0. (2017). Effectiveness Of Mhealth
Interventions For Patients With Diabetes: An Overview Of Systematic Reviews.

12(3), e0173160.

Komwong, D., Sriratanaban, J. J. R. m., & policy, h. (2018). Associations between
structures and resources of primary care at the district level and health

outcomes: a case study of diabetes mellitus care in Thailand. 11, 199.


http://www.jmatonline.com/index.php/jmat/article/view/7750

162

Lam, W. Y., & Fresco, P. (2015a). Medication Adherence Measures: An Overview.
BioMed research international, 2015, 217047-217047.
doi:10.1155/2015/217047

Lam, W. Y., & Fresco, P. (2015b). Medication adherence measures: an overview.

BioMed research international, 2015.

Lee, J. Y., Kusek, J. W, Greene, P. G., Bernhard, S., Norris, K., Smith, D., . . . Wright Jr, J
T. (1996). Assessing medication adherence by pill count and electronic

monitoring in the African American Study of Kidney Disease and Hypertension

(AASK) Pilot Study. American journal of hypertension, 9(8), 719-725.

Liang, X., Wang, Q., Yang, X., Cao, J.,, Chen, J.,, Mo, X,, . .. Gu, D. (2011a). Effect of

mobile phone intervention for diabetes on glycaemic control: a meta

analysis. Diabetic medicine, 28(4), 455-463.

Liang, X., Wang, Q., Yang, X., Cao, J,, Chen, J., Mo, X, ... Gu, D. J. D. m. (2011b). Effect

of mobile phone intervention for diabetes on glycaemic control: a meta

analysis. 28(4), 455-463.

Lin, L.-K,, Sun, Y., Heng, B. H., Chew, D. E. K., & Chong, P.-N. (2017a). Medication
adherence and glycemic control among newly diagnosed diabetes patients.

BMJ Open Diabetes Research &amp; Care, 5(1), €000429. doi:10.1136/bmjdrc-
2017-000429

Lin, L.-K,, Sun, Y., Heng, B. H., Chew, D. E. K., & Chong, P.-N. (2017b). Medication

adherence and glycemic control among newly diagnosed diabetes patients.

BMJ Open Diabetes Research and Care, 5(1).



163

McGovern, A., Tippu, Z., Hinton, W., Munro, N., Whyte, M., & de Lusignan, S. J. B. o.
(2016). Systematic review of adherence rates by medication class in type 2

diabetes: a study protocol. 6(2), e010469.

Michael C Sokol, Kimberly A McGuigan, Robert R Verbrugge, & Robert S Epstein.
(2005). Impact of Medication Adherence on Hospitalization Risk and
Healthcare Cost. Department of Medical Affairs, Medco Health Solutions, Inc.,

Franklin Lakes, New Jersey 07417, USA., Med Care(43(6)), 521-530.

Morisky, D. E., Ang, A, Krousel-Wood, M., & Ward, H. J. (2008). Predictive validity of a
medication adherence measure in an outpatient setting. J Clin Hypertens

(Greenwich), 10(5), 348-354.

Mosa, A. S. M., Yoo, |., Sheets, L. J. B. m. i., & making, d. (2012). A systematic review of

healthcare applications for smartphones. 12(1), 67.

Muangpaisan, W., Pisalsalakij, D., Intalapaporn, S., & Chatthanawaree, W. (2014).
Medication nonadherence in elderly patients in a Thai geriatric clinic. Asian

Biomedicine, 8(4), 541-545.

Nakhornriab, S., Wattanakitkrileart, D., Charoenkitkarn, V., Chotikanuchit, S., & Vanijja,
V. (2017). The Effectiveness of mobile application on medication adherence in

patients with stroke. Nursing Science Journal of Thailand, 35(3), 58-69.

NHSO Thailand. (2019). Management of National Health Security Fund 2019:

National Health Security Office (NHSO Thailand), Thailand.

Nieuwlaat, R., Wilczynski, N., Navarro, T., Hobson, N., Jeffery, R., Keepanasseril, A, . . .
Jack, S. (2014). Interventions for enhancing medication adherence. Cochrane

database of systematic reviews(11).



164

Nouf M. Aloudahl, Neil W. Scott, Hisham S. Aljadhey, Vera Araujo-Soares, Khalid A.
Alrubeaanl, & Watson, M. C. (2018). Medication adherence among patients
with Type 2 diabetes: A mixed methods study. PloS one, December 11, 2018,

1-18. doi:10.1371/journal.pone.0207583

Novo nordisk. (2017). The Blue Print For Change Program, Partnering To Innovate

Diabetes Care In Thailand. Retrieved from

NSO Thailand. (2018). The 2018 HOUSEHOLD SURVEY ON THE USE OF INFORMATION
AND COMMUNICATION TECHNOLOGY (QUARTER 1), MINISITY OF DIGITAL

ECONOMY AND SOCIETY, Thailand: National Statistical Office of Thailand.

Organization, W. H. (2006). Definition And Diagnosis Of Diabetes Mellitus And

Intermediate Hyperglycaemia: Report Of A Who/Idf Consultation.

Organization, W. H. (2016). Global Report On Diabetes: World Health Organization.

Papier, K., Jordan, S., Catherine, D. E., Bain, C., Peungson, J., Banwell, C,, . .. Sleigh, A.
J. B. 0. (2016). Incidence And Risk Factors For Type 2 Diabetes Mellitus In

Transitional Thailand: Results From The Thai Cohort Study. 6(12), e014102.

Patrick, K., Marshall, S., Davila, E., Kolodziejczyk, J., Fowler, J., Calfas, K, . . . Gupta, A.
J. C. c. t. (2014). Design And Implementation Of A Randomized Controlled
Social And Mobile Weight Loss Trial For Young Adults (Project Smart). 37(1),

10-18.

Puengdokmai, P. (2013). Factors Influencing Medlication Adherence in Hypertensive

Patients Without Complications. Mahidol University,



165

Puriwat, W., & Tripopsakul, S. (2017). Mobile Banking Adoption in Thailand: An
Integration of Technology Acceptance Model and Mobile Service Quality.

European Research Studies, 20(4B), 200-210.

Ramachandran Ambady, Snehalatha Chamukuttan , Ram Jagannathan, Selvam
Sundaram, Simon Mary, Nanditha Arun, . . . Majeed Azeem. (2013).
Effectiveness of mobile phone messaging in prevention of type 2 diabetes by
lifestyle modification in men in India: a prospective, parallel-group,
randomised controlled trial. The lancet Diabetes endocrinology, 1(3), 191-

198.

Ramadas, A., Chan, C. K. Y., Oldenburg, B., Hussein, Z., & Quek, K. F. (2018).
Randomised-controlled trial of a web-based dietary intervention for patients
with type 2 diabetes: changes in health cognitions and glycemic control. BMC

public health, 18(1), 716.

Rattanayotin, J., & Vanijja, A. P. D. V. J. K. S. S. (2018). Designing And Developing
Android Application For Medication Reminder To Improve Treatment

Efficiency Of Stroke Patient. 3(1), 143-156.

Recio-Rodriguez, J. I., Gbmez-Marcos, M. A., Asudo-Conde, C., Ramirez, I., Gonzalez-
Viejo, N., Gomez-Arranz, A., . . . Sanchez-Aguadero, N. J. M. (2018). Evident 3
Study: A Randomized, Controlled Clinical Trial To Reduce Inactivity And
Caloric Intake In Sedentary And Overweight Or Obese People Using A

Smartphone Application: Study Protocol. 97(2).

Ristau, R. A, Yang, J., & White, J. R. J. D. S. (2013). Evaluation and evolution of
diabetes mobile applications: key factors for health care professionals seeking

to guide patients. 26(4), 211-215.



166

Sabaté, E. (2003). Adherence To Long-Term Therapies: Evidence For Action: World

Health Organization.

Sandler, C. N., & McDonnell, M. E. (2016). The role of hemoglobin Alc in the

assessment of diabetes and cardiovascular risk. Cleve Clin J Med, 83, S4-10.

Sapkota, S., Jo-anne, E. B., Greenfield, J. R., & Aslani, P. J. P. O. (2015). A systematic
review of interventions addressing adherence to anti-diabetic medications in

patients with type 2 diabetes—components of interventions. 10(6), e0128581.

Sarinyaporn Phuangngoenmak, Wonpen Keawpan, Panan Pichayapinyo, & Hangwong,
U. (2019). Effectiveness of the Strengthening Diabetes Care Program: A
Randomized Controlled Trial with Thai Nurse Practitioners. Pacific Rim

International Journal of Nursing Research, Vol. 23 No. 1, 18-31.

Shahid, M., Mahar, S. A., Shaikh, S., & Shaikh, Z. (2015). Mobile phone intervention to
improve diabetes care in rural areas of Pakistan: a randomized controlled

trial. J Coll Physicians Surg Pak, 25(3), 166-171.

Sherwani, S. I., Khan, H. A., Ekhzaimy, A., Masood, A., & Sakharkar, M. K. (2016).
Significance of HbAlc test in diagnosis and prognosis of diabetic patients.

Biomarker insights, 11, BMI. $S38440.

Sherwani, S. I, Khan, H. A., Ekhzaimy, A., Masood, A., & Sakharkar, M. K. (2016).
Significance of HbAlc Test in Diagnosis and Prognosis of Diabetic Patients.

Biomark Insights, 11, 95-104. doi:10.4137/bmi.S38440

Sriwarakorn, S., Krittiyanunt, S., & Sakulbumrungsil, R. (2010a). SENSITIVITY AND

SPECIFICITY OF THAI-VERSION BRIEF MEDICATION QUESTIONNAIRE (Vol. 24).



167

Sriwarakorn, S., Krittiyanunt, S., & Sakulbumrungsil, R. (2010b). Sensitivity and
specificity of Thai-Version brief medication questionnaire. J Health Res, 24(3),

129-134.

Stawarz, K., Cox, A. L., & Blandford, A. (2014). Don't forget your pilll: designing
effective medication reminder apps that support users' daily routines. Paper
presented at the Proceedings of the 32™ annual ACM conference on Human

factors in computing systems.

Supachaipanichpong, P., Vatanasomboon, P., Tansakul, S., & Chumchuen, P. (2018a).
An Education Intervention for Medication Adherence in Uncontrolled Diabetes

in Thailand. Pacific Rim International Journal of Nursing Research, 22(2).

Supachaipanichpong, P., Vatanasomboon, P., Tansakul, S., & Chumchuen, P. J. P. R. I.
J. 0. N. R. (2018b). An Education Intervention For Medication Adherence In

Uncontrolled Diabetes In Thailand. 22(2), 144-155.

Taibanguay, N., Chaiamnuay, S., Asavatanabodee, P., & Narongroeknawin, P. (2019).
Effect of patient education on medication adherence of patients with
rheumatoid arthritis: a randomized controlled trial. Patient preference and

adherence, 13, 119-129. doi:10.2147/PPA.S192008

Tangcharoensathien, V., Pitayarangsarit, S., Patcharanarumol, W., Prakongsai, P.,
Sumalee, H., Tosanguan, J., & Mills, A. (2013). Promoting universal financial
protection: how the Thai universal coverage scheme was designed to ensure

equity. Health Research Policy and Systems, 11(1), 25.

Tantipoj, C., Sakoolnamarka, S. S., Supa-Amornkul, S., Lohsoonthorn, V.,

Deerochanawong, C., Khovidhunkit, S. P., & Hiransuthikul, N. Screening for type



168

2 diabetes mellitus and prediabetes using point-of-care testing for HbAlc

among Thai dental patients.

Toro-Ramos, T., Lee, D.-H., Kim, Y., Michaelides, A., Oh, T. J,, Kim, K. M., . . . disorders,
r. (2017). Effectiveness Of A Smartphone Application For The Management Of
Metabolic Syndrome Components Focusing On Weight Loss: A Preliminary

Study. 15(9), 465-473.

White, H. K, Hsing, P. Y., Cho, W., Shank, T. M., Cordes, E. E., Quattrini, A. M., . ..
Fisher, C. R. (2012). Impact of the Deepwater Horizon oil spill on a deep-water
coral community in the Gulf of Mexico. Proc Natl Acad Sci U S A, 109(50),

20303-20308. doi:10.1073/pnas.1118029109

WHO. (2016). Global Report On Diabetes: World Health Organization.

Wroe, A. L. (2002). Intentional and Unintentional Nonadherence: A Study of Decision
Making. Journal of Behavioral Medicine, 25(4), 355-372.

doi:10.1023/A:1015866415552



APPENDIX



170

Appendix A:

Ethical Approval

The Research Ethics Review Committee for Research Involving Human Research,

Health Sciences Group, Chulalongkorn University (RECCU), (COA no.094-2 /62)

AF 02-12
The Research Ethics Review Committee for Research Involving Human Research

Participants, Group I, Chulalongkorn University
$——# Jamjuree 1 Building, 2nd Floor, Phyathai Rd., Patumwan district, Bangkok 10330, Thailand,
Tel: 0-2218-3202, 0-2218-3049 E-mail: eccu@chula.ac.th

COA No. 208/2019

Certificate of Approval

Study Title No. 094.2/62 :  EFFECTIVENESS OF MOBILE APPLICATION (EASYDM) FOR
DIABETES CONTROL FOCUSING ON DIABETES MEDDICATION
ADHERENCE AMONG UNCONTROLLED DIABETES PATIENTS
ATTENDING PRIMARY HEALTH CARE IN BANGKOK, THAILAND: A
RANDOMIZED CONTROLLED TRIAL

Principal Investigator : MISS NUSAREE SIRIPHAT

Place of Proposed Study/Institution : College of Public Health Sciences,
Chulalongkorn University

The Research Ethics Review Committee for Research Involving Human Research
Participants, Health Sciences Group, Chulalongkorn University, Thailand, has approved constituted
in accordance with Belmont Report 1979, Declaration of Helsinki 2013, Council for International
Organizations of Medical Sciences (CIOM) 2016, Standards of Research Ethics Committee (SREC)
2013, and National Policy and guidelines for Human Research 2015.

o5 D Nolarse  Clumdchiam aomapansy

Signature: [/M Signattrer diea sl ey
(Associate Prof. Prida Tasanapradit, M.D.) (Assistant Prof. Nuntaree Chaichanawongsaroj, Ph.D.)
Chairman Secretary
Date of Approval : 20 August 2019 Approval Expire date : 19 August 2020

The approval documents including;

1) Research proposal

£ =
2) Participant Informatiopy T nt Form 0G4 2/69'

3) Researcher 3

4) Questionnaire = ravai Expire Dats 19
The approved investigator must comply with the following conditions:
T The research/project activities must end on the approval expired date of the Research Ethics Review Committee for Research
Involving Human Research Participants, Health Sciences Group, Chulalongkorn University (RECCU). In case the research/project is
unable to complete within that date, the project extension can be applied one month prior to the RECCU approval expired date.

2 Strictly conduct the research/project activities as written in the proposal.

3 Using only the documents that bearing the RECCU'’s seal of approval with the subjects/volunteers {including subject information
sheet, consent form, invitation letter for project/research participation (if available).

4. Report to the RECCU for any serious adverse events within 5 working days

5. Report to the RECCU for any change of the research/project activities prior to conduct the activities.

6. Final report (AF 02-14) and abstract is required for a one year (or less) research/project and report within 30 days after the
completion of the research/project. For thesis, abstract is required and report within 30 days after the completion of the
research/project.

7 Annual progress report is needed for a two- year (or more) research/project and submit the progress report before the expire

date of certificate. After the completion of the research/project processes as No. 6.



171

Ethical Approval

The Research Ethics Review Committee for Research Involving Human Research,

Health Sciences Group, Chulalongkorn University (RECCU), (COA no.094-2 /62)

4 W R W
=7 UUNNVBAIY
dwn AnznssMsRTsUesTIMsiseluay nquananty gad 1 n5.0-2218-3049
il v 961 /2562 Fud 10 MesIg™ 9 562

599 WAAHTUNSAINTUNTSEETIUNSIVY

Sy AnURININSY e ANERsENSTNEY

Fefidenfig  LENETHIHIUNITS U WANSHINTAN

maviddn/yaainstudiinvawnuliauslasinsidoiieresunsinnsnnasessiinig
aw A a aw ' ) = a )
38 MnAnznITINMIATUNEsTINNSITeluAY nauavdaTL gaft 1 pamsaiuvine dy uu
Tumsil nssumsgmumundnlsiuauensliiunisiasansiesssunsidela dail

Tnsams33eit 094.2/62 1309 UszAvSuavasuewndiatulnsdnwiadoudl (EASYDM)
worruaulsaumulasldanusndelumsldenludtasumanuiliaunsaauquszduiina
Tudenlduaziniumssnunimiseuinisugugiingammaumuas Yssmalne: mamnasauuudsia:
ﬁﬂ‘«‘iuﬂ U AU (EFFECTIVENESS OF MOBILE APPLICATION (EASYDM) FOR DIABETES CONTROI
FOCUSING ON DIABETES MEDDICATION ADHERENCE AMONG UNCONTROLLED DIABETES
PATIENTS ATTENDING ' PRIMARY HEALTH CARE IN BANGKOK, THAILAND : A RANDOMIZED
CONTROLLED TRIAL) ¥81 waniyds Aswan] dansziuquijdudis Inodeinenmansarsisugy
PNRNIAUNTINGFD

& o < -
JuSvunnivelusansiu

;fwg Fobed W i —

({emans19158 asduv Feruzaemlsnd)
ATTUNSUAEYIYNS
ANENTTUMINNTUNIITEFTTUMTITE TuAY
nauavan Uy gail 1 Pe1asnsimivede



172

Ethical Approval

Thai Clinical Trial Registry number (TCTR) (TCTR20190509002, 9 May 2019)

Thai Clinical Trials Registry

Register Trial Trial Search

Modify WHO Data Set

TCTR Approved [EFFECTIVENESS OF MOBILE APPLICATION(EASYDM)
FOR DIABETES CONTROL FOCUSING ON DIABETES MEDICATION
ADHERENCE AMONG UNCONTROLLED DIABETES PATIENTS
ATTENDING PRIMARY CARE UNITS IN BANGKOK THAILAND :
RANDOMIZED CONTROLLED TRIAL]

Thai Clinical Trial Registry <thaiclinicaltrials@gmail.com> 9 May 2019 at 10:14
Reply-To: "Thai Clinical Trials Registry (TCTR)" <thaiclinicaltrials@gmail.com>
To: nusaree.cphs@gmail.com

Dear Ms.Nusaree Siripath,

Your research title "EFFECTIVENESS OF MOBILE APPLICATION(EASYDM) FOR DIABETES
CONTROL FOCUSING ON DIABETES MEDICATION ADHERENCE AMONG UNCONTROLLED
DIABETES PATIENTS ATTENDING PRIMARY CARE UNITS IN BANGKOK THAILAND :
RANDOMIZED CONTROLLED TRIAL" had been reviewed by TCTR Committee. It deemed
satisfactory for all items of Trial Registration Data Set required by World Health Organization.
Therefore, we are glad to inform you that your research project had been approved for registration at
TCTR since 2019-05-08 16:24:30. Your TCTR identification number is TCTR20190509002.

Thank you for your kind cooperation in making your research transparent to public. Please comeback
to TCTR to update statuses of your registered trials upon its progress and at least within six months
after the registered date, which is 2019-11-04 16:24:30.

Yours sincerely,

Thai Clinical Trials Registry (TCTR)

Medical Research Foundation of Thailand (MRF)
Medical Research Network of the Consortium of Thai Medical Schools :MedResNet (Thailand)

3rd FI. National Research Council of Thailand (NRCT)
196 Phaholyothin Rd,Ladyao,Chatuchak,Bangkok 10900

Tel : +(66) 2940 5181-3
Fax : +(66) 2940 5184

Sponsored by Thailand Center of Excellence for Life Sciences (TCELS)



Appendix (English Version)

Appendix B:
Information Sheet for Participant (Intervention group)
Part |
Research title: Effectiveness of mobile application (EASYDM) for diabetes control
focusing on diabetes medication adherence among uncontrolled diabetes patients
attending primary care units in Bangkok, Thailand: a randomized controlled trial
Principal investigator: Miss Nusaree Siripath Position PhD candidate, Collage of
Public Health Sciences, Chulalongkorn University
Address
Pattanavej Primary Care Unit (PCU): 3/350- 352, Soi Phahothin 54/1 Yak 4-18,
Klongthanon, Saimai, Bangkok, Thailand 10220
Telephone: (+66)29748432 Fax. (+66)29749717 e-mail: nhso22706@hotmail.com
(Home) 94/17 Chaiyapruk vill(Ramintra-Wongwan2) Kubon road,
Bang Chan sub-district, Khlong Sam Wa district, Bangkok Thailand10510

Mobile number: (+66)887824703 e-mail: nusaree.spk@gmail.com

| would like to warmly invite you to participate in this research. Before you
decide to participate in this research, please consider comprehending on purposes
and detail about the research. Please take time and read this document carefully.
You can question on any unclear points or ask for more description any time.

The purpose of this research is to evaluate Effectiveness n of mobile
application (EASYDM) for diabetes control focusing on diabetes medication
adherence among uncontrolled diabetes patients attending primary care unit in
Bangkok. Expected benefit of this research are the results of the research might be

useful in the management of diabetes among uncontrolled diabetes in PCU.
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Moreover, the study may provide evidence for future research on how to modify to
apply applications on a larger scale.

You are invited to participated in this research because you are an
uncontrolled diabetes patient who follow up diabetes treatment at primary care
unit. You also have and could run android operating system mobile phone and use
the internet regularly. The total number of participants was 186. The total research
duration is 3 months, during October 2019 to December 2019.

If you decide to participate the research

1. The researcher will ask you for blood specimen collecting allowance.
Blood specimen will be collected twice for HbAlc measurement at 1% session
(baseline) and 4" session (3" month). Blood specimen procedure will take about 60
minute each time.

2.The researcher will ask you to answer a general characteristics
questionnaire. Your general characteristic data will be collected once by general
characteristics questionnaire at 1% session (baseline). General characteristics
questionnaire includes socio-demographic characteristic section, mobile phone usage
section and diabetic status section. General characteristics questionnaire will take
about 10 minutes. This questionnaire will be attached with modified MMAS
guestionnaire, total time for these two questionnaires is 30 minutes.

3.The researcher will ask you for allowance for pill count medication
adherence percentage measurement by pill count procedure 4 times at 1* session
(baseline), 2" session (1% month), 3" session (2"4 month) and 4"session (3 month).
Community pharmacist will do pill count procedure during the routine medication
dispensing process, total time for this procedure is about 30 minutes.

4.The researcher will ask you to answer modified MMAS questionnaire.

Your medication adherence will be measured by modified MMAS questionnaire 4
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times at 1st session (baseline), 2" session (1 month), 3™ session (2"¢ month) and 4™
session (3" month). You will answer the questionnaire yourself and it will take about
20 minute each time.

5. You will be reminded every medication taking time by ringing buzzer
and buzzer notification mode could be changed to vibrated mode or could
occasionally mute the application notification for a while.

The data were from blood specimen collecting, pill count medication
adherence percentage measurement and completed questionnaires. The researcher
will ask for your allowance to take photo and to record the video. After the study
finish, all data paper record will be put in document shredder and modern electronic
data storage will be managed to permanently get rid of data.

You probably experience some risks associated with routine blood collection,
such as pain, bleeding during the procedure, bruising, swelling at blood collecting
area and risk of being infected at blood collecting area which is rarely happen. For
unpredictable risks, you will feel side effect or other discomfort from blood
collecting procedure that are not shown in this information sheet. For your safety,
please don’t be hesitated to notify the researcher suddenly if any irregular incident
occurs. You probably feel uncomfortable or worried with some questions, you have
a right to deny answering those question and you have full rights to deny or
withdraw from the participation any time without any unpleasant effect.

Participants confidential information will be kept private and results of the
study will be reported as a total picture. Only permitted research colleague and the
Research Ethics Review Committee for Research Involving Human could access your
data.

You will not be charged any fee for the research and will be provided 100 bath

incentives for the whole participating in this research.
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If you want to ask for more information, please feel free to contact the
researcher anytime. If there are any further advantage or threaten information about
the research, the researcher will remind you immediately to consider about the
research participation.

If you are not being treated exactly as specified in the research participants'
clarification documents. You can complain to the Ethics Committee in person.
United Institute of Institution No. 1 Chulalongkorn University 254 Chamchuri 1
Building, 2" Floor, Phayathai Road, Pathumwan District, Bangkok 10330 Phone / Fax
0-2218-3202

e-mail: eccu@chula.ac.th
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Part Il. Informed consent form

3/350- 352, Soi Phahothin
54/1 Yak 4-18 Klongthanon, Saimai,

Bangkok,10220

Participant Code ...

| who have signed here below do agree to participate in the study

Research title: Effectiveness of mobile application (EASYDM) for diabetes control
focusing on diabetes medication adherence among uncontrolled diabetes patients
attending primary care unit in Bangkok, Thailand: a randomized controlled trial

Principal investigator: Miss Nusaree Siripath Position PhD candidate, Collage of
Public Health Sciences, Chulalongkorn University

Address

Pattanavej Primary Care Unit (PCU): 3/350- 352, Soi Phahothin 54/1 Yak 4-18,
Klongthanon, Saimai, Bangkok, Thailand 10220

Telephone: (+66)29748432 Fax. (+66)29749717 e-mail: nhso22706@hotmail.com

(Home) 94/17 Chaiyapruk vill(Ramintra-Wongwan2) Kubon road,

Bang Chan sub-district, Khlong Sam Wa district, Bangkok Thailand10510

Mobile number: (+66)887824703 e-mail: nusaree.spk@gmail.com

| have thoroughly been informed about the background and the purpose of the
research; procedure detail that | should perform, and | will be treated in the
research, risk/danger and benefits of the research. | have already read the participant

information document carefully and | clearly understand it with satisfactions.
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| understand that my participation is voluntary as specify in participant
information document,

| agree to provide blood specimen for HbAlc measurement. Blood specimen
will be collected twice for HbAlc measurement at 1 session (baseline) and 4 ™
session (3" month). Blood specimen procedure will take about 60 minute each time.

| agree to answer a general characteristics questionnaire. My general
characteristic data will be collected once by general characteristics questionnaire at
1 * session (baseline). General characteristics questionnaire includes socio-
demographic characteristic section, mobile phone usage section and diabetic status
section. General characteristics questionnaire will take about 1 0 minutes. This
questionnaire will be attached with modified MMAS questionnaire, total time for
these two questionnaires is 30 minutes

| agree to be measured my pill count medication adherence percentage by pill
count procedure 4 times at 1% session (baseline), 2™ session (1% month), 3 session
(2™ month) and 4™ session (3 month). Community pharmacist will do pill count
procedure during the routine medication dispensing process, total time for this
procedure is about 30 minutes.

| agree to answer modified MMAS questionnaire. My medication adherence will
be measured by modified MMAS questionnaire 4 times at 1% session (baseline), 2™
session (1% month), 3 session (2" month) and 4™ session (3™ month). | will answer
the questionnaire myself and it will take about 20 minute each time.

| agree to be reminded every medication taking time by ringing buzzer and
buzzer notification mode could be changed to vibrated mode or could occasionally
mute the application notification for a while.

The data are from blood specimen collecting, pill count medication adherence

percentage measurement and completed questionnaires. | agree to be filmed and
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videoed and all identified data will be destroyed within 3 months after the research
finish, all data paper record will be put in document shredder and modern electronic
data storage will be managed to permanently get rid of data.

I also know my full rights to withdraw from this research at any time with no
reason required to give. This withdrawal will not have any negative impacts upon me;
negative impacts such as service quality at primary care unit.

| have been confirmed and guaranteed that the researcher will treat me as
specified in the participant information document and my confidential information
will be kept private and results of the study will be reported as a total picture. No
data in research report could bring to identified myself, unless with my willing
permission.

If I am not being treated exactly as specified in the research participants'
clarification documents. | can complain to the Ethics Committee in person. United
Institute of Institution No. 1 Chulalongkorn University 254 Chamchuri 1 Building, 2™
Floor, Phayathai Road, Pathumwan District, Bangkok 10330 Phone / Fax 0-2218-3202
e-mail: eccu@chula.ac.th

| sign the consent form in front of the witness. Moreover, | have already been

provided the copy of the participant information document and the consent form.

SIGN.ceeeette e Participant SIBN.tiiiitte e Researcher
NaME...oiiiriierreeeeeeees NAME..oieiiiiiiienreeeees
SIBN.iiteittttt s Witness
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Experimental

group

procedure

Time

Activities

t .
1% session
Baseline

data collecting

7.00-7.30

1. Explain the brief details of this study include objective
benefit of the study and provide information sheet and
consent form. Make a discussion on any question about
the information sheet and consent form, the researcher
will answer the question herself. Then the participants

make commitments by signing on the consent form.

7.30-8.30

2. 1™ Specimen collecting for HbAlc

8.30-9.00

3.Breakfast
(Whole wheat bread sandwich & Un sweeten Soymilk)
* In PCU routine work: On blood collecting appointment
date, the patients will be told to fast for at least 8 hours
before blood collecting.

PCU will prepare simple breakfast for the patients after
blood collecting to prevent hypoglycemia incident during

follow up procedure.

9.00-9.30

9.30-12.30

4. General characteristics data collecting by general
characteristics questionnaire and 1% medication adherence

data collecting by modified MMAS questionnaire.

5.Routine PCU procedure

5.1 Screening by chronic disease management nurse.

5.2 Follow up treatment by preventive physician

5.3 Dispensatory process on prescribed medication
community pharmacist. On this process, community
pharmacist will do 1% pill count and record in pill count
medication adherence percentage recording form.

5.4 Personal counseling by chronic disease counselor.

12.00-13.00

Lunch

13.00-
14.00

6. Application download and data entry would be done in
small group session (1 research assistant: 9-10 participants).

In this session, research assistant of each group would
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Experimental

group

procedure

Time

Activities

download for the participants in their group.  After
downloading application, primary care unit staff whose
responsibility on recording.

The developed application will remind study participants
for every medication taking time with ringing buzzer and
the participants must accept to be notified. The
participants could change notification mode from buzzer
mode to vibrated mode or could occasionally mute the
application notification for a while. Electronic OPD card
input data about the patient’s recent medication, recent

health index and recent laboratory information.

14.00-14.30

7.Application operation training via VDO. The participants
would be assigcned to watch VDO presentation in the

meeting room of PCU of 30 minutes.

14.30-15.30

8. The researcher and research assistants would train the
participant to set password and set application function
trough practicing on EASYDM in participants’ own mobile
phone in small group session (1 research assistant: 9-10

participants)

15.30-16.00

9.The researcher and research assistants lead the
participants to discuss on EASYDM strength, weakness and
support the participant to rise questions through group

discussion activities.

16.00-16.30

10. After that, the researcher and research assistants

provide information

on EASYDM assistants that are 24 hrs. telephone number to
help on EASYDM application and communication channel

in EASYDM application
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Experimental

group

procedure

Time

Activities

d .
2"%session
t
1* month

data collecting

9.00-9.30

1. 2" medication adherence data collecting by modified

MMAS questionnaire.

9.30-12.30

2.Routine PCU procedure
2.1 Screening by chronic disease management nurse.

2.2 Follow up treatment by preventive physician

2.3 Dispensatory process

On this

on prescribed medication

community - pharmacist. process, community
pharmacist will do 2™ pill count and record in pill count
medication adherence percentage recording form.

2.4 Personal counseling by chronic disease counselor.

d .
3" session
2" month

data collecting

9.00-9.30

1. 3 medication adherence data collecting by modified

MMAS questionnaire.

9.30-12.30

2.Routine PCU procedure
2.1 Screening by chronic disease management nurse.

2.2 Follow up treatment by preventive physician

2.3 Dispensatory process

On this

on prescribed medication

community pharmacist. process, community
pharmacist will do 3 pill count and record in pill count
medication adherence percentage recording form.

2.4 Personal counseling by chronic disease counselor.

h .
4"session
d
3 month

data collecting

7.30-8.30

1. 2" Specimen collecting for HbALc

8.30-9.00

2.Breakfast (Whole wheat bread sandwich & Un sweeten
Soymilk) * In PCU routine work: On blood collecting
appointment date, the patients will be told to fast for at
least 8 hours before blood collecting. PCU will prepare
simple breakfast for the patients after blood collecting to

prevent hypoglycemia incident during follow up procedure.

9.00-9.20

3. 4" medication adherence data collecting by general by

modified MMAS questionnaire.
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Experimental Time Activities
group
procedure
9.20-12.30 | 5.Routine PCU procedure

5.1 Screening by chronic disease management nurse.

5.2 Follow up treatment by preventive physician

5.3 Dispensatory process on prescribed medication
community pharmacist. On this process, community
pharmacist will do 1% Pill count and record in pill count
medication adherence percentage recording form.

5.4 Personal counseling by chronic disease counselor.
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(English Version)
Appendix C:

Information Sheet for Participant (control group)

Part |

Research title: Effectiveness of mobile application (EASYDM) for diabetes control
focusing on diabetes medication adherence among uncontrolled diabetes patients
attending primary care unit in Bangkok, Thailand: a randomized controlled trial

Principal investigator: Miss Nusaree Siripath Position PhD candidate, Collage of
Public Health Sciences, Chulalongkorn University

Address

Pattanavej Primary Care Unit (PCU): 3/350- 352, Soi Phahothin 54/1 Yak 4-18,
Klongthanon, Saimai, Bangkok, Thailand 10220

Telephone: (+66)29748432 Fax. (+66)29749717 e-mail: nhso22706@hotmail.com

(Home) 94/17 Chaiyapruk vill(Ramintra-Wongwan2) Kubon road,

Bang Chan sub-district, Khlong Sam Wa district, Bangkok Thailand10510

Mobile number: (+66)887824703 e-mail: nusaree.spk@gmail.com

| would like to warmly invite you to participate in this research. Before you
decide to participate in this research, please consider comprehending on purposes
and detail about the research. Please take time and read this document carefully.
You can question on any unclear points or ask for more description any time.

The purpose of this research is to evaluate Effectiveness of mobile application
(EASYDM) for diabetes control focusing on diabetes medication adherence among
uncontrolled diabetes patients attending primary care unit in Bangkok. Expected
benefit of this research are the results of the research might be useful in the

management of diabetes among uncontrolled diabetes in PCU. Moreover, the study
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may provide evidences for future research on how to modify to apply applications
on a larger scale.

You are invited to participated in this research because you are an uncontrolled
diabetes patient who follow up diabetes treatment at primary care units. You also
have and could run android operating system mobile phone. and use the internet
regularly. The total number of participants was 186. The total research duration is 3
months, during October 2019 to December 2019.

If you decide to participate the research

1. The researcher will ask you for blood specimen collecting allowance.
Blood specimen will be collected twice for HbAlc measurement at 1st session
(baseline) and 4" session (3 month). Blood specimen procedure will take about 60
minute each time.

2. The researcher will ask you to answer a general characteristics
questionnaire. Your general characteristic data will be collected once by general
characteristics questionnaire  at 1* session (baseline). General characteristics
questionnaire includes socio-demographic characteristic section, mobile phone usage
section and diabetic status section. General characteristics questionnaire will take
about 10 minutes. This questionnaire will be attached with modified MMAS
questionnaire, total time for these two questionnaires is 30 minutes.

3. The researcher will ask you for allowance for pill count medication
adherence percentage measurement by pill count procedure 4 times at 1% session
(baseline), 2™ session (15" month), 3™ session (2"¢ month) and 4 session (3" month).
Community pharmacist will do pill count procedure during the routine medication
dispensing process, total time for this procedure is about 30 minutes.

4. The researcher will ask you to answer modified MMAS questionnaire.
Your medication adherence will be measured by modified MMAS questionnaire 4
times at 1% session (baseline), 2" session (1% month), 3" session (2" month) and 4"
session (3 month). | will answer the questionnaire myself and it will take about 20

minute each time.
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The data were from blood specimen collecting, pill count medication
adherence percentage measurement and completed questionnaires. The researcher
will ask for your allowance to take photo and to record the video. After the study
finish, all data paper record will be put in document shredder and modern electronic
data storage will be managed to permanently get rid of data.

You probably experience some risks associated with routine blood collection,
such as pain, bleeding during the procedure, bruising, swelling at blood collecting
area and risk of being infected at blood collecting area which is rarely happen. For
unpredictable risks, you will feel side effect or other discomfort from blood
collecting procedure that are not shown in this information sheet. For your safety,
please don’t be hesitated to notify the researcher suddenly if any irregular incident
occurs. You probably feel uncomfortable or worried with some questions, you have
a right to deny answering those question and you have full rights to deny or
withdraw from the participation any time without any unpleasant effect.

Participants confidential information will be kept private and results of the
study will be reported as a total picture. Only permitted research colleague and the
Research Ethics Review Committee for Research Involving Human could access your
data.

You will not be charged any fee for the research and will be provided 100 bath
incentives for the whole participating in this research.

If you want to ask for more information, please feel free to contact the
researcher anytime. if there are any further advantage or threaten information about
the research, the researcher will remind you immediately to consider about the
research participation.

If you are not being treated exactly as specified in the research participants'
clarification documents. You can complain to the Ethics Committee in person.
United Institute of Institution No. 1 Chulalongkorn University 254 Chamchuri 1
Building, 2" Floor, Phayathai Road, Pathumwan District, Bangkok 10330
Phone / Fax 0-2218-3202 e-mail: eccu@chula.ac.th



mailto:eccu@chula.ac.th

187

Part Il. Informed consent form

3/350- 352, Soi Phahothin
54/1 Yak 4-18 Klongthanon, Saimai,

Bangkok,10220

Participant Code ...,

| who have signed here below do agree to participate in the study

Research title: Effectiveness of mobile application (EASYDM) for diabetes control
focusing on diabetes medication adherence among uncontrolled diabetes patients
attending primary care unit in Bangkok, Thailand: a randomized controlled trial
Principal investigator: Miss Nusaree Siripath Position PhD candidate, Collage of
Public Health Sciences, Chulalongkorn University

Address

Pattanavej Primary Care Unit (PCU): 3/350- 352, Soi Phahothin 54/1 Yak 4-18,
Klongthanon, Saimai, Bangkok, Thailand 10220

Telephone: (+66)29748432 Fax. (+66)29749717 e-mail: nhso22706@hotmail.com

(Home) 94/17 Chaiyapruk vill(Ramintra-Wongwan2) Kubon road,

Bang Chan sub-district, Khlong Sam Wa district, Bangkok Thailand10510

Mobile number: (+66)887824703 e-mail: nusaree.spk@gmail.com

| have thoroughly been informed about the background and the purpose of the
research; procedure detail that | should perform, and | will be treated in the
research, risk/danger and benefits of the research. | have already read the participant
information document carefully and | clearly understand it with satisfactions.

| understand that my participation is voluntary as specify in participant

information document,
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1. | agree to provide blood specimen for HbAlc measurement. Blood
specimen will be collected twice for HbAlc measurement at 1° session (baseline)
and 4™ session (3@ month). Blood specimen procedure will take about 60 minute
each time.

2 .| agree to answer a general characteristics questionnaire. My general
characteristic data will be collected once by general characteristics questionnaire at
1* session (baseline). General characteristics questionnaire includes socio-
demographic characteristic section, mobile phone usage section and diabetic status
section. General characteristics questionnaire will take about 1 0 minutes. This
questionnaire will be attached with modified MMAS questionnaire, total time for
these two questionnaires is 30 minutes.

3 . | agree to be measured my pill count medication adherence
percentage by pill count procedure 4 times at 1 session (baseline), 2" session (1
month), 3 session (2" month) and 4 ™ session (3" month). Community pharmacist
will do pill count procedure during the routine medication dispensing process, total
time for this procedure is about 30 minutes.

4 . | agree to answer modified MMAS questionnaire. My medication
adherence will be measured by modified MMAS questionnaire 4 times at 1°' session
(baseline), 2" session (1 month), 3 session (2" month) and 4™ session (3" month).

| will answer the questionnaire myself and it will take about 20 minute each time.

The data are from blood specimen collecting, pill count medication adherence
percentage measurement and completed questionnaires. | agree to be filmed and
videoed and all identified data will be destroyed within 3 months after the research
finish, all data paper record will be put in document shredder and modern electronic

data storage will be managed to permanently get rid of data.
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I also know my full rights to withdraw from this research at any time with no
reason required to give. This withdrawal will not have any negative impacts upon me;
negative impacts such as service quality at primary care units.

| have been confirmed and guarantee that the researcher will treat me as
specified in the participant information document and my confidential information
will be kept private and results of the study will be reported as a total picture. No
data in research report could bring to identified myself, unless with my willing
permission.

If I am not being treated exactly as specified in the research participants'
clarification documents. | can complain to the Ethics Committee in person. United
Institute of Institution No. 1 Chulalongkorn University 254 Chamchuri 1 Building, 2™
Floor, Phayathai Road, Pathumwan District, Bangkok 10330 Phone / Fax 0-2218-3202

e-mail: eccu@chula.ac.th

| sign the consent form in front of the witness. Moreover, | have already been

provided the copy of the participant information document and the consent form.

SIGN.ieeeeee Participant 1)1 OO Researcher
NaME...oouiiieeeeee e NaMe...ooiiieeee e,
SIBN.titititt e Witness
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Control
group

procedure

Time

Activities

1°t session
Baseline
data

collecting

7.00-7.30

1. Explain the brief details of this study include
objective benefit of the study and provide
information sheet and consent form. Make a
discussion on any question about the
information sheet and consent form, the
researcher will answer the question herself.
Then the participants make commitments by

signing on the consent form.

7.30-8.30

2. 1° Specimen collecting for HbAlc

8.30-9.00

3.Breakfast (Whole wheat bread sandwich & Un
sweeten Soymilk) * In PCU routine work: On
blood collecting appointment date, the
patients will be told to fast for at least 8 hours
before blood collecting. PCU will prepare
simple breakfast for the patients after blood
collecting to prevent hypoglycemia incident

during follow up procedure.

9.00-9.30

4. General characteristics data collecting by
general characteristics questionnaire and 1
medication adherence data collecting by

modified MMAS questionnaire.

9.30-12.30

5.Routine PCU procedure

5.1 Screening by chronic disease
management nurse.

52 Follow wup treatment by preventive

physician
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Control
group

procedure

Time

Activities

5.3 Dispensatory process on prescribed
medication community pharmacist. On this
process, community pharmacist will do 1st pill
count and record in pill count medication
adherence percentage recording form.

5.4 Personal counseling by chronic disease

counselor.

12.00-13.00

Lunch

2"session
1°" month
data

collecting

9.00-9.30

1.2" medication adherence data collecting by

modified MMAS questionnaire.

9.30-12.30

2.Routine PCU procedure
2.1 Screening by chronic disease management

nurse.

2.2 Follow up treatment by preventive
physician

2.3 Dispensatory process on prescribed
medication community pharmacist. On this
process, community pharmacist will do 2" pill
count and record in pill count medication
adherence percentage recording form.

2.4 Personal counseling by chronic disease

counselor.

3"ession
2" month
data

collecting

9.00-9.30

1. 3" medication adherence data collecting by

modified MMAS questionnaire.
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Control
group

procedure

Time

Activities

9.30-12.30

2.Routine PCU procedure

2.1 Screening by chronic disease
management nurse.

2.2 Follow up treatment by preventive
physician

2.3 Dispensatory process on prescribed
medication community pharmacist. On this
process, community pharmacist will do 3" pill
count and record in pill count medication
adherence percentage recording form.

2.4 Personal counseling by chronic disease

counselor.

4™Msession
34 month
data

collecting

7.30-8.30
8.30-9.00

9.00-9.20

1. 2™ Specimen collecting for HbA1lc
2.Breakfast (Whole wheat bread sandwich & Un
sweeten Soymilk) *In PCU routine work: On
blood collecting appointment date, the
patients will be told to fast for at least 8 hours
before blood collecting. PCU will prepare
simple breakfast for the patients after blood
collecting to prevent hypoglycemia incident
during follow up procedure.

3. 4" medication adherence data collecting by

general by modified MMAS questionnaire.

9.20-12.30

4 Routine PCU procedure
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Control
group

procedure

Time

Activities

4.1 Screening by chronic disease management
nurse.
4.2 Follow up treatment by preventive

physician

4.3 Dispensatory process on prescribed
medication community pharmacist. On this
process, community pharmacist will do 1°* Pill
count and record in pill count medication

adherence percentage recording form.

5.4 Personal counseling by chronic disease counselor.
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(English version)

Appendix D:

Questionnaire for Participant

Part 1: General characteristics HNL
Section 1: Sociodemographic characteristics Date. ..
Section 2: Mobile phone usage
Section 3: Diabetes status

Part 2: MMAS -8 Form (Morisky Medication Adherence Scales)

Questionnaires structure 2 parts
Please marking v in the [ ] block questions present a statement or question with
a list of possible answers, in which learners must choose the best possible answer.

Part 1: General characteristics

Section 1: Sociodemographic characteristics
(1) Gender
[ 1 Male [ ] Female
(2) Ao Years

(3) Education
[ INot-attending school [ ] Elementary school
[ JMiddle school
[ ] High school vocational schoolol /Diploma
[ ]Bachelor’s degree or above
(4) Family status
[ ISingle [ IMarried [ Jwidowed [ 1Others (specify) ............
(5) Income (Dath) ..o bath per month
(6) Do you smoke?
[ IYes [ ] No [ 1 Use to smoke (quite now)
(7) Do you drink alcohol?
[ IYes [ 1 No [ ] Use to drink (quite now)
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Section 2: Mobile phone usage
(8) How often do you use mobile phone a day?

[ ] 1-3timesaday[ ] 3-5timesaday[ ] More than 5 times

(9) How much time do you spend on your mobile phone application on average

in a day?

[ ] Less than 30 minutes [ 1 From 30 minutes to 1 hour

[ ] From 1 to 2 hours [ ] From2to3hours [ ] More than 3 hour

(10)Do you feel disturbing mobile Application notification?
[ ] yes [ ] no
Section 3: Diabetes status
(11) Duration of diabetes diagnosed .......c.ccccccovvevemnnce. years
(12)Comorbidity base side diabetes
[ ] No [ 1 Yes(more than one)
[ 1 Hypertension
[ ] Dyslipidemia
[ ] Psychological impairments
[ ] Other ...
(13)Do you recognize your HbAlc Level?
[ 1. Normal (4,5,6)
[ 2. Uncontrol diabetes (7,8,9)
[] 3. Severity Uncontrol diabetes (> 10)

[_] 4. Have no idea / Can’t remember
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Part2. Morisky Medication Adherence Scores

No Question Yes No

1) Do you sometimes forget to take your [health

concern] pills?

2) Do you sometimes miss taking their medications for
reasons other than forgetting? Over the past 2 weeks,
were there any days when you did not take your

medication?

3) Have you ever cut back or stopped taking your
medication without telling your doctor because you

felt worse when you took it?

4) When you travel or leave home, do you sometimes

forget to bring your medication ?

5) Did you take all your medication yesterday?

6) When you feel like your symptoms are under control,

do you sometimes stop taking your medicines ?

7) Do you ever feel hassled about your treatment plan?

8) How often do you have difficulty remembering to take
all your medicine?

|:| Never

D Once in a while

D Sometimes

] Usually

[

All the time

(13)  Morisky Medication Adherence Scores..................... (T out of 8)



Appendix E:

Medical Record Form by Researcher and Assistant Researcher

Partl HbA1c recording form
1) HbA1C

197

Laboratory baseline 1 Month | 2™ Month | 3 Month

HbA1C

2) HbAI1C level evaluation

Date baseline 34 Month HbAlc (%)

Fair control

Part 2. Pills count recording form

number dispensed | remaining medication

adherence (%)

Date | Prescribed | Quantity Quantity Pill count Remark

Baseline

1 **Month

2 " Month

3 “Month




Part 2: medical Record from MMAS (Morisky Medication Adherence Scores)
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No

Question

Base

line

1st
Month

an
Month

3rd
Month

1)

Do you sometimes forget to take your [health

concern] pills?

2)

Do you sometimes miss taking their

medications for reasons other than forgetting?

Over the past 2 weeks, were there any days

when you did not take your medication?

3)

Have you ever cut back or stopped taking

your medication without telling your doctor

because you felt worse when you took it?

4)

When you travel or leave home, do you

sometimes forget to bring your medication ?

5)

Did you take all your medication yesterday?

6)

When you feel like your symptoms are under

control, do you sometimes stop taking your

medicines ?

7)

Do you ever feel hassled about your

treatment plan?

8)

How often do you have difficulty
remembering to take all your medicine?
Cnever
Clonce inawhile 0 sometimes
O Usually O Al the time

Morisky Medication Adherence Scores
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Appendix F:
Screenshoots of EASYDM mobile application

€D rersonat information
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®_ Hottine
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3— Exarcisa
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Cover all items following THAI DM standard care

1.Security & Personal information

Personal Information =]

ee =

Easy DM

Security login by ID & password setting

2.Drug list & reminder

Drug name, drug photo, time remind and response record
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Drug List

Program
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Appendix G:
Questionnaire (Thai version)
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User Manual of EASYDM Mobile Application
(THAI version)
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