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Background: Antihypertension medical adherence is important for controlling blood
pressure in hypertension patients. Adherence to antihypertension medication among elderly Thai

persons in the rural area is low, which contributes to uncontrolled blood pressure.

Objective: To examine whether an intreated education program and innovative pill box
improves adherence to medications and to improve controlling blood pressure among Thai elderly

persons with hypertension.

Methods: A randomized controlled trial. 200 elderly persons with hypertension who
received at least one hypertension medication, at least once daily, were randomized into two
groups. One group received the usual education program (control group) and the second group
(intervention group) received education program and a Thai Intelligent Pill Box. Intervention
continued for three months. The perception and satisfaction of using this pillbox was explored and
reported in this study. Intention to treat analyses using t- test and repeat ANOVA to compare the

difference between two groups.

Result: Antihypertension medication adherence after three months was statistically
significant different between the intervention and control group. Intervention group showed
adherence higher than in the control group; mean difference 4.72 (95% Cl ;0.61 to 8.85), p-value
<0.025). Systolic blood pressure was no different between two groups while diastolic blood
pressure was statistically significant different between two group at three months post intervention.
Participant’s perception and satisfaction on functionality and features, as well as the design and

size, were positive among participants.

Conclusion: This randomized controlled trial demonstrates that the integration of
program to improve medical adherence and Thai- intelligent pill box improved medical adherence

among Thai elderly hypertension patients in rural area.
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Chapter |

1.1 INTRODUCTION AND RATIONALE

Hypertension is a major of public health problem and is responsible for millions of
deaths worldwide. Each year worldwide, 45% of deaths are due to heart disease and
51% due to stroke cause by hypertension. Two thirds of these patients are in the
developing countries. In the Southeast Asia countries, high blood pressure is the
leading risk factor for death claiming 1.5 million lives each year(1) Moreover,
hypertension is also a quiet sign of danger that causes death, as it commonly does not
show signs and symptoms. Many people have hypertension and do not know they
have it. Most of them do not receive any treatment which leads to 1.5 million deaths
from hypertension each year in South East Asia Countries(2, 3).

Thailand also reports high prevalence of hypertension among its population In the 5th
National Health Exam Survey in 2008-2009, the results show the prevalence of
hypertension in Thailand was 24.7% especially among elderly group as the prevalence
of conditions increased with age(4, 5). Aging is major influences of several morphologic
and function features of human body. Age-related has a significant impact on the
healthy elderly. Hypertension is one major disease that affects most elderly people,
these individuals are more likely to have clinical cardiovascular disease (CVD)(6).The
elderly population in Thailand aged 60 years and older has been rapidly increasing
from a total of 5.87 million (9.5 % of total population) in 2000 to and 8.38 million (12.6
%) in 2010 and this is expected to increase to 12.39 million (17.8%) in 2020(7). Based
on this rapid increasing of elderly population, the health care system plan at the all

levels to make the health services suitable for elderly(8).



In elderly with hypertension, uncontrolled blood pressure is commonly reported. Poor
medical adherence has been primary reason of hypertension patients do not achieve
full treatment which leads to uncontrolled blood pressure(9). Retrospective analyses
indicate that approximately 40% of patients with newly diagnosed hypertension will
discontinue their antihypertensive medications during the first year of treatment.
During 5 to 10 years of follow-up, less than 40% of patients may persist with their
prescribed antihypertensive treatment(10, 11). Studies indicated that patients who are
adherent to antihypertensive medications are 45% more likely to achieve blood
pressure control. A 25% increase in medication adherence has also been associated
with a 1.0 mmHg and a 1.2 mmHg reduction in systolic and diastolic blood
pressures(12, 13). There are numerous factors that affect adherence at the individual
level, including lifestyle, psychological issues, health literacy, support systems, and
side effects of medications. Although the reasons for not being adherent are diverse,
few of the most commonly reported barriers is forgetfulness, carelessness, changing
medication schedule, busy life style and stopping medication due to improvement or
deterioration in symptoms(14). Indeed, patients' personal attributes probably have the
strongest influence on adherence(15).

Thailand national statistic 2013, report 41 % of elderly has hypertension and almost
50 % of this group are poor adherence and uncontrolled blood pressure(16).Study
show that for this group after a year of being diagnosed and receive medication, almost
half of them stop taking antihypertension drug due to no signs and symptoms. Then
after two years, the study found more than half of drug adherence has been decreased

and some of them completely stop taking medication(17).



Even though there are few methods are being implemented and examined its effect
to improve antihypertension drug adherence in Thailand but there is still limit
knowledge on innovative methods on how to improve medical adherence among
elderly hypertension patients in the rural area. Studies suggested that home visit and
pill count also show the positive impact as well as using reminder package(18). Few
studies suggested promoting family in the medication management also provide
positive outcome. However, the idea of family being involved in the hypertension drug
adherence can only applied in some family but not for those families that working age

family members work outside(19).

The change in physical functions associated with ageing leads to decreasing function
in every organ and system in the elderly person’s body. The effects of the brain
function decreasing such as loss of memory, problem of hearing and seeing, may be
the major cause of poor adherence in elderly(20).Being poor adherence to
antihypertension in elderly can cause serious health problems such as stroke, disability,
and death that will not affect only individual health problem but it will affect family
and society. Evidence from studies suggested on strategy to improve medical
adherence among elderly that using only theory and provide information is not enough
to improve medical adherence. The integration of multi approaches with innovative
and cost effective strategy should be implemented and researched(21).For this study,
we integrate the usual chronic diseases education program on medical adherence with
innovation reminder pill box. This integration is based on the Health Belief Model.The
usual education program includes providing knowledge on the negative consequence

of nonadherence of antihypertension and the benefit of being adherent and use of



the reminder pill box as cues to action. The Aging theory which focus on the change

of physical function also incorporated into the design of the pill box.

In some western countries, the electronic pill box is commonly used to manage
medication. There are private companies import these pills dispenses into Thailand
but due to the expensive cost these pill boxes are not popular among Thai. The
manual pill box is still popular among urban Thai due to its affordable cost but not in
the rural area where people considered as low income. In rural area of Thailand, the
innovative and cost-effective methods to help elderly manage their medication need

to be developed and investigated.

In this study, we developed an innovative simple reminder pill box called the Thai-
intelligent pill box, which aims to assist the elderly to improve antihypertension drug
adherence. This Thai- intelligent pill box works as reminder packaging for certain
individuals may represent a simple method to improve drug adherence. We design
and develop this pill box based on user elderly perspective and their recommendation
as well as health care provider recommendations. In additional we design pill box from
incorporate idea from root cause for poor adherence in the real situation from the
field. The innovative functions that brand-new design suitable for elderly and not
duplicate with any existing pill box. The functions in the Thai- intelligent pill box

include;

1. Nine compartments for medications.
2. Compartments difference sizes that suitable for different kind of pills, size of

compartment start from 0.5 mm. to 13 mm.



3. Each compartment can contain medicine supply that take one tablet per day
from 7 to 30 tablets.

4. Each of compartment can identify time to take medicine by reflective color
tape that help patient identify which medicine to take at and when to take
medicine. Orange for morning, dark blue for lunch, pink for evening and light
green for before bed time.

5. The alarm could be set for 4 groups as a reminder in accordance with four
time include morning, lunch, evening and before bed.

6. The alarm system has snooze function.

7. Slide murky glass door that can protect medicine from light.

8. On the slide glass door place sticker which lable name of medication, how
many tablets to take, and when to take this for patients or care taker can
recheck whether patient taking the right medicine, right dose and the right
time.

9. In the body of the box have place to put name of patient.

10. Using simple and long lasting affordable battery (3V CR2025 or CR2030)

The Thai-intelligent pill box was aimed improve the individual’s adherence to
hypertension drug. This pill box is designed and built in Thailand which can reduce
cost of import. This will help Thai people to have a device that has a positive effect
to their health at affordable cost. The study was conducted in BuengKan Province.
This province is in North East of Thailand, reported a high number of elderly with
hypertension. The high percentage of poor adherence is a primary reason for selecting

this area.



This study aimed to design and develop the Thai- intelligent pill box. As well as test
the effect of the pill box in improve antihypertension drug adherence. The qualitative
study, one group quasi experimental before and after intervention was conducted to
test feasibility of the pill box and patients attitude and satisfaction. The result from
the trial was incorporate to develop the final Thai-intelligent pill box before expand
development of the pillbox to 100 boxes and conduct a randomized controlled trial
to test the effect of the pillbox in improve antihypertension medical adherence. The
primary objective of this true experiment study was to test the effect of the Thai-
intelligent pill box on increasing medical adherence rate among elderly. In Additional,
it will examine the effect of the Thai- intelligent pill box in helping elderly to control
their blood pressure.

1.2 Research Gap

1. There is limited of formative research on innovative methods to improve
hypertension medical adherence among elderly with hypertension patients in

rural of Thailand.

2. There is limited knowledge on the effects of the use of an electronic

reminder pill box on medical adherence in rural of Thailand.

1.3 Research Question

1. What are the effect of Thai- intelligent pill box on medical adherence among

elderly with hypertension in Buengkan province, Thailand?

2. What are the effect of Thai- intelligent pill box on blood pressure among

elderly with hypertension in Buengkan province, Thailand?



3. What are the attitude and satisfaction toward Thai- intelligent pill box among

elderly with hypertension in Buengkan province, Thailand?

1.4 Research Objective

General Objective
1. To examine the effect of Thai-intelligent pill box on medical adherence in elderly

with hypertension in Buengkan province, Thailand.

2. To examine the effect of Thai-intelligent pill box on blood pressure in elderly with

hypertension in Buengkan province, Thailand.

3. To determine perception and satisfaction toward Thai-intelligent pill box among

elderly with hypertension in Buengkan province, Thailand.
Specific Objectives

1. To compare medical adherence before and after implement the Thai-

intelligent pill box in hypertension patients.

2. To compare blood pressure before and after implement the Thai- intelligent

pill box in hypertension patients.

3. To compare the medical adherence between the usual health education

program and usual health education program with Thai- intelligent pill box.

4. To compare patient’s blood pressure between the usual health education

program and usual health education program with Thai-intelligent pill box.

5. To determine the perception and satisfaction toward Thai-intelligent pill box

among elderly with hypertension.



1.5 Statistical Hypothesis

Ho = There is no difference in medical adherence and blood pressure in usual care

with intelligent pill box and usual care program.

Ha = There is difference in medical adherence and blood pressure in usual care with

intelligent pill box and usual care program.

1.6 Operational Definition

1.

Intelligent pill box is the electronic medicine reminder that is designed for
elderly with hypertension which can contain 9 medications supply for at least
7 to 30 days and alarming function that remind elderly hypertension patient
to take medication in the right time. The labels over the clear tinted slide
murky glass door help remind the right dose and right medication. The tinted

murky glass door protects medicines from light or sun light exposure.

Medical adherence for this study refer to antihypertension medication
adherence. It is the level which a person follows the recommendation from
the health care provider in this study is refer degree of follow the hypertension
prescription. The medical adherence in this study define and measure by pill
count. Pill count is number of pills that absent in a given time period divided
by the number of pills prescribed in the same period of time. For this study if
it is greater or equal to 70 percent mean that the adherence to

antihypertension is good according to review literature.

The percentage of antihypertension medical adherence will be classified into

5 levels as following;



Level 1:80.0-100.0 percent = Very good
Level 2:70.0-79.0  percent = Good

Level 3:60.0-69.0 percent = Acceptable
Level 4 : 50.0-59.9  percent = Poor

Level 5 < 50.0 percent = Non adherence

3. Elderly is a person male or female age equal and above 60 to 79 years old

calculated from birthday until the day of collecting data for this study.

4. Blood pressure is pressure in blood vessel. It is created by the force of blood
pushing against the walls of blood vessels (arteries) as it is pumped by the heart.
For this study uncontrolled blood pressure is when diastolic blood pressure > 140

mmHg and systolic blood pressure > 90 mmHes.

5. Hypertension is a condition in which the blood vessels have persistently raised
pressure. Blood is carried from the heart to all parts of the body in the vessels.

Each time the heart beats, it pumps blood into the vessels.
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CHAPTER Il

2. LITERATURE REVIEW

This chapter contains a review of the literature and explores facts and theories on
hypertension and medical adherence. The content also provides an overview of
knowledge sharing from evidence and research on hypertension, medical adherence
and non-adherence, factors related to medical adherence, and nature medical
adherence behavior. Related studies worldwide, including Thailand, are included in
this chapter.

The facts, theories and relevant research were reviewed as follows;

2.1 Hypertension
1. Definition of hypertension

World Health Organization defines hypertension is one of the severe risk factor of
cardiovascular disease when the blood pressure is above the threshold which refer
diastolic blood pressure above 140 mm.Hg. and systolic blood pressure above 90

mm.Hg. (22).

Thomas D. Giles give the definition of hypertension as a progressive cardiovascular
syndrome arising from complex and interrelated etiologies. Early markers of the
syndrome are often present before BP elevation is sustained; therefore,
hypertension cannot be classified solely by discrete BP thresholds. Progression is
strongly associated with functional and structural cardiac and vascular abnormalities
that damage the heart, kidneys, brain, vasculature, and other organs and lead to

premature morbidity and death. Reduction of BP when target organ damage is
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demonstrable or the functional precursor of target organ damage is present and still

reversible generally reduces the risk for CV events(23).

Center of Disease Control and Prevention define hypertension as blood pressure is
higher than normal. The DCD.
Blood pressure levels

® Normal systolic : less than 120 mmHg and Diastolic: less than 80 mmHs.

® At Risk (prehypertension: Systolic 120-139 mmHg and Diastolic 80-89 mmHg.

® High : Systolic 140 mmHg Diastolic or higher and Diastolic 90 mmHg or

higher(24).

Hoeper MM,et.al define hypertension from a mean pulmonary artery pressure >25

mm Hg at rest, measured during right heart catheterization. (25).

American Heart Association give definition of hypertension as high blood pressure is
the force of blood pushing against blood vessel walls. High blood pressure (HBP)
means the pressure in arteries is higher than it should be when the diastolic blood
pressure equal and above 140 mm.Hg and systolic blood pressure is equal and

above 90 mm.Hg(26).

For the purpose of this study, we defined hypertension as high blood pressure
when systolic > 140 mm.Hg. and diastolic 290mm.Hg. we will be using patients
who have already been diagnosed with hypertension by their primary care
physician or clinic and generally follow the guideline of consistent blood pressure

higher than 140/90 mm.Hg.
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2. Factors related to hypertension

While there are many factors related to causes of hypertension, the most common
factors were defined. They include:

Age: The risk of high blood pressure increases as you age. Through early middle
age, or about age 45, high blood pressure is more common in men. Women are
more likely to develop high blood pressure after age 65. Study claimed that age
is the main clinical determinant of large artery stiffness. A number of clinical
studies have analyzed the effects of age on aortic stiffness. Increase of central
artery stiffness with age is responsible for earlier wave reflections and changes in
pressure wave contours. The stiffening of aorta and other central arteries is a
potential risk factor for increased cardiovascular morbidity and mortality. Arterial
stiffening with aging is accompanied by an elevation in systolic blood pressure
(BP) and pulse pressure (PP).(27, 28).

Family history: High blood pressure tends to run in families. Systematic review
and studies show significant association between family history and
hypertension.(27).

Being overweight or obese: over weight causes blood need to supply oxygen and
nutrients to tissues. As the volume of blood circulated through blood vessels
increases, so does the pressure on artery walls(29, 30).

Lack of exercise: People who are inactive tend to have higher heart rates. The
higher the heart rate is, the harder the heart must work with each contraction
and the stronger the force on the arteries. Lack of physical activity also increases
the risk of being overweight(31).

Tobacco use: Not only does smoking or chewing tobacco immediately raise

blood pressure temporarily, but the chemicals in tobacco can damage the lining
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artery walls. This can cause arteries to narrow, increasing blood pressure.
Secondhand smoke also can increase blood pressure(32).

Salty diet: Too much sodium in diet can cause body to retain fluid, which
increases blood pressure(33).

Alcohol use: Over time, heavy drinking can damage heart. Having more than two
drinks a day for men and more than one drink a day for women may affect blood
pressure(34).

Stress: High levels of stress can lead to a temporary increase in blood
pressure(35).

From the review above, there are several risk factors related to hypertension. We
focus on elderly who was diagnosed as hypertension which some of risk factors
are related to their behavior to control of blood pressure. This study aimed to
develop program to help hypertension patients to control their blood pressure by
adhering to the antihypertension medication. However, the behavior change
approach and providing information on how to control blood pressure by
controlling these risks factor is also the approach including in the intervention being

develop in this study.

3. Signs and Symptom of hypertension

High blood pressure is often referred to as the “silent killer.” The reason for this is
that in normal circumstances, hypertension really has no signs or symptoms.
However, during times of elevated blood pressure, there are signs and symptoms
that may appear.

According to the Center for Disease Control and Prevention, symptoms that may be

possible with elevated high blood pressure include:

® Severe headache
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® Fatigue, which could include general confusion

® Problems with your vision

® Pains in the chest

® Problems with breathing under normal daily tasks
® |rregular heartbeat

® May experience blood in the urine

® High blood pressure in the veins could lead to pounding sensation in the

chest, neck or ears(24).

4. Diagnosis of Hypertension

Hypertension is diagnosis by the level of blood pressure (systolic blood pressure,
SBP>140 mm.Hg. and/or blood pressure (diastolic blood pressure, DBP > 90
mm.Hg.

Isolated systolic hypertension (ISH) mean the level of blood pressure >140 mm.Hg.
but level of DBP < 90 mm.Hg. Isolated hypertension or white coat hypertension
(WCH) refers to the blood pressure being measure in the clinic, hospital or other
health facilities and found SBP> 140 mm.Hg. and/or CBP > 90 mm.Hg. but when
measure blood pressure from the automatic blood pressure measurement tools
at home, the level of blood pressure not high (SBP<135 mm.Hg. and DBP< 85
mm.Hs.

Masked Hypertension mean the level of blood pressure being measure at the clinic,
hospital or health facility found SBP < 140 mm.Hg. and DBP < 90 mm.Hg. but when

measure at home SBP > 135 mm.Hg. and /or DBP > 85 mm.Hg(36).
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Table 2- 1 Definitions and classification of office blood pressure levels (mmHg) in

adults aged > 18 years.

Categories SBP (mmHg) And/or | DBP (mmHg)
Optimal <120 And <80
Normal 120-129 And/or | 80-84
High normal 130-139 And/or | 85-89
Grade 1 hypertension (mild) | 140-159 And/or | 90-99
Grade 2 hypertension | 160-179 And/or | 100-109
(moderate)

Grade 3  hypertension | 2180 And/or | 2110
(severe)

Isolated systolic | 2140 And <90
hypertension

SBP - systolic blood pressure, DBP - diastolic blood pressure. The higher levels of

SBP or DBP should be applied(36).

5. Measuring blood pressure

Health care provider should be trained and practice how to measure blood

pressure. The measuring of blood pressure process includes;

1. Prepare patients: before measure blood pressure, patient should not drink
coffee or tea as well as alcohol or smoke any cigarette prior measure blood
pressure at least 30 minutes. Patients should urinate before measuring blood

pressure. Give patients 5 minutes in the quiet and peace room. Sit in the relax
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position on the chair, two foots are on the floor, do not speak or talk while
measuring blood pressure. Left or right arm which is measure put on the table.

2. Blood Pressure measurement tool. To measure blood pressure, there are two
types of tools: mercury sphygmomanometer and automatic blood pressure
monitoring device. These tools should be checked regularly. When measure
blood pressure should consider using the arm cuff that fit for patient. And the
bladder should be long enough to put around the arm. 80% of patients using
bladder size 12 x 22 cms.

3. Measure blood pressure. Measure at the arm that is not used regularly (non-
dominant arm). Use the arm cuff and the arm cuff bladder should be at least
equal to 80% of the circumference of the upper arm. Warp the cuff around the
upper arm with the cuff’s lower edge one inch above the antecubital fossa.
Lightly press the stethoscope’s bell over the brachial artery just below the cuff
edge. The rapidly inflate the cuff to 180 mmHg. Release air from the cuff at a
moderate rate at 3 mm/sec. Listen with the stethoscope and simultaneously
observe the dial or mercury gauge. The first knocking sound (Korotkoff) is the
subject's systolic pressure. When the knocking sound disappears, that is the

diastolic pressure (such as 120/80). Record the pressure(36).

6. Complications of Hypertension

Heart attack or stroke: High blood pressure can cause hardening and thickening of
the arteries (atherosclerosis), which can lead to a heart attack, stroke or other
complications(37).

Aneurysm: Increased blood pressure can cause your blood vessels to weaken and

bulge, forming an aneurysm. If an aneurysm ruptures, it can be life-threatening(38).
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Heart failure: To pump blood against the higher pressure in blood vessels, the
heart muscle thickens. Eventually, the thickened muscle may have a hard time
pumping enough blood to enough for body's needs, which can lead to heart

failure(39).

Trouble with memory or understanding: Uncontrolled high blood pressure may
also affect patient ability to think, remember and learn. Trouble with memory or
understanding concepts is more common in people with high blood pressure(40,

a1).

Uncontrolled hypertension: when considering uncontrolled hypertension that
mean the blood pressure level of patients higher that level of controlling which
difference from each guideline. For this study we focus on the guideline from the
Thai Hypertension Society which mean BP< 140/90 mmHg for non-diabetic
patient. For diabetic patients BP control at 130-139/80-85 mmHs. Bp < 130/80

mmHg. For patient high risk for CVD or have CVD (36).

Resistance hypertension: there are two definitions to define the resistant

hypertension.

1. Uncontrolled blood pressure in patients who are treated with three or
more on diuretic drug.
2. Hypertension patients who can control blood pressure but being treated
by more than 4 groups of medication(36).
This study aims to enable patients to adhere to their drug regimen that is
prescribed by their doctor to control hypertension. Serious complications can

occur from continued high blood pressure and in elderly patients, could be fatal.
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Improving adherence to the drug prescription to control hypertension is intended

to lessen the risk of complications.

7. Treatment of hypertension

The most common drug treatments for hypertension fall into the following
categories as articulated,;

Thiazide diuretics: Diuretics are medications that act on kidneys to help body
eliminate sodium and water, reducing blood volume. Thiazide diuretics are often
the first, but not the only, choice in high blood pressure medications. Thiazide
diuretics include hydrochlorothiazide (Microzide), chlorthalidone and others. If
taking a diuretic and the patient’s blood pressure remains high, the doctor may
add an additional medication or replace it. Diuretics or calcium channel blockers
may work better for black and older people than do angiotensin-converting
enzyme (ACE) inhibitors alone. A common side effect of diuretics is increased

urination(42).

Beta blockers: These medications reduce the workload on heart and open blood
vessels, causing heart to beat slower and with less force. Beta blockers include
acebutolol (Sectral), atenolol (Tenormin) and others. When prescribed alone,
beta blockers don't work as well, especially in black and older people, but may

be effective when combined with other blood pressure medications(43).

Angiotensin-converting enzyme (ACE) inhibitors: These medications such as
lisinopril (Zestril), benazepril (Lotensin), captopril (Capoten) and others help relax

blood vessels by blocking the formation of a natural chemical that narrows blood
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vessels. People with chronic kidney disease may benefit from having an ACE

inhibitor as one of their medications(44).

Angiotensin Il receptor blockers (ARBs): These medications help relax blood
vessels by blocking the action, not the formation, of a natural chemical that
narrows blood vessels. ARBs include candesartan (Atacand), losartan (Cozaar) and
others. People with chronic kidney disease may benefit from having an ARB as one

of their medications(45).

Calcium channel blockers. These medications — including amlodipine (Norvasc),
diltiazem (Cardizem, Tiazac, others) and others — help relax the muscles of
blood vessels. Some slow the heart rate. Calcium channel blockers may work

better for black and older people than do ACE inhibitors alone(46).

Renin inhibitors: Aliskiren (Tekturna) slows down the production of renin, an
enzyme produced by your kidneys that starts a chain of chemical steps that
increases blood pressure(47). Tekturna works by reducing the ability of renin to
begin this process. Due to a risk of serious complications, including stroke, the
patient shouldn't take aliskiren with ACE inhibitors or ARBs(47).

The initial focus of treatment for all hypertension will be a review of the patient’s
lifestyle and factors that may be attributing to the hypertension. Changes to the
patient’s lifestyle can have significant impact to treating hypertension without
medication. A healthy lifestyle and diet are at the foundation of lifestyle changes.
This could include a lower sodium diet, the inclusion of an exercise program, stop
smoking, moderate drinking of alcohol and techniques for handling stress, such as

meditation at the Temple. However, the target patients of this study may be less
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able or willing to make lifestyle changes due to their age and environment.
Compliance to the patient’s drug treatment is critical to successful treatment of
hypertension.

Treatment of hypertension in Elderly patients:

Be aware of BP variability, WCH, white coat effect, orthostatic and post-
prandial hypotension. Therefore, proper home BP measurement should be
endorsed if available. CCBs and diuretics are drugs of choice, either alone or in
combination. ACEIs/ARBs,Ql blockers and direct vasodilators can be added
sequentially if needed(36).

Elderly

1. Definition of elderly

World health organization provide the explanation of elderly as the human body
change according to biological, ageing results from the impact of the accumulation
of a wide variety of molecular and cellular damage over time. Aging define at 65
years old of age. The wear and tear overtime lead to a gradual decrease in physical
and mental capacity, a growing risk of disease, and ultimately, death. However, the
change is not happening in every case some elderly at 70-year-olds enjoy still good
health and functioning, other 70-year-olds are who require help from others.
Beyond biological changes, ageing is also associated with other life transitions such
as retirement, relocation to more appropriate housing, and the death of friends

and partners(48)

European Working Group on Sarcopenia in Older People (EWGSOP) define elderly

as a grave change associated with human age which is progressive decline in muscle
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mass, skeletal and a downward spiral that may lead to decreased strength and
functionality and system in the body. When the person age some older person has

negative outcomes such as physical disability, poor quality of life and death(49).

For this study, elderly refer to person who 60 years of age who have physical and
mental change due to age.

2. Common health conditions in elderly

The most common health condition in elderly such as hearing loss, difficulty of
seeing, cataracts and refractive errors, loss memory, back and neck pain and
osteoarthritis, chronic obstructive pulmonary disease, diabetes, depression, and
dementia. Moreover, when people age, they are more likely to experience several
conditions at the same time(50).Aged is one of characterized leading of many
health condition that cause the major of diseases later in life. These are commonly
called geriatric syndromes. They are often the consequence of multiple underlying
factors and include frailty, urinary incontinence, falls, delirium and pressure

ulcers(50, 51)

3. Factors influencing Healthy Ageing

Although some of the variations in older people’s health are genetic, much is due
to people’s physical and social environments - including their homes,
neighborhoods, and communities, as well as their personal characteristics — such
as their sex, ethnicity, or socioeconomic status(52). There are some environmental
factors around elderly people that cause problem in older people. Studies proved
that the environment factor is cause ageing process at every stage of life. The

environments merge with personal characteristic that effect on health in the long
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term.  Environments are an important influence on the development and
maintenance of healthy behaviors. Maintaining healthy behaviors in every stage of
life such as eating a healthy food, practice regular physical activity, and away from
tobacco use all contribute to reducing the risk of non-communicable diseases and

improving physical and mental capacity(53).

Supportive environments can help people do what is have positive effect to
them but sometimes it is difficult to create environment that can enhance
positive impact on health for elderly. In Australia there was study conducted to
examine the association of environment and physical activities of older people.
The result from this study suggested finding and create suitable environment is
the way to help elderly to maintain their health as they have facilities that they
can take care of their health. (54, 55).

2.3 Medical Adherence

1. Definition of medical adherence
Since the year 1976, David Sackett and Brain Haynes propose the words
compliance on their first book about compliance(56). Then in the year 1979 the
following book with titled “compliance in health care” which include many
researches on compliance. In this book’ compliance define as the extent to
which a person’s behavior in terms of taking medications coincides with medical
or health advice. According to Haynes, the terms compliance and adherence are
the same meaning(57). For this study, we will use the word adherence which use
to explain in the area where patients have right to determine to follow his or her

treatment.
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World Health Organization defined adherence as “the extent to which the patient
follows medical instructions” was a helpful starting point. However, the term
“medical” was felt to be insufficient in describing the range of interventions used
to treat chronic diseases. Furthermore, the term “instructions” implies that the
patient is a passive ,acquiescent recipient of expert advice as opposed to an
active collaborator in the treatment process(58).

Joyce A .et.al gave definition of Medical Adherence as: Adherence has been
defined as the “active, voluntary, and collaborative involvement of the patient in
a mutually acceptable course of behavior to produce a therapeutic result.” This
definition implies that the patient has a choice and that both patients and
providers mutually establish treatment goals and the medical regimen.
Medication adherence usually refers to whether patients take their medications
as prescribed (e.g., twice daily), as well as whether they continue to take a
prescribed medication(59).

P. Michael Ho et.al. refers medical adherence is whether patients take their
medications as prescribed as well as whether they continue to take a prescribed
medication(60).

Bernard Vrijens et.al. provides a new terminology of Adherence. They defined
adherence is the process by which patients take their medication as prescribed,
further divided into three quantifiable phases: ‘Initiation’, ‘Implementation’ and
‘Discontinuation’. The result from their study gave in a new conceptual foundation
for a transparent taxonomy(61).

In this study, medical adherence is the level which a person volunteer,
collaborative to follows the recommendation from the health care provider in this

study is refer degree of follow the hypertension prescription.
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2. Factors effect on medical adherence

Adherence is simultaneously influenced by several factors. The ability of patients
to follow treatment plans in an optimal manner is frequently compromised by
more than one barrier, usually related to different aspects of the problem. These
include: the social and economic factors, the health care team/system, the
characteristics of the disease, disease therapies and patient-related factors.
Solving the problems related to each of these factors is necessary if patients’
adherence to therapies is to be improved.

The qualitative show result from interview over 400 patients , result from this
qualitative suggested that patient become poor adherence to their
antihypertension medication because they feel well and not sick(62).

Age: study claim that when compare between older and younger age, older age
alone is not related to poorer medication adherence. Study suggested that
should focus in younger new patients diagnose with chronic diseases. Morris B.A
report on his study that increase age is associated with systolic and diastolic
when measure the drug adherence. (27, 63).

Gender: result from studies suggested that gender is significant in drug adherence.
There are disparities between women and men in their intensity of medication
use, their adherence to medications, and their likelihood of receiving guideline-
based drug therapy(64, 65).

Education: study in medical adherence in patient, evidence suggested that
education patients are more likely to adherence to medication prescription.
Study suggested that provide more information to patients may improve their

adherence to the medication(66).
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Occupation: study show that the occupation is related to medical adherence.
Some jobs have schedules that could lead to poor adherence than another job.
When person had to work in the schedule that they cannot leave to take their
medicine follow the prescription. Example of this group such as factories
employee (67).

Marital status: evidence from study that tests the relationship between
psychosocial factors and hypertension-related behaviors. Being married was
associated with higher probability of medication adherence(68).

Number of antihypertension drug taking: Study show the result that number of
medication taking can improve patient adhering to the medication. The study
suggested that increasing number of pills prescribed significantly improved
adherence Significant associations, upon multivariate analyses, included number of
drugs that a patient was taking(69).

Duration of taking antihypertensive drugs: study was conducted to examine of the
relationship of shorter duration of antihypertensive agents used and drug
adherence, the result found out that the shorter duration of taking drug show
negatively associated with drug adherence(70).

Living Arrangement: The meta-analysis from 122 studies found that the function
of social support such as family cohesiveness and conflict, emotional and social
support. It proves that living arrangements by being married or living with
someone shows the highest correlation with medical adherence. It found that
patients become adhering to their medication 1.74 times higher than patient from
cohesive family and live alone. Result for studies show that living with another

person help in increase adherence(71).
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Relationship with caretaker: Studies in the U.S. test the effect of the caregiver
intervention and the medical adherence in dementia people who are care at
home. Study found that modifiable caregiver and the treatment implementation
factors, including active care giver engagement was associated with adherence. It
show result that caregiver with poor health could be risk for not being helpful in
improve health of patients(72). Few studies explain that family member is
primary caregiver for elderly at home. Therefore, result from these study show
that family that have close relationship among them may effect in result of
health outcome among elderly patients who are care by family caregiver(73, 74).
Alcohol use: evidence from study that analyze from secondary data in the U.S.
found there is relationship of alcohol misuse and nonadherence. The researcher
hypothesis that alcohol misuse may be a risk factors for poor medical adherence
or nonadherence. The study using patients Alcohol Use Disorder Identification
Test (AUDIT) score and using the logistic regression to estimate the predicted of
adherence in patients from each AUDIT group. Result from study reported
alcohol misuse was associated with increased risk for medical non-adherence(75).
Type of health care insurance: From review, there are limited studies on the
relationship between types of health care insurance. However, for this study, the
researcher refers the cost of treatment to patients have ability to pay for their
medical care as the way of the health care insurance would pay for this cost.
The systematic review shows that cost is one of the risk factors for
nonadherence. The study finds the relationship between medical cost and non-
medication adherence. Result from 19 studies found that some patients not

adhering to their treatment due to the costs and financial burden. The review
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suggested that reduce cost related to medical adherence which less cost would

benefit for patients to continue compliant to the treatment(76).

Self-perceived health status: the evidence show the relationship between the

perceived health status and drug adherence(77).

1. Abilities of Daily living: in elderly, there are several risk factors that influence of
cognitive, medical, behavioral and social risk factor on medical nonadherence.
Evidence from study result that conceptualization can predicted
nonadherence(76).Some study using the abilities of daily living instrumental and
production of a behavioral record that could be subjected to analysis. There
was a cross-sectional study of the ability of living in healthy elder to follow their
medication regimen. The ability of daily living has important implication for
medication adherence which cognitive impairment in elderly has negative
impact on medication adherence(78). Activity of Daily Livings are a basic activity
performed by individuals on their daily basis. It is necessary for independents
living at home or in the community. There are several ways to definite of the
activities of daily living, but most identify in 5 categories include;

a) Personal hygiene such as ability to bathing, grooming and care oral.

b) Dressing such as ability to choose appropriate clothes and dress yourself.

c) Eating such as ability to feed oneself though but not necessary to prepare
foods.

d) Maintaining continence which includes both mental and physical ability
to use restroom.

e) Transferring refer to moving oneself from seated to standing and get in

and out of bed.



29

This assessment is assessed whether an individual can perform those activities on their
own if they rely on a family or caregiver. The ability to perform the ADLs is a compare
time measurement of individual independence(79).

Factors for non-adherence vary among age groups, demographics and lifestyles. For
this study, there are a few common factors in the elderly for non-adherence.
Forgetfulness is common. This could be age related how active the patient may be
with work or family; distractions from a daily routine. The lack of a daily routine is also
a common factor. In some cases, ease of access to medical treatment and prescription
drugs is a cause of non-adherence. If it’s difficult to have a prescription refilled this
may cause delays in taking the medications or result is discontinuation of taking the
medication. In some families, the lack of family support for the patient to remind
them to take medication could be a contributing factor. This may be the result of
family members not fully understanding the risks of non-adherence to the drug
regimen.

3. Intervention to improve medical adherence

1. Behavioral interventions : From systematic review of intervention to enhance
medical adherence suggested that the effect from the behavior intervention did
not show the positive impact and most of the studies not significant improve
medication adherence or clinical outcome(80). However, some studies show the
positive result in behavior intervention that focus on the feedback,
reinforcement, and rewards(81).

2. Combination interventions: Several studies show the positive effect of
combination of intervention in hypertension drug adherence among elderly
patients. The combination of intervention consists of information and

behavioral intervention(80-82).
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3. Pillboxes are also recommended from systematic review that have strong
evidence in the effectiveness to enhance medical adherence. The finding from
the systematic review, result that pillbox can serve as the work to influence
medication adherence(83).

For the purpose of this study, increased education and training of both the

patients and caregivers will be used alongside the introduction of a low-cost,

innovative pill reminder box, targeted to the elderly living in rural areas.

Multimodal interventions have shown better results than unimodal interventions.

Intervention to improve adherence includes increased monitoring by family,

friends, care givers. Using motivational techniques through increased knowledge

of the disease and medication or small rewards for adherence can produce
increased adherence. In addition, the introduction of intelligent pill dispensers or

similar devices can be used to further increase adherence.

4. Medical adherence assessments.

Measurement of medication adherence is challenging because adherence is an
individual patient behavior. The following are some of the approaches that have
been used:

The assessment of adherence should have the following characteristics: It should
avoid dividing the phenomenon into two separate groups, it should give reliable and
objective estimates, it should give continuous information about the history of
adherence, it should avoid affecting behavior of patients and it should be easy to
use when come to analysis of the data. However, there is still lack of method being
developed. There are several numbers of methods for assessing the adherence but
none of them can be regarded as method of choice. Each method has its strengths

and weakness. And it is recommendable to use several methods. The methods for
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assessing the adherence can be classify into direct and indirect methods. Direct
methods can provide the evidence that the patients have been taking the
medication but may give false result if patients take the medicine immediately
before checking. For the indirect methods, they are used more often but they cannot
provide the direct evidence of medical intake. The use of different measurement
methods makes the adherence studies complicate and the use of difference
definition of adherence make comparison practically impossible. The methods as
described above can be explained as the following methods,

1. Direct methods: this direct method of measuring adherence includes direct
observation of the patient’s medication taking or determinations of the
concentration of the drug, the drug’s metabolite or some biological marker from
blood, urine or saliva. When using drugs, metabolites and biological marker, one
issue is according to the individual differences in kinetics for instance the serum
concentration of a substance may be similar, even though the medications are
differently. And another issue is that for those chronic medications are related to the
long-term behavior. The daily patterns of taking medication regularly also remain
obscure. An ideal biological marker should be safe, tasteless, colorless,
pharmacologically inert in human, chemically non-reaction, small in volume and
detectable from urine with a simple, sensitive and specific method. The observation
of a patient’s medication taking may also involve problems because the patient can
pretend taking the drug and the method is impractical in an outpatient setting.

2. Indirect methods: these methods are included physician’s estimates, patient’s self-
reports (interview, diary, questionnaire), pill counts, medication taking files and
electronic medication devices. The assessment of adherence is easiest based on

patient’s report, but the methods is unreliable for those who report being compliant.
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It has some study report that self-report of medical compliance is associated with
less doctor visits. Interviews have been found to be less reliable than questionnaires
or diaries compared to non-self -report measure.

The measurement of compliance is easiest based on patients’ own reporting, but the
method is unreliable for those who report being compliant (84).It has been found
that self-reported compliance (telephone survey) and filled prescriptions are in very
poor agreement, and that overstating compliance is associated with fewer visits to
health care providers(85) .Interviews have been found to be less reliable than
questionnaires or diaries compared to non-self-report(86). However, to indicate poor
compliance. The reliability of the results can be further influenced by the skills of
the interviewer, the structure of the questions and a blaming tone(84).

Pill counts, which were extensively used in the 1970’s and 1980’s, are problematic
because patients can modify the number of remaining pill before the count.
Furthermore, when the pill count is done in the clinic, it is difficult to get the patient
to bring all the medications with him/her(87). It is also impossible to get information
about the days on which the patient took too many, too few or the correct number
of medicine(87).

The development of different electronic medication devices changed compliance
research in the 1990’s. These devices record such information as the time and date
when the patient opens the drug container and thereby give continuous information
of medication-taking(84). There is, however, the problem that although the device
has been used, there is no way of knowing whether or not the patient has actually

taken the dose of medication(84).
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The measurement of adherence by asking the patient or by tablet count is likely to
lead to overestimation of compliance compared to electronic medication devices
(88).

For this study as we aim to developed and examine the effect of intelligent pill box
on medical adherence. This intelligent pill box can also be applied as electronic
medication devices that have ability to measure adherence by pill count. Therefore,
the pill counts will be the measurement method to assess the hypertension
medication adherence in this study. The calculation of pill count is explained as the
following;

Pill count

Patients are generally considered adherent to their medication if their medication
adherence percentage, defined as the number of pills absent in a given time period
(“X”) divided by the number of pills prescribed by the physician in that same time
period, is greater than 80%(89, 90),

No. of Pills Absent in Time X/ No. of Pills Prescribed for Time Xx 100 >80%

For this study, the percentage of medical adherence will be collect by using only pill
count to calculating percentage of medical adherence using this method is that it
assumes that the number of pills absent were taken by the patients. To compare and
examine the cooperation among variables and medical outcomes, the ADLs is used to
assess the independent of elderly whether he/she can perform those activities or not
which one of those is ability to take medication and follow prescription.

2.4 Medication Dispenser and reminder pill box

There are many medical dispensers being developed and examined its effect around

the world. Those medical divided had been built for the same purpose which to
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manage medical, help people to organize their medicine, improve adherence and
control of medical outcome.

Existing medication dispenser device include;

1. Automatic pill dispenser

First developed in the U.S.A in 1983, the dispenser that can dispensing medical pills
that which prescribed administration schedules include capable that can contain
more than one pill, and automatic released mechanism for dispensing pills at the
time intervals with their administration schedule. There is a pill receptor coupled to
pill detector such that a pill dispensed from the pill dispenser and received by used
then the pill dispenser generates a signal to alert the patient to take the dispensed

by a patient. The patients will take pill during 24 hours period of time (91).

0 4 HOUR

216 © 8 HOUR
\ © 8HOUR T
. ® 2HOUR i ) ‘
| | ‘ . v 0 111, ;‘ —3-72
- 232 1 ‘l‘ I B } I 72
' 222 230 i 11141 \ /
'\ ‘ \ 3 -1 l‘ m //30
q ! |
| ' \ | |

J

1 ] | \ \
228 220 224 234 24

Figure 2- 1 1983 Automated Pill Dispenser
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2. Add-on medicine dispenser timer
An Add-on medicine disperser timer is a device that has been improve for timely

medication management. It is designed to attach to any original container cap. The
control and displays on the cap will response to timing to open and closing that
recommend in the original container. This device has timing unit, reset compression,
switch and a thermoplastic housing. It will add on top on the medicine container and

help person taking their pill in the right time(92).
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Figure 2- 2 Add-on Medicine Dispenser

This device is a wearable, disposable medicine that includes a piston rod which is
help in early release medicine from the device. It has a rotational motor which may

be coupled to drive mechanism as to carry out the certain number. This device is
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also can dispense liquid medicine. It is an electrical motor connected to a

battery(93).

Figure 2- 3 Wearable Medicine Dispensing Device

3. Designing a portable medicine dispenser for persons suffering from
Alzheimer's disease.

This is name as automatic wall dispenser comprise of who separate
components that interact to each other. The two-component design that can
be used inside and outside. This feature can help that the medicine schedule
will not be interrupted. The storage ability is from 8-10 tablets which will
sufficient for one patient. And the part of the portable medical memory
which patient can press the bottle that they are not at home. This will help
them control their medication when they are not at home and it will last for

48 hours(94).

4, Home medical station

A medicine dispenser for storing medicine pill that built in 2005. It is for
indicating day, seement of day and time for 7 days with 4 segments day
medicine dispensers. It is sorting medicine and weekly communication sheets
which store as medical records. All the features are show as in the elements

are embodies within one housing that can be put in the convenient area. This


http://link.springer.com/chapter/10.1007/978-3-642-14097-6_53
http://link.springer.com/chapter/10.1007/978-3-642-14097-6_53
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device is design for dementia as well as patients who may losing dexterity in
their hands. It is built from plastic which make it lightweight and

inexpensive(95).
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Figure 2- 4 Home Medlcal Station
5. Low cost robotic medicine dispenser.

In 2012, Mohammad Auzi Ahadani et.al. design and create a low cost scalable
prototype of robotic medicine dispenser for the use of pharmacists. In this
robot has automatic count ability of medicine then dispense into a vial. The
main objective of their study was to build robot in with low cost material and
component that can be distribute to the users. The design is custom based
design on cell and have more than different types of tables/ capsules of

different sizes and shape(96).
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Figure 2- 5 Low cost robotic medicine dispenser
6. Personal medication dispenser

An automated personal pill dispenser examined the effect in 2007, it has one or
more chambers for holding a supply of pills. A refill mechanism is link with each
chamber and it is selectively operable to dispense a right number of pill from each
chamber. The control program is controlled and operates the refill mechanism. The
timer controllers, memory and input means and the program operate by the user
and from remote input from smart care. The networks, such as one having access to
data from the pharmacist. Once the pill released from the chamber the program will
present at least one time. The controller operates an alarm to alert the user and
control the refill system preset at time and number. It is also has the feature that

detecting the user’s access to obtain the device to dispensed the pill(97).
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Figure 2- 6 Personal medication dispenser
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7. Medication dispenser with automatic refill

A medication dispenser with automatic refill was distributed in 2009. It is aimed to
help people stay in their medication compliance. It also has a cap design and a
button operation. The operation that connected to the circuity, for triggering signal to
an external dispenser then the request system will request for refill of medication

when need by pressed(98).

Figure 2- 7 Medication dispenser with auto-refill
8. Intelligent pill box

The intelligent pill box is the invention build in 2011 it is an effective solution
to help people to stay adherence with their prescription. The solution from
this medical device is a dispensing scheme to help patients keep track on
their medicine dosage from the light series. There is also alarm indicate from
signals and audio alarm. When patients are not following the treatment that
was prescribed to them, the control system will send a patient adherence
information via the phone to the disease management system. The effect of
it has been tested and found this device can help patients reduce their non-

adherence(99).
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Figure 2- 8 Intelligent Pill Box

9. Smart Pill box

The smart pill box in a device that help people manage their medication. It is built in
India and was distribute in 2015. This device is design and build based on the basic
ideology that integrating the alarm clock, light-based slot sensing on a normal pill box.
This pillbox also cost effective by using slot sensing techniques like capacitance-based
slots sensing. The support from the GSM technology to bridge of communication
between health care provide and patients(100). Another smart pillbox that was
designed and developed in India in 2015, was developed based on an internet of things
(IoT) application. The purpose is for health care. This smart pill box contains sensors
for reading the heart rate and an intelligent medicine box with a light sensor to indicate
the variations in the medicine slots. The slots will count the number of tablets a
patient is consuming. Then the alarms are for when the mistake of consuming wrong
medicine. This box will also act as medication reminders. This loT was implemented
in home to promote healthy environment at home By largely using and promoting
Home Health 10T(101).

From the increasing of aging, global aging society and prevalence of chronic disease

become a common concern in many countries that descript in chapter I. While the
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hospital is restructured by reducing number of patients stay in hospital and more focus
in increasing the home healthcare. This trend in healthcare is to move routine medical
check and other healthcare services from hospital or clinic to home-based care.
Checking whether patients are following their prescription, which means if they take
their medication as prescribed on time. From the review above, we found that using
technology can help in improve in healthcare services to assist patient to meet their
goal of treatment. For this study we review the history and generation of pill box and
electronic reminder to enhance medical adherence and persistent from the pass until
a day. We found that there are several pill boxes that had been developed and tested
then distribute in the society.

However, in Thailand there is still lack of evidence that support the idea of using the
technology to help patient become good adherence to their medicine. We designed
and developed the intelligent pillbox to distribute to elderly patient with hypertension.
We review methods on how the pill box works. Several designs of pill box and studies
recommended that these pill boxes have a positive effect in helping patient stay
compliance to their medication. Also, the recommendation of feature includes; adding
the alarm to remind patients to take medication on time, the censer to ensure that
patients taking the right medication, and the refill system that should be manage by
the health care provider or the care giver to ensure to ensure that medicine are fill in
is the right one. We use some of the recommendation from these studies and the
limitation from these studies to design and build the intelligent pill box that will
suitable for elderly group and more importantly box that cost effective and fit well for

Thai context.
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2.5 Theories applied in this study

1. Health Belief Model (HBM)
Health belief model is a model developed in 1950 by psychologists Hochbaum and
Rosenstock.(102) The model is a psychological model that explains and predicts
health behavior. The model focuses on the attitudes and beliefs of individuals.(103)
The HBM is explained by the understanding that a person will take a health-related
action when;

® A person feels and understands that a negative health condition can

be avoided.

® A person has a positive expectation by taking a recommended action,

meaning a person will avoid a negative health condition.

® A person believes that he/she can successfully take a desire behavior.

The HBM contains concepts that predict why people will take action to prevent or
control illness conditions. These include susceptibility, seriousness, benefits, barriers

to a behavior, cues to action and self-efficacy. (104)

2. Constructs of HBM include;
® Perceived susceptibility is a person’s opinion of chances of getting a
disease or health condition. It can be applicable to the define
population at risk, risk levels, personal risk behavior. For instance, a
person must believe there is high chance to get liver cancer before

he/she will be interested in stop drinking alcohol.

® Perceived severity is a person’s opinion of how serious a condition
and its consequences are. It can be applicable to specify
consequence of the risk and the condition. For instance, in terms of
health it can be death, disability and pain and social consequences

such as effect of family, work, family life and social relation.
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® Perceived benefits are a person’s belief in the efficacy of the advised
action to reduce risk or seriousness of impact. It can be applicable to
a defined action to take, how, where, when, clarify the positive effect
to be expected. For instance, financial saving related to quitting

smoking.

® Perceived barriers are a person’s opinion of the tangible and
psychological costs of the advised action. It can be applicable to
identify and reduce barriers through reassurance, incentives, and
assistance. For instance, a patient that is HIV positive without health
insurance may refuse to use antiviral drug because they don’t have

money to pay for the drug.

® (Cues to action are a strategy to activate readiness. It can be
applicable to provide how to information, promote awareness and
reminders. The concept of cues can be some triggering mechanisms.

It is applicable to provide training, guidance in performing action.

Self-Efficacy is a person’s confidence on their ability to take action. It can be

applicable to provide training, gsuidance in performing action.

There are other variables that explain in HBM including diverse demographic,
sociopsychology and structural variables may influence perception thus, indirectly
influences health. In this study social cognitive theory is applied in the developing of
the process of developing the website for alcohol use prevention program. In the
website, the model developed based on the Health Belief Model and the social
cognitive theory. The SCT components applied are the observation learning model,
self-regulation and self-efficacy.

The intervention in this study is developed based on the three behavior theories

mentioned early theory which is explained as following.



The HBM has been applied to a wild range of health behavior and populations. For

this study the intervention is developed by applied the HBM in the intervention as

following table.

Table 2- 2 The concept of Health Belief Model in this studly.

get negative consequence
of non-adherence or poor

adherences.

Concept Improve antihypertension Applicable
medication adherence
1. Perceived Elderly hypertension The program provide
Susceptibility | patients believe they can | knowledge and build the

negative attitude toward
non-adherence by
showing the short term
and long term of
negative consequence of

non-adherence.

® Health: The
knowledge of
short term
negative
consequence of
non-adherence is
showing the

picture of; what




Concept

Improve antihypertension

medication adherence

Applicable

happen if they
not adhering to

medication.

2. Perceived

Severity

Elderly hypertension
patient believes that the
effect of getting negative
conseqguence non-
adherence are significant
enough to try adhering to

medication.

The program provides
knowledge and build the
negative attitude toward
non-adherence by
showing and teaching the
negative consequence of
antihypertension
adherence.

Video showing the
negative consequence of

non-adherence.
® Health condition
® Financial problem

® Family problem

3. Perceived

Benefits

Elderly hypertension

patient believes that the

The program provides

knowledge and build the
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Concept

Improve antihypertension

medication adherence

Applicable

recommended action to
adherence to medication
and healthy eating and
exercise behavior would
protect them from of

uncontrol blood pressure.

positive attitude toward
medication adherence by
showing positive impact
of adhering to

medication.

Picture showing the
positive benefit of

medical adherence
® Health
® F[inancial

® Family

4. Perceived

Barriers

Elderly hypertension
patients identify their
personal barriers to
medication adherence
and identify ways to
eliminate or reduce these

barriers.

On this study, the
program will question
participants what the
barrier for them is to

adhere to medication.
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Concept

Improve antihypertension

medication adherence

Applicable

5. Cues to Action

Elderly hypertension
patients receive reminder
cues for action in the
form of intelligent pill

box.

The reminder alarm is
one of the features of
intelligent pill box. This
alarm system will remind
patients that there is
time for them to take

medicine.

6. Self-Efficacy

Elderly hypertension
patients confident in their
ability to manage their
medication and adhering

to medication.

In the program the
session where showing
the intelligent pill box
and help them to take
their pill regularly. They
believe that they will not
forget to take medication
or taking wrong
medication. This will
encourage them to be
adherence to the

prescription.

2. Error Theory: The wear and tear theory

For this study, we considerate apply the wear and tear theory of aging as based for

develop of the intervention and the intelligent pill box. This theory is suitable to

a7



a8

apply for the developing process of building service or some divide to help aging
simplify of daily life of elder(105). This theory first found by German biologist, Dr.
August Weismann in 1882. Dr. Weismann believes that human body as a mechanical
system which is going to break down over time after being use. This theory is also
the fundamental basis of other theories such as the limitation theory. This theory
explains that our human bodies is effect from the environment and with aged it is
mote to the continuing damaged in cells and system. This theory is the most
population and reasonable to explain human body is damaged over time(106).

The theory explained that Cellular systems that cannot renew or replace themselves
throughout life, such as the nerve cells of the brain. As these cells are lost, function
eventually will be lost(107). In the human body system, there are systematic change
that wear and tear out over time include;

Heart Aging: The muscle become thickens with age. It is response to the thickening of
the arteries which effect the pumping rate. The thickness of this muscle will result
low pumping rate(108).

Immune System Aging: The immune system (T cell) takes longer to replenish. It cause
the slow function of detect any antibody in the body(109).

Arteries and Aging: The blood vessel especially arteries usually to stiffen when age, it
cause difficult for blood circulation(110).

Brain Aging: Age brain reduced and less efficient from the problem with the
connection between neurons. This may cause loss of memory and function(111).
Sight and Aging: the difficulty of seeing normally start at age of 40 years of age(112).
Hearing and Aging: Age cause of loss of ability to hear(113).

In this study, we apply this in the fundamentals to develop the intelligent box where
we use alarm to remind time to take medication, light and color to help in seeing,
remembering, and identifying of medication.

3. Diffusion of innovation theory
Working on the health promotion and public health, health care provider must

apply resources in services in the most cost-effective way and need to pay

attention in on diffuse program to target group. Some public health program is


https://www.verywell.com/what-is-a-neuron-2794890
https://www.verywell.com/top-ways-to-live-long-with-heart-disease-2223999
https://www.verywell.com/how-does-dementia-affect-processing-speed-98585
https://www.verywell.com/your-hearing-and-aging-2223596
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accepted and recommended to use in helping to enhance good health but some
time it has difficult to be sustainable. There are many programs for public health
and health promotion that are interesting and proved effective beneficial but
those has yet been applied in the general population.

Diffusion mean that the innovation or new ways being distribute to wild
population and that will enhance and promote good health in general.

Diffusion of innovations focuses on the concept, guideline and invention that
being invented and the community or society accepts it as “new” or
“innovative” and distributes it in the community or society. Or, it coes from one
society to another. This theory is proposed by Everett Rogers in 1995. He
proposed that the diffusion of innovation is the process that the new methods,
new invent being distributed to general population through channels in some
period of time between community members and society.

Theory of diffusion innovation has been applied in health promotion program
and being adopted. The program was adopted was program on condom use,

program on stop smoking, or new laboratory test(114).



Table 2- 3 Concept of diffusion of innovation

50

Concept

Meaning

Innovation

Concept, divide, invent or guideline which is
identify as “new” for individual, organization and

community.

Communication Chanel

The methods to distribute innovation from one to

another.

Society system

Group of individuals that accept and adopt the

innovation.

Time

Period innovation being accepted or adopted.

Diffusion is the process which innovation being communicated through one

channel in some period of time between the community or social members.

There are 5 steps of decision making, for each of the community member to

collect and adopt their own innovation.

1. Knowledge: a person knowing, understanding and aware of the innovation

and its function.

2. Persuasion: a person builds a positive or negative attitude toward the

innovation.

3. Decision: a person decides to engage in action that leads to a choice to

adopt or reject the innovation.

4. Implementation: a person applies or uses an innovation.

5. Confirmation: a person evaluates the results of an innovation and made

decision.
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The decision of most of social member depends on other or if most of members
adopt that will make other member want to adopt that innovation. For instant
after 10-25% of member adopt an innovation, there is an increase of the
percentage of another member rapidly adopt too. In this theory, the theory
develops explain that the factors affecting the acceptation and use of innovation
is how earlier adopters accepts and found innovation useful that will affect the
decision of later adopters.

The cost benefit is also link to the innovation adopted decision. A person will adopt
an innovation if he/she believe that it is will enhance their utility. So, they must
believe that they will receive benefit from innovation. Also, when people adopt
something also related to the cost. People determine whether an innovation
would have advantage for this life. There are two things to consider which is the
existing habits and values such as is it is difficult or complicated to use, is it cost
benefit, how does it work and if he/she use it people will think they are different
or not(115).

The diffusion of innovation can be possible only depend on cost it is also depend
on individual characteristic and the diversity that what make diffusion possible. The
successful innovation is the adopter distribute of the innovation follow a bell-
shaped curve and the derivation of the S-shaped diffusion curve. Overtime the
bell-shaped curve will be dived to characterize into five categories of system of
innovative member which the innovative is defined as the degree to where
individual is link to an earlier adopting new approach than other member of the

system(116).
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The five groups include; 1) innovators, 2) early adopter, 3) early majority, 4) late
majority and 5) laggards. This group will affect from one to another like domino
effect.

The other approach to adopt innovation is that the innovation’s possible benefits.
It will trick the eager to try. When people see the value of innovation that confirm

the decision to try it(114).

4. Affecting the diffusion of an innovation

The innovation developed and implementation, should provide the data and
confirmation of the innovation to make their own adoption decisions. After the
leader observe the innovation and see the effectiveness that will lead to another
group member to try. Then when a large subsection of the social system follows
the trust leaders. This will help to increase in rapid of adoption rate. Then the
effect of the domino will continue, eventually affect for those who are slowly
innovation adopters which will result in the society the most.

To spread of an innovation, distribute to big eroup of population the mass media
have direct and the most successful in encouraging the spread on innovation
because it is immediate and affect the mass audience. However, the diffusion
theory has difference idea, as the explanation about opinion of leaders affect the
tripping of innovation, this theory suggested that the most powerful way is to make
the innovation affect the opinion and attitude of society leaders. The mass media
is only rapid affect the mass audience only, it can even make difference in weakly
attitude. But for the strong interpersonal are more effective in formation and
change of the strongly attitude(117).

Research has shown that firm attitudes are developed through communication

exchanges about the innovation with peers and opinion leaders. These channels
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are more trusted and have greater effectiveness in dealing with resistance or apathy
on the part of the communicatee(118).

The easiest way to form the positive attitude toward innovation is to persuade
leader opinion.

Situation is the most characteristics that related to the efforts of successful diffuse
an innovation. There are two important channels to diffuses an innovation one is
to eliminate a deficit of awareness of an innovation which the mass media channels
are most appropriate. And second is to change prevailing attitudes about an
innovation, it is best to persuade opinion leaders.

For innovation to diffuse until result in the effective in health promotion and
prevent of diseases. The change should be promoting at every level and setting.
And it should be multi strategy to promote the change and adopt of an innovation.
For the innovation to make some change in an organization, not only target in
individual but also include the change in organization rule, regulation, or policy.
Rogers explained several factors that related to an innovative adopted by
considerate the value and benefit of the innovation from one community to
another. The health care providers can diffuse an innovative by considered these
important approach;

1. The relative advantage: compare benefit of an innovation with the existing
invent if a new innovation is more value and bring more benefit than the
existing one. The new innovation has a better chance to be adopted.

2. Compatibility: the new innovation is suitable to life style and community

context. It will be adopted and wild spared use in the community.
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3. Complexity: the new innovation is simple to use. If the new innovation is
complicate to use that will make slow adopted and only accept in narrow
target.

4. Trialability: the target population can try to use an innovation before they
make decision about adopt or reject it. After providing the opportunity for
the target group to try and they adopt it then it will be simply adopted in
wild population.

5. Observability: the innovation showing positive effect and benefit that people
can observe. It will be rapid adopted in wild population(117).

Table 2- 4 characteristic of factors effect innovation adopting

Characteristic Important questions
Compare advantage between Is an innovation better than the
new innovation and exiting existing?
Suitable for target population Is an innovation suitable to the target
population?
Complication Is the innovation simply to use?

Ability to test effect of innovation | Can the target group try an innovation

prior they make decision to adopt?

Observation Is the effect of innovation can be

examined? s it simply to assessed?

For this study, we apply this theory in to the design and developing of the inelegant
pill box which is an innovative way to help elderly with hypertension to keep tract
on their antihypertension drug adherence. From the review literature in Thailand

on the pill box, medical reminder package, intelligent pill box, medical dispenser.
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We found that there is no specific pill box that design for elderly which need to
be simple and useable for them because this target group taking multi drug in one
day. And from their age and with lack of ability to effectively manage of their own
medication. We plan to test the effect of this pill box in target population who
can use this box in their normal life. This intelligent pill box will provide simple
and valuable prescription for efforts in encouraging diffusion in the wild rang of
population in the future.

2.6 Related Studies

From the review, the evidence shows that medical adherence intervention descripted
key aspects of the intervention. There are several systematic reviews and studies
examine the effect and result of medical adherence intervention. These studies
conducted in type of both true experimental and quasi-experimental study(119). For
this study, we aim to test the effect of the program and the intelligent pill box, we
searched for at least quasi-prospective study design which design appropriate
comparison arm to test the effect of the reminder package and pill dispenses box. At
least a non-concurrent comparison arm that was implemented within 3-12 months of
the start of the intervention and was similar with respect to population characteristics
and setting. At least a 1-month post-intervention follow-up assessment for each study
arm (with recall referring to post-intervention period only) for interventions that are
clearly discrete or at least a 3-month post-initiation follow-up assessment for each
study arm for all other types of interventions(60). For these we use this knowledge as
fundamental to design this study to test the effect of our program and the intelligent
pill box that we design and develop to meet the outcome of improving the medical

adherence in hypertension patients(81).
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Currently, several studies conducted in the developing countries such as the U.S,,
Australia and some of the European countries examine the effect of the electronic
pill boxes. Most of the feature of the electronic box addresses the magnitude and
impact of nonadherence by pill management and pill count. Some study reports
the positive result in both medical adherence and the reduction of blood pressure
over some period 3 to 6 months Study conducted in the UK to test the effect of
electronic pill box. The outcome of the measure was the timing of adherence as
measured through the program and systolic blood pressure as well as diastolic blood
pressure. The study found there is no relationship between adherence and blood
pressure(120).

Systematic review from difference countries reported that there are several studies
being conducted to test the effect of reminder packaging such as audio reminder
package sending text message. Study conducted in the U.S.A. to test the effect of
intelligent pill box or smart pill box. The design of the pill box using the several
technology sources such as interactive voice response, wireless communication,
mobile communication, medical sciences as the way to address and try to overcome
non-medication adherence in chronic disease patients especially diabetic and
hypertension. These diseases can affect for serious diseases like diabetes and
hypertension it can affect the health of the patient in a severely negative if the patient
is not adhering to the treatment. The pill box developed from this study can improve
patient adhering to the prescription treatment. The intervention can increase
prescription adherence by assist patient to better manage of their health outcome.
Also, the system to communicate between the health care provider and the patients
about their health. This coordination could help in early detect of the problem and it

can be solved before it lead to negative consequence(99).
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From the review literature, we found that most of the literature review suggested that
the combination of behavior change based on theoretical program and apply with the
reminder package prove with the positive impact in improve medical adherence among
elderly people but slightly significant show the effect in control of blood pressure. To
control of blood pressure there are several factors both personal and environment
factor that effect the level of blood pressure. However, studies suggested that for
patients to meet goal of control blood pressure. Patients should follow their
prescription.

However, when the positive effects of intervention from many studies is defined as a
statistically significant greater improvement in, or better level of, medication
adherence behavioral or biologic outcome in the intervention arm relative to the
comparison arm. A relevant behavioral outcome measure may include electronic data
monitoring (e.g., MEMs caps), pill count, pharmacy refill, or self-reported adherence.
Effect at the follow-up and based on the analyses that meet study design,

implementation and analysis criteria.



CHAPTER Il

RESEARCH METHODOLOGY

This study aims to examine the effectiveness of the utilization of an innovative easy
to use, reminding pillbox to improve adherence to consumption of prescription drugs
related to patients with hypertension and poor medication adherence. This study will
be focused on the elderly in the rural area.

This chapter describes the details of the process of gathering information for
designing the pillbox and development of the pillbox. Patient’s acceptation and
satisfaction of using the pillbox investigation was also describes in this chapter. And
main investigation methods to examine the effect of the pillbox on antihypertension
medical adherence and the process of the program in intervention group and how to
measure the outcome of the study. Description of the method is divided into several
points.

3.1 Research Design

This study consists of three study phases. Phase I: Thai- intelligent pill box design,
develop. Phase II: Thai-intelligent pill box development and implementation and
phase lll, effect of using Thai-intelligent pill box to improve medical adherence, 2 arms
randomized controlled trial. The unblinded parallel groups trial with participants
randomly assigned to either the control and intervention groups in a 1:1 ratio. The
study designed to compare before and after intervention and compare between

intervention and control group. The intervention was continued for 3 months period.
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Phase | Phase I Phase I Phase Il Phase Il | Phase Il
Baseline 1 month | 2™ 3" month
month
June- October November | December | January | February-
August 2017 2017 2017 2018 early
2017 March
2018

Note : the development of pillbox scale up to 100 boxes was started to October and
continue until early December 2017.

Phases | : Thai-Intelligent pill box design.

Research design

This phase is a qualitative study to eather the requisite information. The researcher
gathered information from an in-depth interview. The in-depth interview was
conducted to understand the user perceptions of an intelligent pill box, and what an
appropriate design would be which promoted better usage patterns and simplify their
daily routine.

The design of the intelligent pill box was based on a review of applicable literature,
and the results of the qualitative study on user perceptions and appropriate design of
intelligent pill box among elderly patients with hypertension. The qualitative study
was conducted in an informal manner, but using in-depth interviews of 22 elderly
patients, aged 60 to 79. Additionally, the study also included 8 healthcare providers at
provincial hospital and health promoting hospitals who work regularly in the
hypertension clinic, with experience dealing with patients who have a history of poor
adherence to hypertension drug treatment at least one year. The focus was on

patients from the previous 3 months, who had experienced uncontrolled blood
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pressure, > 140/90 mmHg, and who reported forgetting to take their hypertension

medicine at least one time in the past week.

Study area
This qualitative study, phase Il of the study was conducted in Buengkan province. We
selected Buengkan district to conduct because hypertension patients in this district are

receive the health care from Buengkan hospital.

Sampling

Convenience sampling was applied to select interviewees who meet the inclusion
criteria for a group of hypertension patients, and a group of healthcare personnel. The
healthcare personnel include: a pharmacist, and nurses who are responsible for the
chronic disease clinic, especially in the chronic disease department that included

hypertension clinic.

Sample size calculation

From the literature review, it has been determined that the number of participants
appropriate to this study is 20 people as in the interview from participant in the same
group and there is nothing new come out from the interview(121, 122).For this study
we need information from elderly with hypertension who has poor adherence to their
hypertension medication and uncontrol of blood pressure as well as manage their own
medication. For the health personnel group, we interviewed pharmacists and nurses

who working in the chronic diseases department.

Inclusion criteria for patients group include:

1. Hypertension patients who was diagnosed at least 1 year.

2. Patients between 60 to 79 years of age.

3. Patients who take at least one prescription drug for treatment of hypertension.
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4. Patients with a history of non-adherence in the 3 months prior to this study.

5. Patients with systolic blood pressure systolic > 140 mmHg and diastolic > 90
mmHg.

6. Patients who manage their own medication.

Exclusion criteria
1. patients who cannot read and write.
patients who were not willing to participate in the study.

patients who have health complications.

A LN

Patients who cannot provide inform consent.

Inclusion criteria for health care provider group include;
1. Medical doctor, pharmacist, nurse, and public health officer who has
experience working in the chronic disease department at least 1 year.
2. Medical doctor, pharmacist, nurse, and public health officer who are working
in the chronic disease clinic at Buengkan hospital and connecting unit of

Buengkan health office during the study period.

Exclusion criteria
1. Medical doctor, pharmacist, nurse, and public health officer who not willing to

participate in the study.

Recruiting participants

The researcher conducted the meeting to invite elderly with hypertension patients to
participate in this study at the chronic diseases clinic of Buengkan Hospital on Thursday,
which is the day that patients who have problems controlling their blood pressure
(Blood Pressure > 140/90 m.m.Hg.) have an appointment for their follow-up. The
researcher provided information on the objective of the interview and invited patients

who met the inclusion criteria to participate in the study.
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The healthcare personnel working at the chronic disease clinic where are all invited to
participate in this study.
Note: Patients with uncontrol of blood pressure is scheduled to meet with doctor at

the hyperextension clinic.

Research tools

In-depth interviews were performed following guidelines which cover:

1.) consumption patterns, and reasons for non-adherence

2.) their perceptions of using an innovative pill box

3) their input regarding an appropriate design (box size, light and reminder sound)

the guideline questions developed by the researcher, which have been reviewed and
revised, based on the recommendations of three experts on elderly health and
hypertension.

4) Recording audio: one PHILIPS voice tracer and two Philips GoGear

In-depth interview process

Participants who volunteer to participate in this study was invite to a private room
individually. The interview process last approximal 10 to 15 minutes.

During the interview, a picture of the preliminary model of the intellicent pill box was
shown to participants. During the interview audio record were performed.

The qualitative data: Perceive on intelligent pill box and appropriate design of
intelligent pill box among elderly with hypertension

The interview followed the interview guidelines are available in appendix II.)

Field Management

Phase |: Thai-intelligent pill box design
For this first phase of the program, the researcher conducted in dept interview

among 22 elderly hypertension patients and 8 health care providers.
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1. Researcher and research assistants generate list of patient’s names who had
uncontrolled blood pressure at the outpatients of the chronic disease clinic of
Buengkan hospital and conducted a meeting to invite elderly patients to
participant into the in depth interview. For the health personnel group,
researcher sending an invitation letter and made appointment to meet with
health with which include six nurses, one pharmacist and one public health
personnel. The interviews were conducted at the private room in the
outpatient chronic disease clinic of the Buengkan hospital.

2. Incorporate information from the in dept interviews and review literature into
the design Thai-intelligent pill box.

3. Meeting with the prototype builder company and electronic builder companies
to discuss possible feature of the intelligent pill box.

4. Developed the first prototype by using the cupboard.

5. Developed the first prototype by using 3D printer.

6. Functional testing of the intelligent pill box that developed from 3D printer,
the recommendations from the phase | was applied to make some change for
appropriate functional intelligent pill box which ready to use in the sample
group.

7. Developed 30 Thai intelligent pill box from 3D printer cover the area that

contact with medicine with plastic food grad for the next phase.

Ethical consideration
Phase | was approved by Buengkan hospital ethical committee.
The participants were given the information and invited to participate in the study. The

participants signed an informed consent form before participating in this phase of
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study. The interview process was conducted in a private room. An audio record of the

interview kept on file. After the interviews, a content analysis was performed.

Phase IlI: Intelligent pill box development and implementation.

This phase is a pilot study to examine the feasibility and efficacy of the Thai- intelligent
pill box. Patients perception and satisfaction were also investigating in this phase.
This pilot project to examine the functionality of the Thai- intelligent pill box, and the
patient’s ability to use it in the proper manner. The test of feasibility in function of
pillbox in assisting patients to follow their blood pressure prescription. Based on the
qualitative study results, the information gathered was incorporated into modification
of the final design of the Thai intelligent pill box. At this phase the researcher modified
design of the pillbox and function on the alarm setting to ensure that Thai-intelligent
pill box is friendly for elderly. = The design was created by a 3D printer, and the
electronic mechanism was inserted. The electronic part used in this study was from
the existing simple electronic board from the Alibaba website and from the existing
electronic part from normal electronic market in Bangkok (Ban Moh). To assemble the
first prototype of the intelligent pill box. The researcher tested the functionality of the
prototype by testing the mechanisms that include:

1. The manual dispensing of medicine from a storage compartment in the box, to a
separate section where the patient gets the pill.

2. The timer that control alarms system.

3. The reminder (alarm) to take medicine.

4. The function to work properly when participant continue using an intelligent pill box
at home. (to ensure that the whole works as designed.)

5. The area that contacted with medicine was cover by the food grad plastic which we
use polypropylene: PP which is the same quality as the plastic that produce zipper
bag for medicine in hospital.

After the prototype tested by researcher and had result that working properly.

Researcher developed first thirty Thai-intelligent pillboxes.
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Research design

Experimental study: comparison of adherence statistics before and after intervention.
This is a pilot phase, and the main objective is to test the feasibility of Thai- intelligent
pill box and its function of its and ensure that it will work properly when applied in
the true experiment study of the next phase. It is one group study, with no control

group, to determine the outcome measure before and after use of intervention.

Study area
Buengkan district, Buengkan province, Thailand. Study was conducted in Buengkan

district where Buengkan hospital is located.

Sampling
Convenience sampling is applied to selected participants in the next phase of the
study. Participants are eligible to participate in phase two of this study. Patients who

took part in the in dept interview are also invited to participate in this phase of study.

Sample size calculation

To meet the purpose of this phase, in which the main goal is to test the functionality
of the intelligent pill box prototype, of the innovation sample size calculation uses the
following formula:

n = 1.96°x4SD%/d> (123)

To estimate the mean systolic blood pressure in a patient group with a 10 mmHg wide
95 % confidence interval (5 mmHg. either side of the mean) previous studies suggested

using a standard deviation of 11.8 (124)

The standard deviation (SD) of the measure being estimated = 11.8 (124)
The desired width of the confidence interval (d) = 10

The confidence level = 95 %
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n = 1.96°x4SD%/d”

n = 15.37°x11.8%/10°

n=20
The sample size for this phase is 20 persons. Add additional 10 persons for dropout
during intervention total participants were 30 persons.
The Thai-intelligent pill box prototype was tested for its functionality before expanding
to 30 pill boxes. The 30 pill boxes were tested in 30 elderly patients for a 2-week
period. The results from this test was used to modify and finalize the Thai intelligent
pill box design, prior to develop 100 Thai-intelligent pill boxes for the randomized

controlled trial of the next phase.

The outcome measurement
1. Blood pressure
2. Medical adherence using pill count

Pill count for medical adherence: Patients are generally considered adherent to
their medication if their medication adherence percentage, defined as the number of
pills absent in a given time period (“X”) divided by the number of pills prescribed by
the physician in that same time period(125)

(No. of Pills Absent in Time X/ No. of Pills Prescribed for Time X) x 100
The percentages will be classified into a 5-level of medication adherence, as

show in Table 3-1



67

Table 3- 1 Level of Medical Adherence

Level Meaning Percentage of medical
adherence
5 Very good 80.0-100
il Good 70.0-79.9
3 Acceptable 60.0-69.9
2 Poor 50.0-59.9
1 Non-adherence 0-49.9

After the prototype testing has been completed and any needed improvements have

been implemented, the feasibility testing on its implementation was began.

Field Management

Phase lI: Thai-intelligent pill box development and implementation

Patients who were participant in phase | were asked to participant in phase II. After
development of the first prototype and test function by researcher. 30 Thai-
intelligent pill boxes were developed and trial in the 30 patients.

1. Researcher explained to the study protocol to participants at their home.

2. Researcher and research assistants went to patient’s home and fill in all
antihypertension medication into the Thai intelligent pill box and provide manual

and explain how to use the pill box to participants.
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3.Initial 30 of the intelligent pill boxes trial in 30 elderly hypertension patients. This
trial to test functional and efficacy of pill box as well as test the feasibility of the
pill boxes. This function testing period was continued for 14 days.
4 Participants were provided with 24 hrs. telephone number that participants can
contact anytime if there is any problem regarding using the Thai-intelligent pillbox.
5.The questionnaire use to collected baseline before intervention was used to
collect sociodemographic characteristic, clinical characteristic and medication
characteristic.
6. After 14 days of using Thai-intelligent pillbox, researcher went each of patient’s
home to collected data after intervention.
7.The same questionnaire as in the baseline data collecting were use and
additional questionnaire on perception and satisfaction were used to collect
patient’s perception and satisfaction on using Thai intelligent pillbox.
8. Researcher and research assistant conducted pill count and measure blood
pressure with the mercury sphygmomanometer 2 time 2 minutes apart two times
from the same arms by 2 nurses who trained as research assistants.
9. Result from interview patient’s recommendations and result of the testing with
in patients were incorporate to final design of the Thai intelligent pill box.

Data collection
Phase Il: at baseline, data was collected using face to face questionnaire. Data
gathering from the questionnaire include sociodemographic characteristic,
medication (s) taken for hypertension, medication adherence and blood pressure.
Level of medical adherence identify by pill count conducted by register nurses.
Blood pressure measurement using manual mercury sphygmomanometer. The

assessment of blood pressure was assessed two times, two minutes apart from the
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same arm in sitting position. The assessment was conducted by registration nurses.
After intervention was implement for 2 weeks, the same questionnaire was used
to gathering data after intervention. Pill count and blood pressure assessment were
performed by registration nurses. Medication adherence was determined using a
percentage of adherence from pill count, meaning counting pills that have been
taken relative to the number of pills that should have been taken follow the
formula for calculate pill count showed in page 79

Data analysis

To compare the effect of intelligent pill box before and after. Mean, median and SD
will be used to measure medical adherence. Changing in medical adherence compare
using paired t-test. Percentage of adherence was calculated in Excel prior refer to SPSS
version 17.

Ethical consideration

Phase Il was approved by Buengkan hospital ethical committee.

The participants were given the information and invited to participate in the study. The
participants signed an informed consent form before participating in this phase of

study.

Cost to develop Thai intelligent pillbox

The pill box developed in this study is still a model and use 3 D printer to build

The first design of the pill box that included the inventory for store medication cost
approximately 3,280 Baht. In this cost, it is including the plastic parts, electronic parts
and building cost. During phase I, we use 30 models which cost 98,400 Baht. In phase
lll, we take out the inventory for storage of medicine based on recommendation from
phase Il. We developed the medicine tray which cost 1,450 Baht total cost for 120
boxes cost 174,000 Baht. However, this study is a pilot project to test effect of the pill
box that design for elderly. It is not cost effective; the better idea is to invest in plastic

mole and produce in the big scale.
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3 D printer is good for prototype or model development, not suitable to build plastic

goods in big amount.

Phase llI: Intelligent pill box to improve medical adherence among elderly
patients which hypertension in rural area, Thailand: A Randomize controlled

trial

This phase of study is the main objective of this study which to examine the effect of
the new innovative Thai-intelligent pillbox, appropriate technology for elders who live
in the rural area of Thailand.

In this phase: The proposal and protocol of this study submitted to the ethical
committee of BuengKan Hospital. One of the main suggested of the ethical committee
was to ensure that the process of study not disturb process of work in the hospital.
The recommended was to conduct study in one of health promoting hospitals which
located in BuengKan District include Muang Health Promoting Hospital, Wisit Health
Promoting Hospital, Nasawan Health Promoting Hospital and Non Somboon Health
Promoting Hospital. This 4, health promoting hospitals work closely with Buengkan
hospital in refer case and same physicians provide treatment to patients. The protocol
being implemented in this health promoting hospitals are the same as implementing
in Buengkan hospital.

The researcher and three research assistants made a list of hypertension patients from
data base of Buengkan Hospital and 4 health promoting hospitals in Buengkan District.
For those patients with uncontrol blood pressure in the last 3 months. Non Somboon
Health promoting hospital has the highest number of elderly with uncontrolled blood
pressure from the last three months visiting at the health facility. Researcher screen
the first step before selected patients to participant in the baseline data collection
process. Elderly with hypertension who were selected were face to face invited to
participant in the study. Patients who willing to participate in this study passed the

second screening which follow the inclusion and exclusion criteria.
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Al list of participants after screened by inclusion and exclusion criteria were allocated
into intervention and control group.

Note: Buengkan hospital and health promoting hospital of Buengkan health office
follow the Thai guideline on the treatment of hypertension 2015. Patients who are
over 60 years old and have uncontrol of blood pressure were appointed to visit doctor

or health personnel every month until the person blood pressure under controlled.

Each patient who participate in this study was scheduled to come back to health
facility once a month (every 30 days). According to the outpatient data-based program
of Buengkan hospital and 4 health promoting hospitals, patients were scheduled to
visit health facility for follow up, patients who recruited in this study were scheduled
to come to health promoting hospital once a month continue for three months. We
propulsive selected Non Somboon Health Promoting hospital to conduct the study
due to the number of elderly hypertension patients with uncontrolled blood pressure.
This health promoting hospital approximately 11 kilometers far from Buengkan hospital
(wWhere phase | and Il being conducted).

From our original study plan, we recruited at least 50 to100 patients per week. For 2
weeks 200 patients were recruited in to this study. Each of the patients was allocated
to intervention and control as explained in the randomization method.

Initial visit: data was collected included baseline demographics and self-perceived
health status, medication list, baseline of antihypertension medication adherence
and baseline of blood pressure. In this phase, there is no specific education or
adherence intervention was performed. Patients who were selected into baseline
data collection were given medication for 1 months and were asking to stop taking
medication that had left at home. Medicine provides to the patients who participate
in this study was counted. Patients were asked to bring back the whole package that

were given to them to health facility after 30 days.
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Baseline of antihypertension adherence is defined as the mean value of 30 days
adherence assessment. Adherence level identify by pill count.

Baseline of blood pressure was measured by calibrated manual sphygmomanometer.
Blood pressure was measured 2 times each 2 minute apart. The measurement was
done from same arm in the seated position.

During phase lll, following successful completion of phase Il. The antihypertension
medical adherence improving education program with the intelligent pill box will be
given in the intervention group and in the control group only antihypertension medical
adherence education improving program (standard program) was given to the control
group. The participants in both group were appointed to come back for regular
appointment at 30 days. The intervention group and control group were appointed in
different day. The demographic, medical adherence was assessed by using pill count
and the blood pressure were measured. The usual antihypertension medical
adherence program was given to both intervention and control group both in group
and individually before patients collected their medication. For the intervention group,
they were asked to bring the Thai-intelligent pill box along with them to refill the
antihypertension medication by research assistants. The process will be continuing for
three months after baseline. Home visits were conducted in the first month of
intervention after patients receive Thai-intelligent pillbox.

The flow of hypertension patients through the trial is shown in figure 3. The intent of

the flow is for all participants to participate in phases lll of the study.
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Assessed for eligible
(n=408)

+ 187 were excluded

Eligible for study
(n=221)

" 21 declined to participate

Randomized
(n=200)

|
l l

Allocated to intervention Allocated to control group
group (n=100) (n=100)
‘ |
' '
2 lost follow up in month one
3 lost follow up in month two

1 died in month two
6 lost follow up in month three

i

2 lost follow up in month one
2 |ost follow up in month two
4 ost follow up in month three
1 died in month three

100 included in intention to treat analyses 100included in intention to treat analyses
93 analyses based on data collected at 3 months 95 analyses based on data collected at 3 months
follow up follow up

Figure 3- 1 Eligible of patients through the study protocol.

3.2 Randomization

After the baseline questionnaire had been administered, the participants were
randomized into an intervention or control group. The participants selected using
a simple random number generator without replacements assigned to either the
usual program with intelligent pill box (intervention) and only the usual
antihypertension medical adherence education program (control group) in a 1:1
ratio. Allocation to study arm was concealed in sealed individual small opaque
envelopes, opened consecutively after a patient met study criteria. The random

number sequence and envelopes were generated off-site. The envelopes were
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opened by research assistants, who had no knowledge to the allocation.
Participants both groups are unblinded because of the nature of the intervention.
It is not possible to hide the assignment of the group to either the participants or
the health care providers. For this study neither the patients nor the researcher
were blinded to the intervention. From the total of 408 elderly with uncontrolled
blood pressure hypertension patients registered at the five Health Promoting
Hospitals, of those 187 were excluded out due to location of the health promoting
hospitals and due to exclusion criteria before they were contacted. Of the 221
eligible participants, 21 were refused to participate, 200 were randomized into
intervention or control group. The study protocol followed the Consolidate
Standards of Reporting Trials (CONSORT) guidelines to report the results from

clinical trials (126)

3.3 Treatment groups

Control group

Elderly hypertension patients will receive standard antihypertension medical
adherence from the health care providers from Non Somboon health promoting
hospital which include; 1) knowledge about hypertension 2) knowledge on short
term and long term of non-adherence of antihypertension medication 3) benefits
of adhering to antihypertension medication 4) what are the barriers of adherence
5) encourage patients to take medication regularly and help them believe that
they can follow prescript to achieve the goal of controlling blood pressure.
Intervention group

Elderly hypertension patients who were randomized to the standard
antihypertension medical adherencel) knowledge about hypertension 2)

knowledge on short term and long term of non-adherence of antihypertension



75

medication 3) benefits of adhering to antihypertension medication 4) what are the
barriers of adherence 5) encourage patients to take medication regularly and help
them believe that they can follow prescript to achieve the goal of controlling
blood pressure with Thai- intelligent pill box. The education program provided by

researcher and three trained research assistants.

3.4 Study area

The trial follows the specifications of the revised consort criteria.

The study area is in Buengkan district, Buengkan Province, Thailand. Buengkan is
newest province and one of the northeast provinces of Thailand. Neighboring
provinces are Nongkhai, Nakorn Panom, Sakon Nakron and Laos People’s
Democratic Republic (PDR). According to the 2014 census, the population of this
province was 418,516 persons. Buengkan health office networking which has an
estimated 92,039 residents. The study was conducted in the outpatient chronic
disease clinic of Non Somboon Health promoting Hospital. The number and
percentage of hypertension patients who can meet the goal of control blood

pressure as show in table 3-1
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Table 3-1 Number of elderly with hypertension and percent of patients who can

control blood pressure< 140/90 mmHg in this study area.

Location | Hospital Number of Percent of patient
and Health elderly with | can control blood
Promotion hypertension | pressure< 140/90
Hospital mmHg
Nasawan | Nasawan 962 210 (21.82%)
sub- health
district promoting
hospital
Wisit sub- | Wisit health 690 162 (23.47%)
district promoting
hospital
Non Non
Somboon | Somboon 852 255 (30%)
sub- Hospital
district Promoting
Hospital
Mueang Buengkan 20,510 6,564 (32%)
sub - hospital
district
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Figure 3- 2 Map of Buengkan Province include Mueang district. Original source from
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3.4 Study Population
The study participants were elderly persons, 60 to 79 year of age who had
uncontrolled blood pressure and history of poor antihypertension medical
adherence in Non Somboon health promoting hospital, located in Buengkan
district, Buengkan Province, Thailand. Patients approached for written consent to
participate in this research study. Non SomBoon, Health Promoting Hospitals was
used to identify potential patient candidates based on diagnosis of hypertension
that listed in the databased. Buengkan hospital and Buengkan District Health office
reports a high number of elderly patients with hypertension. Data from the chronic

disease clinic collecting in 2015, 20,510 elderly patients who were diagnosed
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hypertension and 68 % of these elderly hypertension patients have blood pressure

> 140/90 mmHg. (127).

3.5 Inclusion and Exclusion criteria

Inclusion criteria
1. Hypertension patients who was diagnosed at least 1 year.
2. Hypertension patients who 60 to 79 years of age.
3. Hypertension patients who take at least one prescription drug for the

treatment of hypertension.

4. Hypertension patients with a history of non-adherence to take their
hypertension medication as prescribed by their physician in the last 3-month
prior conduct this study.

5. Hypertension patient who have systolic blood pressure > 140 mmHg and/or
diastolic blood pressure > 90 mmHs.

6. Hypertension patients who manage their own medication.

3.6 Exclusion criteria

1. Hypertension patients who (do not exercise) has exercise less than 15-30
minutes 3 time a week or house work less than 60 minutes 5 days a week.

2. Hypertension patients who has BMI over 29.9

3. Hypertension patients who has experience of alcohol drinking 4 drinks in
woman and 5 drinks in man in the past month before study.

4. Hypertension patients who has smoked more than 100 cigarettes in their life
time and has smoked in the last 30 days before study(128).

5. Hypertension patients who has experience of using any kind of addicted drug

in the last 3 months and during study period.
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6. Hypertension patients who are unwilling to participate and be monitored for
adherence.

7. Hypertension patients that are hearing impaired.

8. Hypertension patients that lack basic reading skills.

9. Hypertension patients who planned to move out of the study area during the
research timeline.

10. Hypertension patients who have serious medical conditions, which may,

inadvertently, interfere with conducting the study.

3.7 Sample and Sample size calculation

Participants are 200 elderly hypertension patients who registered to receive
hypertension treatment at Non Somboon health promoting hospital which in
connecting with Buengkan hospital and receive medication and follow up
services from Non Somboon health promoting hospital which in the Buengkan
Health office connecting of Buengkan Hospital. The number of sample size from
the calculation below;

Compare mean difference between two groups independently

Effective size base on existing study : Effect of a pharmacy care program (
program and pillbox) on medication adherence and persistence blood
pressure(129, 130).

Effect size = 0.5

Assuming Significant level 0.05, power 0.95

Using the G power version 3.1.9.2 for sample size calculation

Total sample size is 181, 91 from each group.
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Add additional 10 % to account for drops out. Total sample size is 200, 100 from

each group.

Central and noncentral distributions  Protocol of power analyses
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Test family Statistical test

Tt tests =

Type of power analysis

Means: Difference between two independent means (bwo gQroups)

A priori: Compute required sample size — given o, power, and effect size

Input Parameters

Cutput Parameters

Tail(s) One - Moncentrality parameter & 3.3052307

Determine => Effect size d 0.49 Critical t 1.6533630
o err prob 0.05 D 180

Power (1-5 err prob) 0.95 Sample size group 1 a1

Allocation ratio N2/MN1 1 Sample size group 2 a1

Total sample size 182

Actual power 0.9503151

Figure 3- 3 Sample size calculation

3.8 Sampling Technique and Approaching Participants.

Participants in this study are hypertension patients who identify as poor medical
adherence on hypertension medication.
Sampling technique are included following steps;
Step 1: Purposively select Buengkan province for sampling because this
province has high prevalence of hypertension patients. And high percentage
of uncontrolled blood pressure in hypertension patients.
Step 2:Multistage sampling selecting Non Somboon sub district as reported
highest prevalence of uncontrol blood pressure in elderly hypertension in
Buengkan District(127).
Step 3: Use the district health office databased program to generate list of

patients who meet the inclusion criteria, 60-79 year of age, have history of
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non-medical adherence and un control of blood pressure (BP>140/90mmHg.)
The researcher contacted the hypertension patients from the contact list in
the databased if no contact detail, patients were contacted via village health
volunteers who responsible for the village that patient lives. Patients were
approached either the day that they come for their regular checkup or
researcher go to villages with community health volunteers to invite them to
participate in the study. Eligible patients approached for consent.

Step 4: Exclude patients who meet the exclusion criteria and refused to
participate in this study.

Step 5: Enrolled patients in to phase Il of study.

Step 6: Randomization assign 100 patients to intervention group and 100

patients to control group.

3.9 Field Management

Phase lll: A randomized control trial and program implementation.

Baseline Data Collecting

1. Researcher generated the list of hypertension patients from computer databased
of Buengkan hospital and Non Somboon health promoting hospital then print out
the Llist of patients who are 60-79 years of age and above with history of
uncontrolled blood pressure and antihypertension non-adherence in the last three
months.

2. Researcher checked appointment date of patients who will come to hospital
and health promotion hospital during September 2017. The appointment date of
patients merge with the inclusion criteria will be print out. This process is to plan
to approach patient for volunteer and consent to participate in this study for those

patients with no contacted show in the data based. Researcher met with village
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health volunteer at community to identify if patients are in the community and
visit them at their home to invite to participate in the study. For those patients
who willing to participate, the new appointment was made for them to come to
hospital for baseline data collecting.

3. At baseline, on the date that patients come to health facility due for their doctor
appointment. The researcher explains the program and invites hypertension
patients from the list of uncontrolled patients, after the participants confirmed
eligible in this study. The data collected were included demographic characteristic,
review the blood pressure record in the hospital data based, medication list. The
blood pressure was assessed at baseline and recorded.

4. From all patients that meet the exclusion criteria were exclude out from the
eligible process.

5. Participant who eligible to study were randomized in to intervention and control
group.

6. At this step patients were giving medicine and advice to start taking medicines
which were given from the day that they sign consent form to participate in the
study.

7. All patients were appointed to come back to health promoting hospital after 30
days. They were asked to bring their hypertension medicine packages with them.
The research assistants collected medicine and conducted pill count for
antihypertension medicines that had left in the package. The baseline of the
medical adherence was collected at this step. First day of baseline data collecting
was from the day that medicine was given to patients which was on October 23-

27, 2017. And pill count of baseline data collecting was on November 21-25,2018.
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The participants are allocated to intervention and control group on the date that
medicine was given when start of baseline data collecting. On the complete of the
simple randomization to allocate participants in to intervention (100 participants)
and control group (100 participants) Each of the group was received the
antihypertension treatment as usual.

In this phase, it is the implementation phase of the study. The researcher gave
the introduction of study for participants in both intervention and control group.
The information provide to participant during this introduction are;

1) Program introduction
® Objective of the study

® |ntervention which included education to improve adherence program

and Thai intelligent pill box.

® Study duration.

2) The researcher and research assistant provide information on hypertension
and medication adherence for 30 — 45 minutes. This process is being done
while patients waiting to meet health personnel for their routine follow up
at the waiting room.

3) After patient meet with the health personnel, the medication prescription
was record in the patient’s logbook and computer system of Non
Somboon health promoting hospital. After patients receive their medicine,
they assigned to come to the medication refill table. At this table, nurses
managed and filled medicines into the Thai intelligent pill box.

4) For the intervention group, each of patient eligible in this study was given
Thai intelligent pill box that already fill with their supply and explanation

on how to use the pill box. This process will take about 20-30 minutes.
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5) After participants bringing the intelligent box home and start to use this pill
box. The researcher and research assistants conducted home visit after 5
days after patients receive the pill box. This home visit is a onetime home
visit. The phone call is for recheck if participant have any problem using the
pill box. The telephone number of researcher and two research assistants
were posted on the back of the pill box. Participants can call research team
anytime when they have any difficultly or problem using the pill box.

6) The process had been continued for three months. Patients were appointed
to come back to Non Somboon health promoting hospital every 30 days
continue for 3 times (months) After first month receive Thai intelligent pill
box in November 2017, the first appointment was in December 2017, second
appointment was in January 2018 and third appointment was in February
2018.

7) As this is the pilot project to test effect of the Thai-intelligent pill box on
improve medical adherence however the Thai-intelligent pill box were
developed using the 3D printer but not manufacturing with quality control.
All patients who receive the Thai-intelligent pill box were asked to return
the Thai-intelligent pill box to researcher and for those pillbox that had been

broken were recorded.

3.9 Data Collecting

After implement intervention one month, the patients returned to the hospital for
their doctor appointment. Researcher and research assistants counted the pill and
calculated the percentage of medical adherences. Blood pressure was assessed
two time and 2 minutes break between in each time. Pill count was used to identify

data for medical adherences. The same process continued in month 2 and month
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3. The final outcomes of intervention which include medical adherence by pill
count and blood pressure measurement were collected at the end of month 3.
At the end of month 3, the same questionnaire as baseline was used to collected
sociodemographic characteristic, clinical characteristic and medical characteristic in
both intervention and control group.

3.10 Structure of Intervention

Following successful completion of Phase |, patients enter to phase Il. In phase Il
the feasibility of the Thai-intelligent pillbox was tested. From the successful of
phase II, researcher developed the final design of the Thai-intelligent pillbox and
tested the effect on improve medical adherence among elderly hypertension
patients. In phase lll, consist of two groups, each group was with a different
approach. The intervention group received health education program on
antihypertension medical adherence and Thai-intelligent pill box. The control
group receive only education program which with no Thai intelligent pill box.
Researcher also conducted home visits at patient home one time after they
received Thai- intelligent pill box. However, during home Vvisit researcher did not
giving any information on medical adherence. The home visit was only to ensure
that the Thai intelligent pill box working properly.

The intervention group was undergoing a comprehensive program and using
intelligent pill box. There were three elements introduced into this approach. First,
using standardized scripts recommended from Thailand ministry of Public
Health(131), the patient was provided education on the medication currently being
taken. Secondly, reminding to take medication by used of an innovative Thai-

intelligent pill box which was designed for this study and last, one-time follow-up
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after first receive Thai-intelligent pill box 5 to 7 days with researcher and health
personnel who was trained as research assistant.

The educational intervention was a 15-30 visit that addresses the proper drug
name, key attributes of the drug, adverse effects, and usage. This education is
arranged with patients with 5 to 10 persons per session by researcher and 2 register
nurses who were trained as researcher assistants.

Research assistant

Research assistants are register nurses who were trained by researcher. The training
is focus on how to use the intelligent pill box and adherence to antihypertension

treatment.

The research assistant training is a participatory training which trainer to assess their
knowledge and skill during the training. At the end of training, research assistants
practiced how to teach elderly to use intelligent pill box follow the intelligent pill
box manual for elderly with hypertension and the teaching plan, developed by
researcher and the researcher evaluated their teaching skill and their understanding
the use of intelligent pill box.

Research assistant role include;

1. Assist researcher in identify patients with hypertension who has poor adherence
from the hospital record.

2. Assist researcher in provide education program to participants.

3. Assist researcher in filling hypertension medicine into intelligent pill box and
cross check each other after filling in the pill in the pill containers.

4. Asist researcher in home visit during phase Il and Il of study.
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At the start of this phase, Thai- intelligent pill box were distributed to patients in
intervention group.  Thereafter, medication was dispensed by a pharmacy
technician in the designated pill box used for the study. Medication will be
provided for a period to cover one month of the prescription.

During the subsequent follow-up visits for adherence, pill counts was performed
to determine level of adherence. Researcher did not make any adjustments to
medications or their doses. In addition, the patient’s blood pressure was taken by
using the same method as the initial BP measurement.

In case, the Thai intelligent pill box is damaged or has any problems regard its
function while participants using in at home. There was a technical support from
the research team which the phone number is placed on the back of the box for
24 hrs. Phone number which link directly to the technical support team in the
field. This technical support team was trained on how to identify problem and fix

the intelligent pill box.
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Figure 3- 4 Front view of Intelligent Pill Box
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Figure 3- 5 Front view of Intelligent Pill Box with label of medication name and dose

on the glass door lid.
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Figure 3- 6 Top View of Intelligent Pill Box

Figure 3- 7 Pill Box Containers for inventory and medication supply
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The 10 innovative functions that innovative design suitable for elderly patients with

hypertension and other chronic diseases. This design is not duplicate with any existing

pill box. The functions in this Thai-intelligent pill box include;

1.

2.

9.

Nine compartments for medications.

Compartments difference sizes that suitable for different kind of pills, size of
compartment start from 0.5 mm. to 13 mm.

Each compartment can contain medicine supply that take one tablet per day
from 7 to 30 tablets.

Each of compartment can identify time to take medicine by reflective color
tape that help patient identify which medicine to take at and when to take
medicine. Orange for morning, dark blue for lunch, pink for evening and light
green for before bed time.

The alarm could be set for 4 groups as a reminder in accordance with four time
include morning, lunch, evening and before bed.

The alarm system has snooze function.

Slide murky glass door that can protect medicine from light.

On the slide glass door place sticker which label name of medication, how
many tablets to take, and when to take this for patients or care taker can
recheck whether patient taking the right medicine, right dose and the right time.

In the body of the box have place to put name of patient.

10. Using simple and long lasting affordable battery (3V CR2025 or CR2032)
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Initiative detail of specification of intelligent pill box.

The intelligent pill box consists of two parts

1. The inventory of medication supply

2. The pill box size height 17 cm. x width 10 cm x length 12 cm., weight 280 grams.

Safety and precaution

1. Should avoid placing the intelligent pill box near heat and wet area.
2. Keep it away from children.

3. Place it near where the user can hear alarm (not over 10 to 12 meters).

After Phase Il was conducted the result from phase Il was used to finalize the
design of the Thai-intelligent pill box. One of the main modify of the pillbox was
to remove the inventory part and add information on medication inventory and
check expire date of the medicines in the usual care program. And one other
out-standing gap of the pill box was that the original design has expose to air and
impact of the moisture from the air could have effect on the medications. We
addressed this issue by put the medicine tray in the seal plastic box to protect
medicine from moisture and air. The final design as was using in Phase Ill shown in
figure3-6.

3.11 Research instruments

Qualitative data

Instrument for collecting qualitative data is the guideline for in-depth interview. The
in-depth interview used to collect information on recommendation from health care

personnel and elderly patients on appropriate design of the pill box.
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Quantitative data
Research instrument to collect qualitative data for this study is the interview
questionnaire consist of

Part 1: personal data include; age, gender, marital status, education, occupation,
living arrangement, type care taker, co-morbidity, number kind of medicine taking per
day, weight, height, and type of insurance.

Part 2: Blood pressure measurement by sphygmomanometer

Blood pressure was measured using a sphygmomanometer and measured two
times in the sitting position, spaced two minutes apart on the same arm. Blood
pressure record was blood pressure that calculated the average blood pressure from

the two times measurement.

Figure 3- 8 Mercury sphygmomanometer using in this study.

Part 3: Medical adherence level
Pill count for medical adherence: Patients are generally considered adherent
to their medication if their medication adherence percentage, defined as the number
of pills absent in a given time period (“X”) divided by the number of pills prescribed

by the physician in that same time period(125)
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No. of Pills Absent in Time X/ No. of Pills Prescribed for Time X_x 100,
if it is greater than >70% mean the adherence is good adherence
once calculate the percentage of medical adherence on antihypertension drug. The
percentage was classified into 5 level of medication adherence as show in the
table3-2

Table 3- 2 Level of medical adherence

Level of medical Meaning Percentage of medical
adherence adherence from

calculation formula

5 Very good 80.0-100.0
a4 Good 70.0-79.9
3 Moderate 60.0-69.9
2 Poor 50.0-59.9
1 Non-adherence <50.0

Part 4: Perception and satisfaction of using intelligent pill box
The perception and satisfaction of using intelligent pill box developed by
researcher consist of 10 questions included 5 questions asking about
perception toward intelligent pill box and another 5 questions asking about
the satisfaction of using intelligent pill box.
1. Perception toward intelligent pill box among elderly with hypertension.
Questions asking about perception toward intelligent pill box using 5 levels of
Likert Scale.
2. Satisfaction of using intelligent pill box. Questions asking about satisfaction

of using intelligent pill box using 5 levels if Linkert Scale. Questions in four
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areas included; reminding time to take medicine, work function, size and
design, sound and light, store of medicine and benefit to daily life.

3.12 Validation and Reliability

The questionnaire was review by 3 experts in the field of chronic disease especially
hypertension to validate the content of the questionnaires.

This study used the internal consistency reliability testing. This is conducted by
trying out the instrument once, and the results of the analysis were used to predict
the reliability of the instrument. Instruments testing, both validity and reliability
were not tested on all respondents when the data collection process had been
completed, but the preliminary sample of at least 30 respondents in the similar
group in a different area or province was conducted. The scores are used in this
instrument to produce dichotomy scores (1 and 0). The data was calculated by
using  manual calculation(132). Reliability of perception and satisfaction
questionnaire Cronbach’s alpha = 0.94

3.13 Data Collection

Baseline data was collected. This data includes: sociodemographic characteristic,
medication(s) taken for hypertension, medication adherence and blood pressure.
Data collection method using interview. No counseling, education or any type of
intervention is performed during the data gathering. Patients receive medicines
which were count for 30 days’ supply. Researcher and researcher assistants explain
to patients that they only take medicine from the package were given to them this
time for 30 days without taking any antihypertension that had left at their home.
In this phase, patients were appointed to come to the health facility every 30 days
for checkup and data gathering every 30 days continue for 3 times (3 months). In

this phase during intervention at month 1, 2 and month 3 pill count and blood
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pressure assessment were collected and record in same the record sheet
(appendix 1) from the baseline data collecting. This process was conducted by
researcher and three research assistants. The process of pill count in this phase
was conducted as same as in phase Il which medication adherence was determined
by using a percentage of adherence from pill count, meaning counting pills that
have been taken relative to the number of pills that should have been taken.
Blood pressure was taken using calibrate manual mercury sphygmomanometer
and was measured two times 2 minutes apart in the sitting position. Measured
BP was calculated as the mean of the second BP values.

3.13 Outcome Measurement

The outcome of Phase Il'and Phase lll is percentage of medical adherence and
blood pressure, along with the mean medication adherence between the control

and intervention groups.

3.14 Data Analysis

The study analyzed and used the statistical package for Social Sciences. SPSS
version 17 for Windows was applied in this study. The statistical analysis is
comprised of the two follow parts;
Part 1: Descriptive Statistics: Frequency and percentage was used to measure
Socio-demographics analysis include; age, gender, education, occupation, number
of year was hypertension diagnosed and number of medication taking.
Baseline characteristics between control and education to improve adherence
program and Thai-intelligent pillbox group were compared using Chi square test.
Part 2: Compare the effects of intervention and control group.

.

Mean, median and SD were used to measure medical adherence and

blood pressure.
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® Chi-square (test for categorical variables) and independent t-test (for
continuous variables) to compare the baseline characteristics between the

groups.

® Changes in medication adherence, BP, for phase Il is compared using paired
t tests.
® Changes in medication adherence, BP for phase Ill is compared between 2

group using student independent t-test.

® Repeated measures ANOVA was used to compare the effect of intervention
over time.

® The dependent variable for this analysis is the change in medication
adherence between the end of baseline and the conclusion of month 3
after intervention.

For the end point of phase lll, analysis is performed according to the intention to
treat principle. Patients who not complete the randomized trial because of death
or withdrawal were analyzed by the imputation method of last data carried
forward, using the medical adherence level at the conclusion of month 3 in phase

Il of this study.

3.15 Ethical Consideration

The study protocol was reviewed and approved by the Ethics Review committee
of research involving human research subjects, Health Science Group,
Chulalongkorn University and Ethics review committee of Buengkan Hospital.
Phase | and phase II: qualitative study and design and development of the Thai-
intelligent pill box was approved by;

Buengkan Hospital Ethical approval Number: BRHEC2017-05
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Phase lll: A randomized controlled trial was approved by;

Chulalongkorn University Ethical approval Number: COA No.184/2560

Buengkan Hospital Ethical approval Number: BRHEC2018-01

Under the guidance of humans, the participants received a full explanation about
the study including; the study purpose, process, benefits of the study and signed
consent form participants prior participate in the program and answer the
questionnaire. As for the control group, was provided education and participate in
the education to improve adherence to antihypertension and hypertension control
program. Participants were provided clearly explanation on the process of
participate in the study which also provided clearly that they could rest or stop
participate in the study whenever they want. And have right to ask any questions

as well as fully receive explanation.



CHAPTER IV

4. RESULT

This study aimed to examine the effect of Thai-intelligent pill box, the
utilization of a low-cost elderly friendly and simple electronic pill box to improve
medication adherence in elderly with hypertension patients in the rural area northeast
of Thailand.

This chapter showing result from the finding from 3 phases. The outcome from each
phase is described in detail in this chapter. The three phases included;

1. Phase I: Thai-intelligent pill pox design. We used the qualitative method by conduct
in- dept interview in 22 elderly hypertension patients and 8 healthcare providers
include 6 nurses, 1 pharmacist and 1 public health officer then incorporate their
perception and recommendation into the design of the pill box. The sub sequence
home visit to observed how patient manage their medication as well as store their
medication at home was also performed.

2. Phase II: Thai-intelligent pill box development and implementation. This phase was
a pilot project to test the efficacy and feasibility of the pill box. We also examine the
satisfaction from using the pill box of 30 elderlies.

3. Phase lll: A two arms unblinded randomized controlled trial. The unblinded parallel
groups trial with participants randomly assigned to either the control group (receive
only the education to improve medical adherence program) and the intervention
group that receive the same education program and Thai-intelligent pill box. The
assigned to each group in a 1:1 ratio. The study designed to compare before and after

intervention between intervention and control group. The following period was 3
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months after baseline. The outcome measure at 1 month, 2 months and 3 months

after baseline.

4.1 Phases |
Thai-Intelligent pill box design.

These was 30 participants comprised of 22 elderly patients included 14 females and 8
males. And 8 health providers included 6 female nurses and 1 male pharmacist 1
public health officer. Elderly patients age between 60 to 71 years of age.

Summary of qualitative findings from interview patients.

The themes from the interviews and observation include:

1) Perception toward hypertension.

Many of the patients reported they understand that hypertension is a chronic
lifelong disease. However, many of them reported that they don’t believe that taking
medicine will help and they have been taking medicine for a long period of time but
still their blood pressure still high.

“Hypertension cannot be cure. Medicine that we are taking sometime not really help
as | took it for a long time but still my blood pressure is high”

Most of participants are aware that the doctor’s appointment is important. they think
that coming to the hospital and following the appointment schedule is important
because they need a chance to meet with doctor and check their blood pressure and
other health related.

“I come to hospital and follow my appointment schedule every time at least to check

my health condition”. (Male age 70 years)
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2) Knowledge of hypertension and its treatment.
Most of participants do not know what causes hypertension. Most of them believe that
older person tends to have hypertension.

“I do not know the cause of it but people who get older are more likely to have
hypertension than young person.” (female age 65 years)

When asked about how to control hypertension, all of them knows that common
treatments of high blood pressure is to avoid salty and oily food as well as taking
antihypertension medication.

“Avoid salty and oily food and take medicine. | had heard people die from kidney

failure from taking too much medicine, so | think maybe taking medicine is ok, but not
as many as we are given. (Female age 68 years)
When asked about the name of their medication, none of participants knew the name
of the medication but they can identify what each medicine does (basically). All of
them remember the colors and shape of the package and pills and based on this, they
know which medicine to take. This is method used for all their medications.

“I don’t know the medicine’s name, but | know what it’s for and | can remember
color, shape and package of medicine which that tells me if that medicine is for
hypertension or not.” (Male age 69 years)

When asked how they receive information regarding hypertension and other chronic
diseases, all of them commented they receive information from the hospital and

health promoting hospital.
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“While waiting to see doctor in hospital or health promoting hospital there were
nurses who give information about hypertension and diabetes to us.” (Female age 74
years)
3) Reason of poor adherence to hypertension medication.
More than half of participants reported that they are taking medication according to
their prescription but from the pill count results, it shows that they are in poor
adherence to their treatment. Reason for poor adherence as following;
A. Patients use their routines of taking the same dose of medicine for a long period of
time.
“I remember all my medicine, what and when to take because | took this medicine
for more 5 years when doctor change, I still took the same”. (Female age 70 years)
B. For some patients who needed to take half or a quarter of the dosage, often took
the wrong dosage due to misunderstanding the dosage instructions.
“I cut that white big hypertension medicine into four pieces and | took one piece
the rest that left | throw them away. Some months | finish all the medicine in 10
days. (Female age 62 years)
C. New package of medicine from different company sometime caused confusion and
patients will not take that medicine as they don’t understand that medicine is the
same.
“Doctor gave me new medicine. | don’t see reason to take more medicine

because | still have many left at home. (Male age 69 years).
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D. Forgetfulness. All of patients reported that they sometimes forget to take
hypertension medicine.
“I admit that many times | forget to take medicine due to my daily life activity”.
(Male age 62 years)

“When | go to the farm or go to the temple in the morning, | take breakfast there,
but my medicine was at home and that make me miss taking that dose of
medicine” (Male age 64 years)

E. Wanting to avoid potential side effects of medicine.

“When | take medicine, | feel tired, cough a (ot and cannot sleep at night so | stop
taking medicine.” (Female age 68 years)

F. No signs and symptoms. Many of participants mentioned, there are no signs and
symptoms which leads them to believe there is no reason to continue taking medicine.

“I don’t feel like | need to take medicine because | don’t have any signs or
symptoms. | don’t have headache or anything. | don’t see reason why | need to
take medicine.” (Male age 66 years)

G. Belief that taking many medications would cause other serious health problems.

“We think that taking hypertension medicine for a long time will damage kidney
and liver which is the reason why people have diabetes after hypertension so for
me that’s why | don’t take medicine every day”. (Female age 67 years)

4) Self-care management at home of hypertension patients.
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Most participants take care of themselves at home. They understand that to control
their blood pressure just medicine is not enough. They need to control diet and
exercise as well as control their stress.
“The doctor told us to take medicine and don’t eat salty and oily foods. | tried
to follow the advice, but still every time | check my blood pressure it is still high”.
(Female age 67 years)
Most of patients expressed they do not consume salty or oily foods, however the
researcher discovered that while the patients avoid salt, the seasonings they use are
high in monosodium glutamate.

“My daughter is concerned that | have hypertension, so she does not put much
salt in the food. She mostly uses fish sauce and roddee.” (Female age 69 years)
“We eat vegetables and namprikplara (fermented fishes and salt) with fishes as
it is easier to find than pork or other meat product”. (Male age 60 years)

All participants mentioned that even though they do not exercise regularly.

“I don’t have exercise regularly at least 3 time per week but | walk to temple
every morning from my house to temple it takes about 15 minutes or more.”
(Female age 64 years)

5) Patients manage and store their hypertension medication at home.

All of participants managed their own medication. All participants store their

medication in bags that contain many other prescription drugs. Expired medication was
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commonly found being stored by the patients. New medication and old medicine were
stored together in one place.

“I manage my own medicine and take it based on my routine as | have taken
medlicine for so long. | know better than anyone what to take.” (Female age 60
years)

In addition, most all the patients used a simple clear plastic bag for storage of their
medicines and some stored their medicine is hot areas. None of the participants
organized their medications in any way. Expired medicine was commonly found in
their inventory of medications. None of the patients were aware of checking the expiry
dates. In many cases, did not know how to check the expiration date.

“I do not know how to check and never checked expire date before. After |
received medicine from hospital | put them all in the same place”. (male age 61
years)

When ask about how they do to help taking medication follow the prescription. Most
of them report they do not do anything. They took medicine when they can
remember.

“I do not do anything to help, I just take medication when | remember”. (male
age 62 year

6) Preferred pill box design
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Researcher showing picture of existing pill box and asking if they will use the pill box
to help them manage and remind them when to take medicine. Most of the
participants reported they would use the box as they do not have to buy it.
“It will be good, but it must be expensive. If | can get the pill box for free | will
use it. It will help remind me to take medicine”. (female age 68 years)
When asking participants what they preferred design of the pill box include the color,
screen, size and ring sound of the box. Most of common answer were the white color
is frequency reported from participants. Screen with light also common answers. The
square shape and small size that not too big to carry around was recommended.
“White and simple to use. Square not too big that would be easy to carry around
if I need to bring it with me”. (male age 70 years)
When researcher asking about experience using any pillbox, pill dispenser or pill
reminder to help in manage their medication. Most of patients report that they do not
use any of those only store medicine in the plastic package that health facility cave
them. Only few reported that they use simple pillbox to store their medication
especially when medicine need to be divide into half pill or one fourth of pill.
“I never used any of those pill box. (Male 64 years)
“I use small plastic pill box to help organized my medicine when | need to cut

medicine to half” (female 71 years)
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Some patients show their current pill box that they were using and provide opinion
on problem and difficulty of using it. Some patient provide recommendation on the
design base on the difficulty of using the existing pillbox.

“I'use this pillbox for a long time | bought it from the store, the lid cover is very difficult

to open when | open the lid sometimes the medicine falls out from the compartment.

It would be better if a new can easily open”

Figure 4- 1 Existing pill box available in the study area

When researcher showed the initial Thai-intelligent pillbox picture and asked patients
what function that they prefer in the Thai intelligent pill box. Most of participants
prefer to have pillbox that simple to use as they manage medication themselves
without any supervision.

“Pillbox that simple to use and set up will help me because something too high
technology | will be afraid to use as | have no one help me when | take medicine”

(female 72 years)
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Summary of qualitative findings from interview health care providers.

1) Target to achieve hypertension treatment and strategy to achieve target of
hypertension treatment.

When researcher asking about the main objective to achieve hypertension treatment
and what the strategy to achieve hypertension treatment. The most common answer
was hypertension patient’s blood pressure should be under control. Strategy to
control blood pressure include diet, exercise, control stress and taking
antihypertension medication.

“Patient’s blood pressure should be under control and to achieve that we
need patient participation. They need to control their diet, stress, exercise and taking
medication follow the prescription”. (female nurse age 38 years and work in the
chronic disease clinic for 3 years)

When asking about how to assess patient’s selfcare. The common answer was check
their blood pressure and asking patients if they take medication follow the prescription.
2) Hypertension medication management at home among elderly patients.

When asking about the patient’s behavior from the health care provider perception
and experience. The common answer was most of patients manage their own
medication and only few who need family to help in manage medication. And one
common answer about medication storage was patient mix old and new medicine in

the same place.
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“Most of the patients manage their own medicine and they remember
medicine and what to take by the color and shape of medicine when we change
company and give the same medication they do not take medicine then when they
bring medicine home they mix new with old medicines”. (female nurse age 42 years
and experience working in the chronic disease clinic for 5 years)

3) Antihypertension adherence among elderly patients.
When ask about patient medication adherence, most of common answer was patients
are poor adherence to their medication.

“Patients do not take medicines that we gave. When we went for home visit
we found so many medicines are left at their home”. (female nurse age 29 years,
experience in the chronic disease clinic for 2 years)

4) Perception of introduce electronic pill box to patients.
Most of health care providers perception was positive when researcher gave the picture
of existing pill box and asking their perception on introduce pill box to elderly patients.

“I think the pill box might help remind patient to take medicine”. (male
pharmacist age 35 years, experience in the chronic disease clinic for 5 years

“Try to make it simple to use our patients are older person they have to
manage their own medicine” (female nurse age 38, experience in chronic disease clinic
for 3 and a half years)

5) Recommend for pill box design
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There are few keys idea that health care providers recommend in the feature of the
pill box. 1)pill box should have chamber that separate each of medicine from each
other 2) pill box should protect from light and humidity 3) the ring sound reminder
should be loud. 4) The pill box should add name of patient, name of medication, dose
of medication and time to take medication.

“The pill box should have chambers that can separate medicine and it should
be simple to use”. (male pharmacist age 35 years, experience in the chronic disease
clinic for 5 years)

“The pill box should protect medicine from sun licht and humidity”. (female
nurse age 38 years, experience working in the chronic disease clinic for 3 years)

“The pill box should be design that we can tell medicine, dosage, time and
who is the box belong to (right drug, richt dose and right patient)”. (female nurse age
49 years, experience working in the chronic disease clinic for 10 years)

Research incorporate information gathering from patients and health care providers
into the design of the Thai intellicent pill box.

Key requirements of that the intelligent should have;

We had several keys requirements that generate the design of the intelligent pill box.
First, we require that the device should be multi-compartment pill box which number
of the compartment should be at least 3-9 compartment according the minimum of

medicine that patients taking per day.
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Second, we require that the pill box should be simple and apply appropriate
technology not too high as elders who live in the rural area are mostly low education
and not familiar with high technology. The figuration that require a high technology
but not appropriate for this study population.

Third, the intelligent pill box should be portable and can move around and carry when
need to go work in the field or out for their daily life. Which mean the pill box should
run by battery that small and easy to find in the community with affordable cost.
Fourth, the pill box should have remining system and ability of identify time to take
medication. We wish to create a pillbox that have remining system that using remining
clock system not differ in use from the familiar product that elderly familiar to such as
an alarm clock. This alarm system can be set and remind when to take medicine. Using
color to separate and identify time to take medicine include; morning, Non, evening
and before bed. We wish to create a pill box that help elderly who has a little bit of
memory lost by using color to help them identify when to take medicine and which
medicine to take at which time.

Fifth, the pill box should have the way to identify which pill box belong to whom by
adding patient’s name on the pill box. For health care provide or care taker to recheck
of which medicine that elders are taking, Following the 5 R, right drug, right dose, right
time, right method and right patients. All this information should be visible on the

pillbox.
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Sixth, we need pillbox that can help elders organized their medicine as well as
inventory supply to help prevent taking medicine that expire.

From the key requirements above, we draw a design of the pill box and develop the
prototype using 3D printer.

The first initial 30 prototype of the Thai -intelligent pill box were developed and test

feasibility and function in Phase |l

Figure 4- 2 Part of Thai-intelligent pill box.
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Figure 4- 3 Initiate design the Thai-intelligent pill box.

4.2 Phase |l

Thai-intelligent pill box development and implementation.

In this phase we examine the feasible and function of the Thai-intelligent pill box. We
developed 30 a brand-new innovation Thai-intellicent pill box from 3 D printer. Prior
testing the elderly with hypertension patients, we test the function to ensure it work
properly and friendly for elderly to use.

The function we test before trial in patients included electronic part install properly,
part that contact with medicine we ensure that it cover with plastic food grade, the

LED light and sound of alarm. We found that the alarm sound can approximate hear
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up to 12 meters for normal hearing person. The LED light work properly and alarm
system work according to time setting.

In this phase we reported the result from our trial in 30 elderlies with hypertension
patients. Patients perception and satisfaction of using the Thai-intelligent pill box also
reported in this phase. This phase of study was conducted in BuengKan Sub-district
which is about 15 kilometers distance from Non Somboon Sub-district where the
Randomized Controlled Trail in phase Ill was conducted.

1. Baseline characteristic

There were 30 participants enroll in this phase of study. More than half of participants
were female (60%). Most of participant were married (76.66%). Ninety perception of
participants had education lower than high school and all of them still working in the
agriculture. All of them has diabetes mellitus as co morbidity. The mean BMI of patients
was 23.54. All of them had uncontrol blood pressure, systolic blood pressure mean
was 154.07 mmHg and diastolic blood pressure mean was 86.56 mmHg All of
participant taking more than 2 medicines per day. And most of them had been
diagnosed hypertension for less than 10 years (96.67). Most of them poor adherence

to their antihypertension medication (93%) from the pill count.
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Table 4- 1 Baseline characteristics of the participants (n=30)

Sociodemographic characteristics All participants

(n=30)

Demographic characteristic

Age, mean, (SD) 65.53(4.09)
Gender
Female n, (%) 18(60)
Male 12(40)

Marital status, n, (%)
No partner 7(23.33)
With married partner 23(76.66)

Education level n, (%)
Lower than high school 27(90)

High school and higher 3(10)

Occupation, n, (%)

Agriculture 30(100)

Type of care taker (%)

Children 8(26.66)
Partner 22(73.34)
Other

Type of insurance

Universal Health Coverage Service for 30(100)
elderly

Clinical characteristic

Co-Morbidity (%)



Sociodemographic characteristics

All participants

(n=30)
HT and DM 30(100)
BMI mean, (SD) 23.53(1.41)
Systolic blood pressure means, (SD) 154.07(8.52)
mmHg
Diastolic blood pressure means, (SD) 86.57(5.21)
mmHg
Medication characteristic
Type of medication taking /day (%)
1-2 /day 0(0)
>2 /day 30(100)
Number of years being diagnosed (%)
1-10 years 29(96.67)
>10 years 1(3.33)
Medical adherence rate means, (SD)
Good adherence n, (%) 2(6.7)
Poor adherence 28(93)

SD, Standard deviation, HT, Hypertension, DM, Diabetes Mellitus
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2. Antihypertension medication adherence before and after 2 weeks intervention.

There was statistical significant difference of antihypertension medication adherence
before and after intervention mean different -22.96 (-28.57 to 17.36 Cl) p value <0.001

(Tabled-2)



116

Table 4- 2 Medical adherence for antihypertension before and after intervention

Outco  Medical Medical Mean 95% (CI)* P-Value
me adherence  adherence difference
baseline, after 2

mean, (SD)  weeks

means, (SD)
Thai-pill  56.53(15.23  79.50(14.05) -22.96 -28.57 to <0.001
box ) 17.36
(n=30)

Significant at p-value <0.05

3. Blood pressure compare at baseline and 2 weeks after intervention.

There was no statistic significant different in both systolic and diastolic blood pressure
in participants when compare before and after 2 weeks intervention.

Table 4- 3 Blood pressure at 2 weeks intervention compare before and after

intervention.
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Outcome Before After one Mean

intervention week difference

(n=30)
mean, (SD)  mean, (SD)

95% (CI)* P-Value

Systolic ~ 154.07(8.52)  154.63(5.90) -0.56
BP

(mmHg)

Diastolic  86.57(5.21)  86.80(4.64) -0.23
BP

(mmHg)

-3.22 to 2.08 0.66

-2.53 to 2.06 0.83

Significant at P-value <0.05

4. Patient perception on using Thai-intelligent pill box.

The overall patient perception mean score for the Thai-intelligent pill box was 4.31

out of 5. Patients has mean score 4.53 out of 5 for helping simplify medication taking.

The score for reminding to take medication was 4.30 out of 5, help in taking correct

dose and time was 4.26 out of 5, help simplify daily life was 4.23 out of 5 and help

gain confident when manage medication was 4.23 out of 5 (Table 4-4)

Table 4- 4 Patient’s perception of using the Thai- intelligent pill box.

Perception

Mean (SD)/total

1. Pill box help in simplify medicine taking

2. Pill box remind to take medication

3. Pill box help in correct dose and time to take
medicine

4. Pill box help simplify daily life

4.53(0.68)/5
4.30(0.65)/5

4.26(0.63)/5

4.23(0.62)/5
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Perception Mean (SD)/total
5. Pill box help in gain confident in manage 4.23(0.62)/5
medication
Overall 4.31(0.52)/5

5. Patients satisfaction of using the Thai-intelligent pill box.

The overall patient satisfaction mean score for working function of the Thai-intelligent
pill box was 4.04 out of 5. The satisfaction mean score on reminder function was 4.13
out of 5, medicine container was 3.96 out of 5, durable to use was 4.16 out of 5, simple
to use was 4.16 out of 5 and size and chambers enough to contain all medicine was

3.86 out of 5 (Table 4- 5)

The overall patient satisfaction mean score for body and feature of the Thai-intelligent
pill box was 3.90 out of 5. The satisfaction mean score on beautifully design and
appropriate was 4.26 out of 5, size of the pill box was 4.23 out of 5, reminder sound
was 4.20 out of 5, light of screen was 3.40 out of 5 and color was 3.40 out of 5 (Table
4-5)

Table 4- 5 Patient’s satisfaction of using Thai-intelligent pill box.

Satisfaction Mean (SD)/total
1. Thai-intelligent pill box work function (overall) 4.04(0.46)/5
- Reminder function 4.13(0.68)/5
- Medicine container 3.96(0.66)/5
- Durable to use 4.10(0.60)/5

- Simple to use 4.16(0.64)/5



119

Satisfaction Mean (SD)/total
- Size and chambers enough to contain 3.86(0.62)/5
medicine

2. Thai-intelligent pill box body and feature 3.90(0.58)/5
(overall)

- Design beautiful and appropriate 4.26(0.63)/5

- Size of the pill box 4.23(0.62)/5

- Reminder sound 4.20(0.61)/5

- Screen light 3.40(0.81)/5

- Color 3.40(0.81)/5

The key finding from the trial to incorporate in the design of the Thai-intelligent pill
box from patients included;

1. The glass door lid that protect medicine from weather should be more closed up
to protect medicine from weather.

2. Manual function in Thai should be placed over the press buttons.

3. We uses this phase for find reliability of perception and satisfaction on using
intelligent pill box questionnaire. Cronbach’s alpha was 0.94, reliability was reported
in chapter IIl.

4. Compartment in the pill box also was design for patients who need to take medicine
half of the pill or a quarter of the pill. In the small compartment, the size is fit for

those big pills that were cut into half or quarter.
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4.3 Phase llI
Intelligent pill box to improve medical adherence in elderly with hypertension.
A randomized controlled trial
This phase is the main part of study. To meet objectives of the study, we conducted
a randomized controlled trial to examine the effect of the Thai-intelligent pill box on
improve medical adherence among elderly with hypertension patients. We used result
from phase Il to finalize design and the Thai-intelligent pill box. The final design of the
pill box which we add a close plastic box that found in the market to pill the pill box
that we developed in to protect the pill box and medicine from weather. We add
function manual over the manual buttons and highlight the stop alarm manual with
the reflexional red color for elders to see it clearly. We use color to assist elders to
identify time to take medicine. The orange color is for morning, dark blue for Non, pink
for evening and yellow for before bed time. We remove the inventory design out of
the final design. We add addition knowledge on how to invent of medication supply
at home in the proper way with the materials that available in the community in the
education program to improve medical adherence which provide to both intervention

and control group. The final design of the pill box as shown in the figure 4-3
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Figure 4- 4 Final design of the Thai-intelligent pill box.

This phase we report the result from the randomized controlled trial conducted in
Non Somboon Health Promoting Hospital in Buengkan District. The finding of Phase |l
is reported as following;

Of the 200 elderly hypertension patients,145 (72.5%) female and 55 (27.5%) male were

randomized into this study. Patients in both groups were compared at baseline with
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respect to demographic and clinical characteristics. Statistics found baseline
characteristic were not significantly different between the intervention and control
groups (p-value >0.05). The mean and standard deviation (SD) age of the elderly
hypertension patients was 67.18(5.92) years. Most of patients were female (72.5%).
Most of them are married (76%) and all the patients are literate, most of them had
primary school education (84%). Most work in the agriculture field (66%). Almost half
of them have married partners as care takers when sick (49%). All of them has universal
Health Coverage Service for elderly (100%). Diabetes Mellitus (60.5%) was found to be
most common co-morbidity among elderly patients. The mean baseline BP was 155/90
mmHg Patients have BMI ranging from15.62 to 29.78. The baseline of medication
characteristics was also similar between two groups, many of them (79%) were
diagnosed hypertension from 1-10 years and take one or two medications per day
(94.55%). Most of them poor adherence (90%) to their antihypertension medication

(table 4-6).

Table 4- 6 Baseline comparison on characteristics of the participants (n=200)

Sociodemographic All Intervention Control P-value
characteristics participants group group
(n=200) (n=100) (n=100)

Demographic
characteristic
Age, mean, (SD) 67.28(5.92) 67.49(6.15) 66.88(5.70) 0.468

Gender



Sociodemographic Al Intervention Control P-value
characteristics participants group group
(n=200) (n=100) (n=100)
Female n, (%) 145(72.5) 74 71 0.752
Male 55(27.5) 26 29
Marital status, n,
(%) 48(24) 23 25 0.869
No partner 152(76) 77 75
With married
partner
Education level n,
(%) 168(84) 81 87 0.335
Lower than high 32(16) 19 13
school
High school and
higher
Occupation, n,
(%) 132(66) 62 70 0.296
Agriculture 68(34) 38 30
Another field
include not
working
Type of care taker
(%) 65(32.50) 18 19 0.979
Children 98(49) 50 48
Partner 37(18.50) 32 33
Other
Clinical
characteristic
Co-Morbidity (%)
HT and DM 121(60.50) 58 63 0.563

123



Sociodemographic Al Intervention Control P-value
characteristics participants group group
(n=200) (n=100) (n=100)
HT and other 79(39.50) 42 37
BMI mean, (SD) 24.06(3.04) 23.88(3.06) 24.23(3.02) 0.420

Systolic blood
pressure means,
(SD)

Diastolic blood
pressure means,
(SD)

Medication
characteristic

Number of
medication/day
(%)

1-2 /day

>2 /day
Number of years
being diagnosed
(%)

1-10 years

>10 years

Percentage of
medical
adherence
means, (SD)
Good adherence

Poor adherence

155.28(10.49) 154.51(11.15) 156.05(9.77)  0.300

90.78(5.85) 90.47(6.13)  91.09(5.57)  0.455

189(94.55) 96 93 0.537
11(5.50) a4 7
158(79) 77 81 0.603
42(21) 23 19

53.11(17.17)  53.62(17.49) 52.59(16.92) 0.672
16(10) 10 6 0.537

184(90) 90 94
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SD, Standard deviation, HT, Hypertension, DM, Diabetes Miletus

Medical adherence between intervention and control group.

There was statistic significantly improvement of antihypertension medical adherence
rate in both intervention and control groups at 3 months intervention. Both group,
medical adherence was improved after 3 months intervention (mean difference 18.24
(95% Cl;23.01 to 13.57), p-value <0.001) in intervention group and ( mean difference
15.01 ( 95% Cl; 20.33 to 9.68), p-value <0.001) in control group (table 4.7)

Table 4- 7 Medical adherence for all medication before and after 3 months

intervention within group.

Group Before After Mean 95% (C)*  P-Value
intervention intervention = difference

mean,(SD) mean,(SD) between

Intervention  53.68(17.49) 71.92(16.37) 18.24 23.01 to <0.001*

group 13.57
Control 52.59(16.92) 67.60(18.31) 15.01 20.33to - <0.001*
group 9.68

Significant at p-value <0.05

However, the group of patients that were given intelligent pill box had a greater
improvement in the medical adherence rate than those in the control group after
three months of follow up (mean difference 4.32(95% Cl;-9.17t00.53), p-value
<0.037)(table 4-8).

Table 4- 8 Medical adherence for all medication between intervention and control

group before and after intervention
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Outcome Intervention Control Mean 95% P-Value
group group difference (Ch*
between
(n=100) (n=100)
group

Medical 53.68(17.49)  52.59(16.92) -1.09 -583to 0.648
adherence 3.76
baseline,
mean, (SD)
Medical 71.92(16.37)  67.60(18.31) a.72 0.61to 0.025*
adherence 8.85
3 months
follow
mean, (SD)

Significant at p-value <0.05

Blood pressure at 3 months intervention between intervention and control group
There was no major effect was observed on systolic blood pressure after 3 months
intervention (mean different 2.28 (95% Cl;-1.64 to 6.22), p-value 0.252) while diastolic
blood pressure was observed a significantly change difference between two groups
after 3 months intervention. The mean diastolic blood pressure was 73.22 in
intervention group and 76.69 in control group. The mean difference was 3.78(95%
Cl;1.06-5.86, p-value 0.005) (table 4-9).

Table 4- 9 Comparison of systolic and diastolic Blood pressure before and at 3™

months after intervention between intervention and control group.
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Variables ~ Time Intervention Control Mean 95% P-

group group differ- (Ch* Value

ence
(n=100) (n=100)

Systolic  baseline  154.51 156.05(9.77) 1.54  -1.38to  0.300
BP (11.15) 446
mean, 3 141.27 143.56(14.5 2.28 -1.64to  0.252
(sD) month  (13:58) 9) 6.22
Diastolic  baseline  90.47 91.09(5.57) 0.62 -1.014 to 0.455
BP (6.13) 2.25
mean, 3 73.22 76.69(8.97) 378 106to  0.005
(SD) month (822 5.86 *

Significant at P-value <0.05

When compare the change over time of medical adherence between intervention and

control group, there was no statistical significantly difference between two group at 1%

and month, 2™ month. At month 3 there was statistical significant between

intervention and control group (table 4-10)

Table 4- 10 Change of medical adherence over time from baseline to 3 month

between intervention and control group

Medical Intervention  Control P-value
adherence (n=100) (n=100)
Mean (SD) Mean (SD)
Baseline 53.62(17.49)  52.59 (16.92) 0.672
st
1" month 71.71(18.49) 70.64 (20.34) 0.699




Medical Intervention  Control P-value
adherence  (n=100) (n=100)
Mean (SD) Mean (SD)
d
2“ month 69.04 (18.12)  65.01(19.73) 0.134
d
3r month 71.92(16.37) 67.60 (18.38) 0.018*
P-value <0.001 <0.001
Bonferroni A (p<0.001) A (p<0.001)
post-hoc
analysis
B (p<0.001) B (p<0.001)
C (p<0.001) C (p<0.001)
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Notes : A : baseline versus 1° month; B : Baseline versus 2" month; C : baseline versus

39 month

There was no statistically significant difference in medical adherence between

intervention and control group at month 1%t and 2" post intervention. Finally in month

3" there was statistical significant difference in medical adherence percentage mean

score between intervention and control groups (Figure 4- 4)
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Figure 4- 5 Change of medical adherence baseline, 1°* month, 2" month and 3"

month between intervention and control group.

When compare the change over time of systolic blood pressure between intervention

and control group, there was no statistical significantly difference between two group

at 1°* and month, 2" month and 3™ month post intervention (table 4-11)

Table 4- 11 Change of systolic blood pressure over time from baseline to 3

between intervention and control group

Medical Intervention Control P-value
adherence (n=100) (n=100)
Mean (SD) Mean (SD)

Baseline 154.51 (11.15) 156.05(9.77) 0.300
t
15 month 142.57(11.33) 144.70(10.91) 0.177
nd
2" month 143.29(12.58) 145.62(12.58) 0.146
rd
3" month 141.27(13.58) 143.56(14.59) 0.252
P-value <0.001 <0.001
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Medical Intervention Control P-value
adherence (n=100) (n=100)
Mean (SD) Mean (SD)
Bonferroni A (p < 0.001) A (p < 0.001)
post-hoc
analysis
B (p < 0.001) B (p < 0.001)
C (p < 0.001) C (p < 0.001)

Notes A : baseline versus 1* month; B : Baseline versus 2" month; C : baseline versus
39 month
In each of the groups, the systolic blood pressure was no statistically significant

different between the two groups at month 1%, 2" and 3 (figure 4-5).

Systolic blood pressure over time between control and intervention group
Intervention
and control
group
— Control
— Intervention

160

m
o
1

145

Systolic bloed pressure (mm.Hg.)
9

140

time
Figure 4- 6 Change of systolic blood pressure at baseline, 1% month, 2" month and
39 month

For diastolic blood pressure, there was no statistically significant difference between
intervention and control group at 1** month and 2™ month. Finally, at 3'¥ month there
is statistically significant between group intervention and control group in mean score

of diastolic blood pressure mean score (p-value =0.005) (table 4-12)



Table 4- 12 Change of diastolic blood pressure over time from baseline to 3™

between intervention and control group

Medical Intervention Control P-value
adherence (n=100) (n=100)
Mean (SD) Mean (SD)
Baseline 90.47(6.13) 91.09(5.57) 0.455
t
15 month 82.59(8.01) 83.77(7.46) 0.283
d
2” month 84.27(11.72) 85.56(8.11) 0.367
d *
3r month 73.22(8.22) 76.69(8.97) 0.005
P-value <0.001 P<0.001
Bonferroni post- A (p<0.001)  A(p<0.001)
hoc analysis
B (p<0.001) B (p<0.001)
C(p<0.001) C (p0.001)
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Notes : A : baseline versus 1° month; B : Baseline versus 2" month; C : baseline versus

39 month

In each of the groups, the systolic blood pressure was no statistically significant

different between the two groups at month 1% and 2" Finally in month 3 there was

statistically significant difference between two group (p value 0.005) (figure 4-6).
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Diastolic blood pressure over time between intervention and control group
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Figure 4- 7 Change of diastolic blood pressure at baseline, 1°' month, 2™ month and

3 month

4. Patient perception on using Thai-intelligent pill box.

The overall patient perception mean score for the Thai-intelligent pill box was 4.32
out of 5. Patients has mean score 4.62 out of 5 for helping simplify medication taking.
The score for reminding to take medication was 4.28 out of 5, help in taking correct
dose and time was 4.32 out of 5, help simplify daily life was 4.22 out of 5 and help
gain confident when manage medication was 4.19 out of 5 (Table 4-13)

Table 4- 13 Patient’s perception of using the T- intelligent pill box.

Perception Mean (SD)/total
1. Pill box help in simplify to take medication 4.62(0.63)/5
2. Pill box remind to take medication 4.28(0.60)/5
3. Pill box help in correct dose and time to take 4.32(0.61)/5
medicine
4. Pill box help simplify daily life 4.22(0.57)/5
5. Pill box help in gain confident in manage 4.19(0.56)/5

medication
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Perception Mean (SD)/total

Overall 4.32(0.51)/5

5. Patients satisfaction of using the Thai-intelligent pill box.

The overall patient satisfaction mean score for work function of the Thai-intelligent pill
box was 4.06 out of 5. The satisfaction mean score on reminder function was 4.28 out
of 5, medicine container was 3.88 out of 5, durable to use was 4.13 out of 5, simple
to use was 4.17 out of 5 and size and chambers enough to contain all medicine was

3.88 out of 5 (Table 4-14)

The overall patient satisfaction mean score for body and feature of the Thai-intelligent
pill box was 3.90 out of 5. The satisfaction mean score on beautifully design and
appropriate was 4.27 out of 5, size of the pill box was 4.20 out of 5, reminder sound
was 4.17 out of 5, light of screen was 3.38 out of 5 and color was 3.51 out of 5 (Table
4-14)

Table 4- 14 Patient’s satisfaction of using Thai-intelligent pill box.

Satisfaction Mean (SD)/total
1. Thai-intelligent pill box work function 4.06(0.49)/5
- Reminder function 4.28(0.63)/5
- Medicine container 3.88(0.70)/5
- Durable to use 4.13(0.52)/5
- Simple to use 4.17(0.56)/5
- Size and chambers enough to contain 3.88(0.68)/5

medicine

2. Thai-intelligent pill box body and feature 3.90(0.54)/5



- Design beautiful and appropriate
- Size of the pill box

- Reminder sound

- Screen light

- Color

4.27(0.61)/5
4.20(0.56)/5
4.17(0.56)/5
3.38(0.73)/5

3.51(0.82)/5

Patients recommendations
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At the end of the study, we also asking recommendation and how they fell after using

the Thai-intelligent pill box. The most common recommendation from patients

included;

1. The visible of the Thai-intelligent pill box reminded patients that they need to take

medicine and when the alarm ring it provide an accurate time to take medicine.

2. Color to identify time help in not have to find which medicine to take as patients

only have to remember color of which time of the day to take which medicine.

3. Smaller size of the plastic box that help protect the pill tray from weather should

be fit the medicine tray better.



CHAPTER V

5. DISSCUSION AND CONCLUSION

5.1 Phase |

Regarding elderly patient’s perception on hypertension, participants understand that
it is a chronic long-life disease, but they have little knowledge about hypertension and
treatment. This phase was in line with study conducted in rural China, awareness about
hypertension, treatment and control of hypertension, were low. There is an urgent
need to provide knowledge about hypertension and improve the awareness among
the population in the rural areas (16).

The results showed patients take wrong doses or wrong medicine. A few reasons given
for this were relying on their memory to take the right dosage because they have taken
medicine for a long period of time; also, for patients who are required to take partial
doses, a misunderstanding of cutting the tablets and only taking a portion of what was
cut. Additionally, prescription changes confuse some patients that are used to taking
a medicine of a size and shape when a new prescription is given that is different from
their previous prescription (16,17). Other common reasons among patients for poor
adherence were forgetfulness. When no signs or symptoms, some patients believe
their medicine is no longer required. By not taking their medicine, they believe they
will avoid the potential side effects of the medicine. Our findings are like previous a

qualitative study conducted in Southern Sweden, reason for non-adherence based on
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patients misunderstanding of the condition and general disapproval of medication but
mostly taken to facilitate daily life or minimize adverse side effect of medicine (17).
The interview results are in line with study regarding hypertension treatment where
adherence was found to be better among those patients who are only taking one
medication per day, who never changed their medication regimen and those who
continue visit the same doctor over time (18).

Other studies published similar key risk factors associated with poor adherence
including: lack of a medication administration routine, therapeutic duplication,
hoarding, confusion between generic and trade names, multiple prescribers,
discontinued medication repeats retained and multiple storage locations(18,19).
Forgetfulness, lack of effectiveness, adverse side effects and patient’s general
dissatisfaction with the medicine have also shown to be contributors to adherence
levels (19,20). These studies also align with our proposition that there are several
barriers for good adherence among elderly that need to be addressed (20). In addition,
improved methods to provide accurate education to patients and the community for
their education on the nature of hypertension and its treatment may be helpful to
improving adherence among this group of patients (21,22,23).

There are several published works regarding the management of hypertension at home
among elderly patients. This literature supports the idea that a controlled diet, exercise
and adherence to medication will assist in control of blood pressure. Dietary habits

among elderly in the rural areas in northeast of Thailand found that salty food is a
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common diet habit among people living in these areas (24,25,26). The interview
showed that there is still a lack of information provided to this group of patients as
most of them misunderstand what constitutes a salty diet where they only focus on
salt but no other salt products such as seasoning ingredients that contain high levels
of monosodium glutamate.

From the interviews, many patients indicated that they were influenced by friends or
others in the community to stop taking their medications because the perception is
that taking this medicine over a long period of time could potentially lead to additional
health problems. Therefore, the comprehensive education program for the community
should be implemented. Providing education can’t be the only solution to increase
awareness of hypertension. Continued dialogue at the outpatient clinic for each visit,
home visits by healthcare workers and family-based discussions will contribute to
higher rates of adherence from the patients (25,26).

There are several of studies published regarding the management of medications, but
not how the elderly store their hypertension and other medications at home. From
our findings, results show that the elderly manage their own medication with little
support or without any support from family members. Our findings showed that
management of medication at home by elderly patients need supervision from health
personnel and family to be able to adhere to their medication (27). Similar results but
different in terms of storage. One study reported that one reason of poor adherence

was that patients store their medication in multiple places which causes difficultly to
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find medication which leads to poor adherence. Patients stored their medications in a
single place but with no organization. This lack of organization was a contributor to
taking the wrong medicine or medicine that was past its expiration date. Therefore,
storage and organizing medicine is an urgent need to be addressed as patients continue
taking expired medicine which may cause negative health outcomes. Providing
education to the patients alone is not enough. It needs to be innovative and combined
strategies for monitoring to determine whether the patient is taking their medication
as per the prescription (28).

Regarding design of the intelligent pill box body and feature, both patients and health
care providers recommends include, the small easy to carry around and simple to use
in square shape, white color, simple ring tone with flashing light and loud was also
common recommend. The name of the owner of the box, medication name, dose and
time of medicine taking should be clearly write on the box were the strong recommend
by health care providers. One of the most important key element recommend by
health care providers was the pill box should have feature that can help protect
medicines from weather such as heat, light and humidity.

We conducted qualitative study in a small sample size which may not be generalized
to the wider population. This study conducted among elderly who live in the rural
area with limited education. The results may not be generalized to elderly what live

in the urban areas or patients who are well educated. To generalize to wider
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population, a broader study should be conducted as some issues maybe different in
other segments of elderly population and culture.

Conclusion

This information could be used to propose design of the intelligent pill box. The pill
box should be elderly friendly and simple to use. The finding from this phase will be
incorporate in the develop of the intelligent pill box to improve adherence among
elderly living in the rural areas. Key factors from the finding that should be address
when develop the pill box include; forgetfulness, misunderstanding of the prescription,
configuration that other people can recheck and identify which medicine and pill box
owner, prescription changes and lack of organization of stored medicines. The pill box

should help protect medicines damage from the weather.

5.2 Phase Il

This pilot study was to examine the efficacy of the initial Thai-intelligent pill box in
helping elderly improve their medical adherence to antihypertension medication. The
propose intelligent pill box called Thai-intelligent pill box is design for long term

(storage) and short-term medication storage. The detection of time when to take
medicine was control in the electronic board. The time to take the medicine, designing
to work with the ring tone which will alarm follow the clock that can be set up. The
clock can set for 4 times reminder ring sound that will ring and repeat if patients do
not take medicine or turn the ring off. When the scheduled time for medicine is up,

the system will give the alarm to remind patient to take their medicine. At the same
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time the light on the display screen will flashed. There are 9 compartments in medicine
tray that can contain 9 types of medication. Each of the compartment can contain
medicine from 15 to 30 tablets depend on the table size. Our reminder pillbox can
be called smart or intelligent as it is more functional than existing reminder pillbox
that available which provided alarm system on then the right time to take medication.
It is smart design that design to be elderly friendly as its feature design to suitable for
the need of elderly who have chronic disease and need to take multi medication to
maintain their health status. However, there is still limitation of this pillbox design on
its ability to protect from weather. This limitation should be considered and re design
to finalize the final design of the pillbox.

Experimental result

We measure antihypertension medical adherence before and after two-weeks
implementation and asking patients perception regards the use of the Thai-intelligent
pill box and the satisfaction of patents after use the Thai-intelligent pill box. Result
from our finding show the positive result. There was statistical significant different
between before and after intervention in antihypertension medical adherence. Our
finding consistent with previous study. That person who use pillbox is more likely to
adhere to their medication more than those non user(133). Some previous study
applied the reminder pill box as intervention that also provided positive outcome on
improve adherence among patients this may be due to the reminder pillbox or devices

help in improve medical adherence by remind patient to take medicine and ensure of
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the right dose and schedule. Our pillbox design has an clear glass lid which label dose
and time to take medicine clearly also help patient understand better on which
medicine to take and what dose to take. Our pillbox also has ability and make simplify
when the care taker or health care provider need to recheck if patients taking
medication follow schedule by pill count. The health care provider or care taker can
count pills in each compartment and re check whether patient follow drug prescription
regiment.

However, there was no different change of blood pressure found between before and
intervention. Previous studies recommended that hypertension patients who adhere
to their antihypertension will help in control their blood pressure and lower blood
pressure. A 25 % increase in medical adherence associated with a 1.0 mmHg and 1.2
mmHg reduction in systolic and diastolic blood pressure(12, 134). In our finding there
was no reduction of blood pressure this may be because the main reason is that all
patients participate in the phase of study have diabetes and hypertension; previous
study explained that hypertension patients who has diabetes as comorbidity has
difficulty to control blood pressure and control blood sugar. And for those who has
high blood sugar tend to have difficulty to their uncontrol blood pressure(135).

We found patients perception was positive, overall perception regards experience after
using the Thai-intelligent pill box was positive with mean score 4.53 out of 5. For the
patient’s satisfaction of the Thai-intelligent pill box function was positive with mean

score 4.04 out of 5. And patient’s satisfaction of the body and feature of the pill box
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was 3.90 out of 5. This maybe as the Thai pillbox is new for participants and help in
reminder for them to take medicine which consistent with previously study that using
the reminder pillbox as intervention result show the positive perception and
satisfaction among user as most of the user who use pillbox and select to use based
on the need of the person and demands of personal habits and medical regiments
(133). We design the Thai-intelligent pill box based on patients and health care
providers perception and recommendation which is may be because our pill box
design suitable for their need and their medication regiments which lead to a positive
result in perception and satisfaction.

Conclusion

From the key finding suggested that the design of the Thai-intelligent pill box is
appropriate and friendly use among elderly with hypertension patients. The result
show that using the Thai-intelligent pill box help elderly improve their medical
adherence. This design should be expanded for a bigger scale and examine the effect
of the Thai-intelligent pill box in a bigger sample size with a respective research design.

5.3 Phase llI

The main objective of this phase was to examine the effects of the Thai- intelligent
pill box to improve medication adherence and help in the control of blood pressure
among elderly persons with hypertension in rural area of Thailand. The primary
outcome results from our finding showed that the Thai- intelligent pill box improves

medical adherence rate by approximately 4.32 % at 3 months post intervention. For
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the secondary outcome, we found no statistical significant difference of systolic blood
pressure between two groups. We found diastolic blood pressure was significantly
different in intervention and control group. In intervention group diastolic blood
pressure was reduced 3.78 mmHg which lower than in the control group. However,
while statistical significance was not achieved in the systolic blood pressure in the Thai-
intelligent pill box trial, the data showed a trend of reducing and controlling blood
pressure levels. This result suggests using Thai-intelligent pill box when medical
adherence was improved there is no reduction in systolic blood pressure after three
months post intervention. For diastolic blood pressure, it is more likely to be
controlled when patients adhere to their antihypertension medication. Using Thai-
intelligent pill box to manage elderly antihypertension medication and reminding to
take medication at the right time maybe the reason on lower of diastolic blood
pressure.

Our study results are in line with several previous studies that had used a pill box as
a reminder and organizing medication. Results from using the pill box showed a
positive outcome on medical adherence(136, 137).There were several previous studies
that have focused on improving antihypertension medication adherence among
elderly group by using pill box as intervention. However, the design of the pill box
from each study are different but have similar features and functions (138, 139). The
pill boxes were used to support medication management, used as memory aids, used

as reminder calendar which may help in cognitive effort and support memory.
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Previous studies have shown that patients with hypertension who have good
adherence to their antihypertension medications maintain appropriate blood pressure
levels. Our study is in line with previous studies, where the results showed that patients
who are adherent to antihypertensive medications are 45% more likely to achieve
blood pressure control(140). A 25% increase in medication adherence has also been
associated with a 1.0 millimeter of mercury and a 1.2 millimeter of mercury reduction
in systolic and diastolic blood pressures(37, 141). In our study, systolic blood pressure
was not significantly reduced when compared between intervention and control group,
but diastolic blood pressure was reduced, and the trend showed a decrease of blood
pressure among two groups. There are few studies testing effects of using the reminder
pill box show positive outcomes on improved medical adherence among patients.
However, results show no significant change in blood pressure control. In this our study
when consider the percentage of medical adherence among elderly, the mean of
medical adherence is approximately 70 % when study and world health organization
recommended that for hypertension patients to successful of treatment medical
adherence should reach 80 %. This may also the reason of systolic blood pressure still
remind uncontrol in both intervention and control group. Moreover, attribution of
multiple risk fastors related to high blood pressure. And, adherence to medication
treatment is not the only method for controlling blood pressure. Studies suggest

adherence to hypertension treatment, modification of life style by eating healthy foods
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with low sodium and fat, sufficient fruits and vegetables, regularly physical activity, and
exercise as well as controlling stress will help in controlling blood pressure(142).
Results from our study supported that the Thai- intelligent pill box could improve
medical adherence and use of the Thai-intelligent pill box should be applied to assist
elderly to monitoring and manage other their adherence to other chronic disease
medications. Another point that should be considered is with the growth of the
Internet of Things, this should be added as a feature of the pill box and test its
feasibility with elderly who live in urban areas where internet connectivity is available.
This may be a good opportunity to improve medical adherence among elderly when
using the pill box that can be used as a time reminder, dosages and rechecked when
elderly take wrong medication or wrong dosage. In addition, the ability to send a
message on adherence information to care taker or health care provider can help
elderly to be in good adhere to their medication. While the clinical efficiency of the
pill box is positive, cost analysis is necessary for a greater group of users when
implementing the pill box. The health care provider could apply the intelligent pill
box to the usual program in improve medication adherence among elderly.

In our study, the medication adherence improved in both group when compare before
and after 3 months intervention. This maybe happened because during the
implementation of the study, there was a new strategy and method to provide usual
care to chronic patients in the health promoting hospital and the effect of the

education program to improve medical adherence that we provided in both group of
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study. Before we conducted the study, the usual care of the education program was
provided by the village health volunteer at their home after patients receive
medication from their checked up. During our intervention, the usual care education
on pharmacy and medication was provided to patients by register nurses at the health
facility. This might be the main reason on the improve of medical adherence in the
control group.

Patient perception and satisfaction of using the Thai-intelligent pill box were positive.
The mean score of the perception on using the pill box was 4.62 out of 5. And the
mean score of patient’s satisfaction on the working function was 4.06 out of 5. For the
patient’s satisfactions on the Thai-intelligent pill box body and feature was 3.90 after
using the Thai-intelligent pill box for 3 months. Our finding consistent with other studies
that using pillbox in the intervention to improve medical adherence among chronic
diseases patients. The study evaluated if participants were satisfied with the pillbox. In
our study we assessed elderly patient’s experiences of using the pillbox. Result from
previous study showed that patients who used pillbox found as pillbox is being
helpful(143). However, study recommended that some patients did not use the pillbox
all the intervention period which required the multicomponent intervention consisting
of pharmacist delivered education, and pillbox reminder(144).

Strengths, limitation, and recommendation for further study.

The strength of our study was we identified the rate of medical adherence using pill

count which is recommended for the most accurate way to identify medical
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adherence((145, 146). Another strength was that after 3 months intervention, we
provided high (96%) completed rate of participant complete 3 months period of study.
We had developed the intelligent pill box that was suitable for the needs for elderly
according to their recommendations on the important features of the pill box. This
study has few limitations. The research assistants were not blinded when conducted
pill count. However, the pill count was conducted by three research assistants who
had no relationship with participants and cross checked of the number of pill that
were counted to ensure the number of pills is accurate. We focused only on
antihypertension medication; thus, we did not include medications for other diseases
or other nonprescription in the analyses. Research assistants were unblinded during
data collection at baseline even though they did not have contact with participants
during randomization and after 3 months data collection, they were not blinded to
study arm assignment to data collection which could lead to unconscious bias to data
collection at 3 months. This study was conducted in the rural area with a population
with low education levels. The results may not be generalization to all elderly persons
with hypertension.

Recommendation

This recommendation in this phase of study, we incorporated the finding from phase |
to phase Il and draw the recommendation from all three phases from our finding.
Medication adherence is a complex behavior and multifactor related to non-

adherence. There are two components of non-adherence to medication which include
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intentional non-adherence and unintentional non-adherence. Non-adherence
behavior could be influenced by factors from patients and health care system which
include health care providers and the method on delivery of health education or
message to patients. Patients related factors include unintentional factors, which often
found worsen in those patients who has complex medication regimens which come
from forgetting to take medicine or obtain refills and lack of understanding of dose
and schedules. And intentional factors which come from patient’s decision, beliefs and
perception about their health problem and its treatment. To improve medication
adherence, the comprehensive strategies that address both unintentional and internal
factors related to non-adherence. From our study, we not only develop the Thai-
intelligent pill box to help elderly patients to improve their adherence to
antihypertension, we also develop an education program to improve medical
adherence. The Thai-intelligent pill box only assist in the unintentional non-adherence
however for those intentional non-adherences more work should be focus in the
patient related barriers include lack of engagement in treatment decision. And
provided related factors which include communication between health care providers,
care givers on complex dosage of medication regiments. The more important related
barrier that should be focus was the coordination between the multiple health care
providers in the prescription, refills, clear medication labelling and clear instructions of

how to take medication that provide to patients.
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Our Thai-intelligent pillbox that developed in this study provide a positive effect on
medical adherence improvement and elderly find it useful to help them with their
forgetfulness of when to take medicine. For future study, to evaluate the effect of the
pill box should focus in patients who are non-intentional adherence to medication
regsiment. For the further study, to strengthen the function of the pillbox, internet of
things should be added in feature of the pillbox and conduct trial in the urban
residents that internet access will not be barrier to delivery intervention.

Conclusion

This study demonstrated that the Thai-intelligent pill box improves antihypertension
adherence when compared to usual education program among elderly with
uncontrolled blood pressure in rural area. To improve the reduction of blood pressure
the comprehensive program that include good health behavior among hypertension
patients should be implement and incorporate in the program to improve medical

adherence and control of blood pressure among elderly with hypertension patients.
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Appendix I

In-depth Interview Guide
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Appendix I

Intelligent Pill Box Design Diagrams



3 D diagram of intelligent pillbox

3 D diagram of medicine compartment
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Appendix IV

Program to improve medical adherence teaching plan
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MANUAL ON HOW TO USE THAI-INTELLIGENT PILL BOX
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