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Abstract
Background and Objectives: Diabetes mellitus (DM) is a common serious health problem.
DM is considered the third leading cause of death among chronic diseases in Gaza Strip (PHICMOH, 2015b).

Medication adherence is a key determinant of therapeutic success and

attainment of the required glycemic control. No studies have previously been conducted about
medication adherence among T2DM patients in Gaza. The purpose of this study was to assess
medication adherence and its association with glycemic control among T2DM patients.
Furthermore, this study examined the association between medication adherence and patients’
socio-demographic characteristics, patients' diabetic history and co-morbidities, patients'
medications history and their pattern of anti-diabetic drugs prescribing, patients' care and
education characteristics, patients' diabetes knowledge and patients’ beliefs about medicines.

Methodology: One hundred forty eight T2DM patients from Al-Rimal Martyrs clinic, Gaza
were included in the current cross sectional study.

The study used Morisky eight-item

Medication Adherence Scale (MMAS-8) to assess medication adherence. Last value of HbA1c
test was used to assess glycemic control. Michigan diabetes knowledge test (MDKT) was used
to assess DM-related knowledge. Beliefs about Medicines Questionnaire (BMQ) was used to
assess beliefs about medicines. Patients' medical records were used to collect the patients’
demographic and clinical information.

Chi-square test, Binary logistic regression test,

Multivariate logistic regression and Odds ratio (OR) at 95% confidence interval were used to
examine the relationship between medication non-adherence and different variables.

Results: Five patients (3.3%) were classified as high adherents, while (65, 43.9%) of patients
were medium adherents and (78, 52.7%) of patients were low adherents according to MMAS-8.
The mean adherence score for patients was 5.5± 1.4. Sixty five (43.92%) patients were good
glycemic controlled (HbA1c ≤ 7). The majority of patients (64.2%) had low level of knowledge
about DM (MDKT scores < 7). The mean score of MDKT was 7.02 ± 1.67. Patients were
strongly endorsed that their anti-diabetic medications were necessary for their current and future
health (mean score in specific-necessity scale was 17.8 ± 3.62). Patients had medium concerns
about the adverse consequences of taking anti-diabetic medications on regular basis (mean score
in specific-concerns scale was 12.4 ± 3.63).

Patients had medium negative views about

medicines as a whole and a tendency to see medicines as fundamentally harmful and addictive
poisons (mean score in general-harm scale was 12.5 ± 3.50). Patients had medium negative
views about the way in which medicines were prescribed and belief that medicines were
iii

overused by physicians (mean score in general-overuse scale was 12.3 ± 2.79). There was a
significant association between medication non-adherence and poor glycemic control (P-value<
0.001). Factors significantly associated with medication non-adherence were unmarried status (P
value = 0.012), diet non-compliance status (P value = 0.003), patients' negative beliefs about
medicines as a whole (P value = 0.05) and getting education about DM (P value = 0.011).

Conclusion: Most patients in this study were medication non-adherents and poor glycemic
controlled.

Moreover, Medication non-adherence was significantly associated with poor

glycemic control. Raising awareness of patients about medication adherence and improving
communication with health care professionals could improve adherence level.

Key words: medication adherence, T2DM, glycemic control.
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الملخص باللغة العربية
الخلفية واألهداف :يعتبر داء السكري معضمة صحية شائعة وخطيرة ,إذ يعتبر المسبب الثالث لموفاة ضمن األمراض المزمنة

في قطاع غزة .ويعد االنضباط الدوائي محدد رئيسي لمنجاح العالجي والحصول عمي ضبط غموكوز الدم المطموب لمرضي
السكري .لم يتم إجراء أي دراسات في السابق حول االنضباط الدوائي لمرضي السكري النمط الثاني في غزة .لذا تيدف ىذه

الدراسة إلي استقصاء مدى االنضباط الدوائي وعالقتو بضبط غموكوز الدم عند مرضي السكري النمط الثاني .عالوة عمي

ذلك  ,ىذه الدراسة بحثت عالقة عدم االنضباط الدوائي مع الخصائص االجتماعية والديمغرافية لممرضي ,التاريخ المرضي,
التاريخ العالجي وأنماط األدوية الموصوفة المعالجة لداء السكري ,الرعاية والتعميم المقدمين لممرضي ,المعرفة حول داء
السكري والمعتقدات حول األدوية لدييم.
المنهجية :شممت الدراسة المقطعية الحالية مائة وثمانية وأربعون من مرضي داء السكري النمط الثاني في عيادة شيداء الرمال

الصحية بغزة .استخدمت الدراسة مقياس موريسكي ذي البنود الثمانية الستقصاء مدي االنضباط الدوائي ,أحدث قيمو الختبار

خضاب الدم السكري لتقييم ضبط غموكوز الدم ,اختبار ميشجن لتقييم المعرفة عن داء السكري ,واختبار المعتقدات حول األدوية

لتقييم المعتقدات حول األدوية .إضافة إلي ذلك فقد استٌخدمت سجالت المرضي الطبية لمحصول عمي بعض معمومات
المرضي الديموغرافية والسريرية .وقد تم استخدام تحميل مربع كاي ,االنحدار الخطي الثنائي ,واالنحدار الخطي المتعدد ,ونسبة
االرجحية عند فترة الثقة  %95الختبار العالقة ما بين عدم االنضباط الدوائي والمتغيرات المختمفة.
النتائج :وضحت الدراسة أن خمسة من المرضي ( (3.3%كان لدييم مستوي مرتفع من االنضباط ,بينما ) )65, 43.9%من

المرضي لدييم مستوي متوسط و) (78, 52.7%من المرضي لدييم مستوي منخفض من االنضباط حسب مقياس موريسكي

ذي البنود الثمانية .كما كان متوسط االنضباط الدوائي ضعيف ( .(5.5±1.4خمس وستون مريض ( (43.92%كان لدييم
ضبط جيد لغموكوز الدم ) .(HbA1c ≤ 7غالبية المرضي ) (64.2%كان لدييم مستوي منخفض من المعرفة بداء السكري

) .(MDKT scores < 7حيث كان متوسط نتيجة اختبار ميشجن لتقييم المعرفة عن داء السكري  .7.02 ± 1.67وقد أكد
المرضي عمي أىمية األدوية المعالجة لداء السكري لصحتيم حاليا ومستقبال (متوسط الدرجة لمقياس الضرورات الخاصة 17.8
 .)± 3.62وقد كان لدي المرضي مخاوف متوسطة من اآلثار الجانبية لتناول األدوية المعالجة لداء السكري بشكل منتظم
(متوسط الدرجة لمقياس المخاوف الخاصة  .(12.4 ± 3.63كما كان لدي المرضي بشكل متوسط آراء سمبية حول األدوية

ككل ،والميل إلى رؤية األدوية باألساس عمى أنيا سموم ضارة وتؤدي لمتعود (متوسط الدرجة لمقياس اإلفراط العام 12.5 ±
 .)3.50كذلك كان لدي المرضي بشكل متوسط آراء سمبية حول الطريقة التي وصفت بيا األدوية واالعتقاد بأن األطباء
يفرطون في صرف األدوية (متوسط الدرجة لمقياس الضرر العام  .(12.3 ± 2.79تبين من الدراسة أنو يوجد عالقة مابين
عدم االنضباط الدوائي و ضعف ضبط غموكوز الدم ).(P-value< 0.001

وقد كانت العوامل التي ليا عالقة بعدم

االنضباط الدوائي ىي وضعية عدم الزواج ) ,(P value = 0.012عدم االلتزام بالحمية الغذائية ),(P value = 0.003
المعتقدات السمبية حول األدوية ككل ) ,(P value = 0.05الحصول عمي تعميم حول داء السكري ).(P value = 0.011
الخاتمة :في ىذه الدراسة كان معظم المرضي غير منضبطين دوائياً ولدييم ضعف في ضبط غموكوز الدم .وقد وجدت عالقة

بين عدم االنضباط الدوائي وضعف ضبط غموكوز الدم .رفع وعي المرضي حول االنضباط الدوائي وتحسين التواصل مع
أخصائي الرعاية الصحية من الممكن أن يحسن مستوي االنضباط.
الكلمات الدليلية :االنضباط الدوائي ,داء السكري النمظ الثاني ,ضبظ غلوكوز الدم.
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Chapter 1
Introduction
Diabetes mellitus (DM) is a common chronic metabolic disorder that affects nearly 8.8% of total
world population (International Diabetes Federation [IDF], 2015b). The prevalence of DM in
Palestine increases every year and it became one of the main leading cause of morbidity and
mortality (Imseeh et al., 2013; Sweileh et al., 2014). This makes DM a particularly alarming
health problem there. DM results in serious medical and economic consequences if it left
uncontrolled. Unfortunately no reliable data about treatment outcomes of DM are available from
Middle East in general and from Palestine in particular (Husseini, 2009). Optimal glycemic
control can reduce morbidity and mortality associated with DM (American Diabetes
Association [ADA], 2016a). Achievement of optimal glycemic control depends on rational use
of available anti-diabetic regimen, good adherence to prescribed treatments and successful selfmanagement (Yusuff & Joseph, 2008). Therefore, medication adherence is a key determinant
of therapeutic success in patients with DM. This study was intended to assess medication
adherence among T2DM patients and its association with glycemic control. In addition, it
examined the association between medication adherence and patients‘ socio-demographic
characteristics, patients' diabetic history and co-morbidities, patients' medications history and
their pattern of anti-diabetic drugs prescribing, T2DM patients' care and education
characteristics, patients' diabetes knowledge and patients‘ beliefs about medicines.

1.1 Problem statement

Evidence shows that the prevalence of DM in Palestine increases dramatically over the last
years. This is associated with increased risk of complications, rate of morbidity, mortality and
health care expenditure. Patients, therefore need to improve their control over DM and its
complica-tions.

Medication adherence has critical role in the determination of therapeutic

outcomes and is considered a key factor in achieving therapeutic success. Therefore, a need to
investigate this problem in our country exists.

1.2 Significance of the study

Many studies have documented that medication adherence is critical to achieve optimal glycemic
control and subsequently manage DM and prevent its complications. However, studies related to
medication adherence in general and among diabetic patients in particular are very limited in
1

Palestine. Accordingly, the importance of this study emerged from the fact that it is the first of
its kind in Gaza, Palestine to assess not only medication adherence but also its association with
glycemic control among T2DM patients.

Furthermore, it examined a number of factors

associated with non-adherence. This study overcomes other previous related studies in Palestine
by obtaining data about glycosylated hemoglobin (HbA1c) levels which is an indicative of the
level of medication adherence among patients. This study may be helpful for health policy
makers in Palestine to implement strategies to reduce medication non-adherence and
subsequently reduce DM complications. This could ultimately lead to more favorable clinical
outcomes and savings of health care costs.

1.3 Aim and Objectives of the Study

1.3.1 Aim of the study

The aim of this study was to assess the medication adherence and its association with glycemic
control among T2DM patients in Gaza, Palestine.

1.3.2 Objectives of the study

1. To determine the rate of medication adherence among T2DM patients.
2. To determine rate of glycemic control among T2DM patients.
3. To study the association between medication adherence and glycemic control.
4. To assess patients' knowledge about DM.
5. To assess patients' beliefs toward medicines.
6. To examine the association between medication adherence and:
a. Patients‘ diabetes knowledge.
b. Patients‘ beliefs about medicines.
c. Patients‘ socio-demographic characteristics.
d. Patients' diabetic history and co-morbidities.
e. Patients‘ medications history.
f. Pattern of anti-diabetic drugs prescribing.
g. T2DM patients' care and education characteristics.

2

Chapter 2
Literature Review
2.1. Diabetes mellitus

2.1.1. Definition

DM is a chronic disease caused by inherited and/or acquired deficiency in production of insulin
by the pancreas, or by the ineffectiveness of the insulin produced. Such a deficiency results in
increased concentrations of glucose in the blood (WHO, 2017). The chronic hyperglycemia of
DM is associated with long-term damage, dysfunction and failure of target organs especially the
eyes, kidneys, nerves, heart and blood vessels (ADA, 2014).

2.1.2 Types of DM

DM is classified into four main types: type 1 (T1DM), type 2 (T2DM), gestational diabetes
mellitus (GDM) and others. Other specific types of DM were also identified, this includes:
genetic defects of islet ß-cell function, genetic defects of insulin action, diseases of the exocrine
pancreas, endocrinopathies, drug or chemical- induced DM, uncommon forms of immunemediated DM and other genetic syndromes sometimes associated with DM (ADA, 2014; World
Health Organization[WHO], 2002).

2.1.2.1 Type 1 DM
T1DM develops as a result of pancreatic β-cell destruction. T1DM is classified into type 1A
(autoimmune) DM and type 1B (idiopathic) DM. T1DM, however, is usually mediated by an
autoimmune reaction (Atkinson, et al. 2014; Kerner & Brückel, 2014). Reasons for developpment of T1DM are still unclear but may be due to changes in environmental risk factors and/or
viral infections (IDF, 2015b). The onset of T1DM primarily occurs suddenly during childhood
or young adulthood. T1DM has symptoms such as: abnormal thirst, dry mouth, frequent
urination, lack of energy, extreme tiredness, constant hungry, sudden weight loss and blurred
vision (IDF, 2015b). People with T1DM depend mainly on daily exogenous insulin treatment to
survive (Kerner & Brückel, 2014) and on alternatives as the islet transplantation and new
immunosuppressive regimens (Devendra et al., 2004). Regular blood glucose monitoring and
maintenance of a healthy diet and lifestyle is also needed (IDF, 2015b).
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2.1.2.2 Type 2 DM

T2DM is caused by insulin insensitivity or insulin resistance combined with a failure of insulin
secretion to overcome this by hypersecretion.

T2DM results in relative insulin deficiency

(WHO, 2002). The exact causes for the development of T2DM are still unknown. Multiple
defects, however, contribute to the development and progression of T2DM. These include:
decrease incretin effect in the GI tract, increase lipolysis, increase glucose re-absorption by the
kidneys, decrease glucose uptake, neurotransmitter dysfunction in the brain and central nervous
system, increase hepatic glucose production, increase glucagon secretion by pancreatic α-cells,
impaired insulin secretion by pancreatic β cells. These multiple defects have been referred to as
the ―ominous octet‖ (Figure 2.1) (DeFronzo et al., 2014).

Figure 2.1 The ominous octet. Multiple defects contribute to the development of T2DM
(DeFronzo, 2009).

There are several important risk factors, however, for developing T2DM. This includes: old age
(≥ 45 years), overweight (body mass index (BMI) between 25 to 30 kg/m2), obesity (BMI ≥ 30
kg/m2), family history of DM, history of GDM, delivery of babies > 4.5 kg, impaired glucose
metabolism, hypertension, dyslipidemia, physical inactivity, strong genetic predisposition and
race/ethnicity. African Americans, Hispanics/Latinos, American Indians, some Asians, and
native Hawaiians or other Pacific Islanders are at particularly high risk for T2DM and its
complications (ADA, 2015a; Centers for Diseases Control and Prevention [CDCP], 2014;
WHO, 2002).
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The onset of T2DM is commonly regarded to be in middle age or later, but recently there has
been an increase in children and young people affected by T2DM (Seino et al., 2010). Many
people with T2DMmay remain undiagnosed for many years because the hyperglycemia
developed gradually and at earlier stages is often not severe enough for the patient to notice any
of the classic symptoms of DM (ADA, 2010). However, during this time the body is already
being damaged by excess blood glucose. As a result, many people already have evidence of
complications when they are diagnosed with T2DM. Most T2DM patients do not require daily
insulin treatment to survive in contrast to T1DM patients. Yet, they need insulin if blood glucose
levels continue to raise despite the use anti-hyperglycemic drugs (ADA, 2016a).

2.1.2.3 Gestational diabetes mellitus (GDM)

GDM is defined as any degree of glucose intolerance with onset or first recognition during
pregnancy (ADA, 2016b).

The pathogenesis of GDM is similar to that of T2DM.

The

pancreatic β-cell dysfunction and/or chronic insulin resistance are the primary metabolic changes
in GDM. Insulin resistance occurs when placental hormones (i.e. progesterone, prolactin and
cortisol) reduce the effectiveness of insulin action and subsequently increase transplacentar
nutrient transport for the developing fetus which promote growth. While, in a normal pregnancy,
the body tries to maintain balance by increasing insulin secretion (Brătilă et al., 2016).

GDM complicates the pregnancy by increasing the risk for both the mother and the fetus (WHO,
2002). GDM is associated with maternal morbidity as hypertension, pre-eclampsia, caesarean
section and infection; and fetal morbidity as macro-somia, birth trauma, hypoglycemia,
hypocalcaemia, hypomagnesaemia, hyperbilirubinemia, respiratory distress syndrome and
polycythemia (Erem et al., 2015).

The most reported risk factors for GDM are: older reproductive age (> 40 years), overweight or
obesity, high parity, family history of DM, previous history of GDM, a history of stillbirth or
giving birth to an infant with congenital abnormality, previous caesarean section and excess
glucose in urine during pregnancy (Erem et al., 2015; WHO, 2016). Treatment may include:
life style changes by consuming healthy diet, regular physical activity and blood glucose
monitoring. The patient may need insulin, but the use of anti-hyperglycemic drugs is not advised
(WHO, 2002).
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2.1.3 Complications of DM

DM is associated with both acute complications and chronic complications. Acute complications
include hypoglycemic coma and hyperglycemic coma. Hyperglycemic coma arise from
diabetic ketoacidisis (DKA), hyperglycemic hyperosmolar state (HHS), Lacto-acidosis (LA)
(Rewers, 2016).

While, chronic complications include both micro-vascular (nephropathy,

retinopathy and neuropathy) and macro-vascular complications (ischemic heart disease (IHD)),
stroke and peripheral vascular disease (PVD)) (Tabák et al., 2012). Moreover, DM patients
experience a reduced quality of life and increased levels of emotional distress (Rubin & Peyrot,
1999).

The major cause of these complications is poor glycemic control (ADA, 2015a). Maintaining
blood glucose levels, blood pressure, and cholesterol at or close to normal can help delay or
prevent DM complications (IDF, 2015a). Therefore, people with DM need regular monitoring
(IDF, 2015a).

The overall risk of dying among people with DM is at least double the risk of their peers without
DM (Roglic et al., 2005). DM accounts for 14.5% of global all-cause mortality. Approximately
half the deaths (46.6%) are due to DM in people under the age of 60 and in women (IDF,
2015b). DM is a major leading cause of death among Palestinians, occupying the fifth rank and
tenth rank as leading causes of death in West Bank and Gaza strip, respectively. It is responsible
for 6.8% of causes of deaths in West Bank and 2.8 % of causes of deaths in Gaza strip
(Palestinian Health Information Center – Ministry of Health [PHIC-MOH], 2015c; PHICMOH, 2015b).

2.1.4 Epidemiology of DM
The prevalence of DM among adults is estimated at 8.5%; affecting 422 million adults aged 2079 in 2014 (WHO, 2016). By 2040 this figure is expected to rise to 642 million. On the other
hand, prevalence of impaired glucose tolerance (pre-diabetic state) is 6.7% affecting 318 million
in 2015. This is estimated to reach 7.8% (481 million) by 2040 (IDF, 2015b).

In the Middle East and North Africa regions, approximately 9.1% (35.4 million adult) are living
with DM and over 40.6% of these are undiagnosed.
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The prevalence rate of DM among Palestinians in the West Bank is 1,457 per 100,000 of
population (PHIC-MOH, 2015c); where in Gaza strip it is 1,540 per 100,000 of Population
(PHIC-MOH, 2015a).

2.1.5 Diagnostic Criteria for DM

The diagnosis of DM has been based on plasma glucose criteria, either the fasting plasma
glucose (FPG), the 75-g oral glucose tolerance test (OGTT) or the HbA1c criteria (ADA, 2016b).
According to the American Diabetes Association (2016b), there are now these possible ways to
diagnose DM:


Fasting plasma glucose (FPG) test, also known as the fasting blood glucose test (FBG)
test, is used for diagnosis of DM. FPG test is the most common used test because it is
more convenient than other tests and less expensive. The patient should have no caloric
intake for at least 8h. prior to the test. Levels ≥ 126 mg/dl (7.0 mmol/l) means that
patient has DM. While in a patient with classic symptoms of hyperglycemia or
hyperglycemic crisis, random plasma glucose ≥ 200 mg/dL (11.1 mmol/L) is sufficient to
consider patient has DM (WHO, 2016).



Oral Glucose Tolerance test (OGTT): the OGTT should be performed as described by
the WHO reference. This is by using a glucose load containing the equivalent of 75 g
anhydrous glucose dissolved in water. Levels of 2-h plasma glucose ≥ 200 mg/dl (11.1
mmol/l) means that patient has DM (WHO, 2016).



HbA1c test: the test is used as an indicator of glycemic control. HbA1c is a measure of
the amount of glucose attached to hemoglobin (Hb) in red blood cells. The higher the
glucose levels over the previous 2-3 months, the higher the HbA1c (Gallagher et al.,
2009). However, false HbA1c values may be result from some conditions which affecting
Hb turnover and HbA1c assay such as: haemoglobinopathies, hemolytic anemia, severe
blood loss, splenomegaly, splenectomy, iron deficiency anaemia, renal failure,
haemolysis, red cell transfusion, aplastic anemia, vitamins C and E, high dose of
salicylates and opiate addiction, chronic alcoholism, uremia, hyperbilirubinemia,
hypertriglyceridemia (Ahmad & Rafat, 2013). HbA1c test should be performed in a
laboratory using a method that is certified by the National Glycohemoglobin
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Standardization Program (NGSP) and standardized to the Diabetes Control and
Complications Trial reference (DCCT) assay. A value of 6.5% is the cut point for
diagnosing DM. However, an HbA1c less than 6.5% does not exclude DM diagnosed
using other glucose tests (WHO, 2011).

The HbA1c test has several advantages

compared with the FPG and OGTT. This includes greater convenience (fasting not
required), greater pre-analytical stability and less day-to-day perturbations during stress
and illness. However, these advantages may be offset by the lower sensitivity of HbA1c
at the designated cut point, greater cost, limited availability of HbA1c testing in certain
regions of the developing world and the imperfect correlation between HbA1c and
average glucose in certain individuals (ADA, 2016b).

Unless there is a clear clinical diagnosis, the diagnostic test should be confirmed by repeating a
test without delay. Some individuals have glucose levels that do not meet criteria for DM, but
present higher levels than those considered normal (Nathan et al., 2007). This status is called
pre-diabetes or intermediate hyperglycemia. Pre-diabetes is the term used for individuals with
impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) and indicates an increased risk for the future development of DM (ADA, 2016b).

2.1.6 Management of DM

Management of DM is a complex and lifelong process. This requires a great deal of effort on the
part of the patient more than on any health care provider, to reach successful management
(Lindenmeyer et al., 2006). DM self-management includes adherence to healthy diet, physical
activity, self-monitoring of blood sugar, DM medications and behavioral management (ADA,
2004).

2.1.6.1 Diet

Diet management is an integral component of DM management. All individuals with DM
should receive individualized diet management. Registered dietitian is preferred to provide this
diet management (Nautiyal & Nautiyal, 2014).

The aims of diet management are to attain individualized glycemic, blood pressure and lipid
goals, achieve and maintain bodyweight goals and delay or prevent complications of DM (ADA,
2015a).
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Diet management should address individual nutrition needs based on personal and cultural
preferences and maintain the pleasure of eating by providing positive messages about food
choices. It should provide DM patients with practical tools for day-to-day meal planning rather
than focusing on individual macronutrients, micronutrients or single food.

American Diabetes Association (2015) states the following nutrition recommendations for DM
patients:


Macronutrient distribution for DM patients based on individualized assessment of current
eating patterns, preferences and metabolic goals.



Carbohydrates intake from vegetables, fruits, whole grains, legumes and dairy products is
recommended over intake from other carbohydrate sources.



Substituting low glycemic-load foods for higher glycemic-load foods may modestly
improve glycemic control.



Limit or avoid intake of sugar-sweetened beverages to reduce risk for weight gain and
worsening of cardio-metabolic risk profile.



Evidence supports that ingestion of protein will increase insulin response, without increasings plasma glucose concentrations. Therefore, carbohydrate sources high in protein
should not be used to treat or prevent hypoglycemia.



Evidence supports benefits for DM patients from increasing consumption of foods containing long-chain omega-3 fatty acids (EPA and DHA) such as fatty fish and omega-3
linolenic acid (ALA).

Generally, a DM diet is actually a healthy diet for the whole people not only DM patients. But
DM patients need more for balancing of DM medicines with the type, timing and amount of food
eaten (Nautiyal & Nautiyal, 2014).

2.1.6.2 Physical activity

Physical activity is any exercise that uses large amount of energy over a certain period of time.
Practicing regular physical activity in DM patients results in increased sensitivity of cells to the
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action of insulin, lowers the levels of fat such as cholesterol and triglycerides in the blood,
reduces weight and helps to cope better with stress and work out frustrations (Nautiyal &
Nautiyal, 2014). This significantly reduces HbA1c levels and reduces risk of long-term
cardiovascular outcomes or mortality (Deshpande et al., 2005).

There is no special physical activity for DM patients. DM patients should practice any physical
activity based on their lifestyle interests and physical abilities. The best time for physical
activity is 2 hours after a meal. Physical activity should be started with 10-12 min. duration then
can be gradually increased (Nautiyal & Nautiyal, 2014). Adults should do at least 150 min of
physical activity per week. Moreover, they should interrupting prolonged sitting with 15 min of
post meal walking and with 3 min of light walking every 30 min could improve glycemic control
(CDCP, 2015; Colberg, et al., 2016).

2.1.6.3 Self-monitoring of blood glucose

Self-monitoring of blood glucose (SMBG) is an important tool in DM management. SMBG provides immediate information about the effect of food choices, physical activity and medication
on glycemic control (Parkin & Davidson, 2009).

SMBG uses glucometer to perform numbers of glucose tests. Patients measure their blood
glucose level by putting a drop of blood onto a disposable test strip that the glucometer reads.
The glucometer displays the glycaemia level in units of mg/dl or mmol/l (Clar et al., 2010). The
results are recorded in a logbook or stored in the glucose meter‘s electronic memory (Benjamin,
2002).

SMBG detects wide oscillations in the levels of glycaemia which are an independent risk factor
for diabetic complications. Furthermore, SMBG is considered as educational tool by enabling
DM patients to adapt their lifestyle more effectively to obtain better glycemic control. SMBG is
considered as therapeutic tool by preventing acute complications such as hypoglycemia. As well
as alerting the patient when specialist help and support are needed (Durán et al., 2010).

Frequency of SMBG varies from patient to patient. T1DM patient should monitor blood glucose
at least four times a day, most commonly fasting, before meals and before bed. For T2DM
patient uses a stable oral regimen with HbA1c concentration within the target range, infrequent
SMBG monitoring is appropriate. However,T2DM patient uses insulin should perform SMBG
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at least four times per week, including at least two fasting and two postprandial values
(Benjamin, 2002).

SMBG has some drawbacks which reduce its use: SMBG causes pain or discomfort in patients
when obtaining the blood sample. SMBG strips are expensive. Moreover, anxiety and fear in
patients may develop when undesired results of high blood glucose levels are noticed (Clar et
al., 2010).

2.1.6.4 DM medications

DM medications have a major role in the management of DM and reaching glycemic goal. In
general, the most recent glycemic goal recommended by the American Diabetes Association and
European Association for the Study of Diabetes (EASD) is an HbA1c level of < 7% (53
mmol/mol) (ADA, 2016a; Inzucchi, 2012). The choice of glycemic goal and the medications
used to achieve it must be individualized for each patient. This can be done by balancing the
potential for lowering HbA1c and anticipated long-term benefit with specific safety issues. Other
characteristics of the regimen that include side effects, tolerability, ease of use, long-term
adherence, expense and the non-glycemic effects of the medications should also be taken in
consideration (Nathan et al., 2009).

In general, pharmacological management of DM involves the administration of oral anti-diabetic
medications and/or insulin (ADA, 2016a).

2.1.6.4.1 Anti-hyperglycemic agents

Oral anti- hyperglycemic agents include: Sulfonylureas (SUs), Biguanides, Thiazolidinediones
(TZD), Meglitinides (Glinides), Alpha-glycosidase inhibitors, Glucagon-like peptide 1(GLP-1)
analogues, Dipeptidyl peptidase IV inhibitors (DPP-4 I), Sodium-glucose co-transporter 2
inhibitors (SGLT2) and Amylin analog (Table 2.1) (Dardano et al., 2014).

Pharmacological therapy, usually with anti-hyperglycemic agents, should be added if lifestyle
efforts alone do not achieve glycemic goals. Monotherapy with Metformin is the preferred
initial pharmacological choice for T2DM patients. Metformin is effective, safe, inexpensive and
able to reduce the risk of cardio-vascular events and death (ADA, 2016a).
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Combination therapy is used when HbA1c target is not achieved after approximately three months of using OHG mono-therapy. Combination therapy usually uses combination of metformin
and one of other OHG treatment options or insulin. Choice of pharmacological agents is based
on patient preferences, patient disease and drug characteristics (ADA, 2016a).
Table 2.1 Oral anti-diabetic agents used in the management of T2DM patients.

Anti-hyperglycemic agents
category
First-generation sulphonylureas
-

Chlorpropamide

Mechanism of action

Closes glucose

Stimulate production and

independent KATP

release of insulin.

channels on β-cell
Second generation sulfonylureas
-

Glyburide

-

Glibenclamide

-

Glipizide

-

Gliclazide

-

Glimepiride

Physiological action(s)

plasma membranes.

Increase peripheral glucose
utilization.
Decrease hepatic
gluconeogenesis.
Increase the number and
sensitivity of insulin receptors.

Biguanides
-

Metformin

Activates AMP-kinase

Decreases hepatic glucose

signaling.

production.
Improve peripheral insulin
resistance.

Thiazolidinediones

Activates the nuclear

Improve peripheral insulin

-

Rosiglitazone

transcription factor

sensitivity by increasing

-

Pioglitazone

PPAR-γ (peroxisome

peripheral adipose tissue

proliferation

lipogenesis and reducing

activated receptor-

hepatic fat content and hepatic

gamma).

glucose production.

Closes partially glucose

Increase insulin secretion.

Meglitinide
-

Repaglinide

dependent KATP

-

Nateglinide

channels on b-cell
plasma membranes.
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Inhibits intestinal

Slows intestinal carbohydrate

Alpha-glucosidase.

digestion/absorption.

GLP-1 agonist (Glucagon-like

Activates GLP-1

Increase insulin secretion.

Peptide-1 agonist)

receptors.

Decrease glucagon secretion.

Alpha glycosidase inhibitors
-

Acarbose

-

Miglitol

-

Exenatide

(glucose dependent).

-

Liraglutide

Slows gastric emptying.

-

Albiglutide

Increase satiety.

-

Lixisenatide

-

Dulaglutide

DPP-4 Inhibitors (Dipeptidyl

Inhibits DPP-4 activity

Increase insulin secretion.

peptidase-4 inhibitors)

which result in

Decrease glucagon secretion.

-

Sitagliptin

increasing

-

Vildagliptin

concentrations of both

-

Saxagliptin

(GLP-1, GIP).

-

Linagliptin

-

Alogliptin

Sodium–Glucose Cotransporter

Inhibit SGLT2 in the

Blocks glucose reabsorption

2 Inhibitors

proximal nephron.

by the kidney, increasing

-

Canagliflozin

-

Dapagliflozin

-

Empagliflozin

Amylin analog
-

Pramlintide

glucosuria.

Activates amylin
receptors.

Decrease glucagon secretion
Slows gastric emptying.
Increase satiety.



Biguanides

Metformin is the only available biguanide in most of the world. Metformin is extensively
used as first-line therapy in T2DM patients. Metformin is preferable to insulin in GDM
patients if it suffices to control hyperglycemia. However, metformin may slightly incre-
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ase the risk of prematurity and its use lack evidence of long-term safety in the offspring
(ADA, 2016b; Manolopoulos et al., 2011).

Metformin decreases hepatic glucose production by activating AMP-kinase. This results
in lowering fast glycaemia and improving insulin sensitivity by increasing peripheral
glucose uptake and utilization. Metformin can be used with all other DM therapies
including insulin (Manolopoulos et al., 2011). Some physicians are starting to utilize
metformin in an off-label manner to decrease weight in overweight or obese patients,
however the reduction in weight was gradual and occurred over a 1-2 year period. Even
then, the average weight loss was only 4-7 pounds (one pound ~ 0.453592 kilogram)
(Diabetes Prevention Program Research Group, 2012; Hendricks, 2017). Metformin
decreases lipids and cardiovascular disease (CVD) events without the risk of
hypoglycemia. However, metformin has disadvantages of gastrointestinal side effects
(diarrhea, abdominal cramping) and the deficiency of vitamin B12 (Reinehr, 2013).


Sulfonylureas

Sulfonylureas were the first oral glucose lowering medications to be introduced into
clinical practice (Kalra et al., 2015). Sulfonylureas are effective only in patients who
have a reserve of beta cells. Sulfonylureas stimulate the production and the release of
insulin (Manolopoulos et al., 2011). Sulfonylureas also increase peripheral glucose
utilization, decrease hepatic gluconeogenesis and may increase the number and
sensitivity of insulin receptors. The most important adverse effects associated with the
use of sulphonylureas are hypoglycemia and weight gain. Sulfonylureas act by causing
glucose independent binding to KATP channels on the pancreatic beta cell membranes.
The sulphonylureas are classified as first and second generation agents. The first generation sulfonylureas include: chlorpropamide which no longer appears to have a place in
therapy.

The second generation sulfonylureas include glyburide or glibenclamide,

gliclazide, glipizide and glimepiride. The different sulphonylureas are equally effective
in lowering blood glucose levels but they have different pharmacokinetic and safety
profiles. The second generation has an improved safety and tolerability profile (Kalra et
al., 2015; Mkele, 2013).
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Sulphonylureas are usually used as mono-therapy in patients who are intolerant to
metformin or in combination with metformin, basal insulin, a GLP-1 agonist, or a DPP-4
inhibitor (Mkele, 2013).

The choice of suitable sulfonylurea is determined by its side-effects and the duration of
action as well as the patient‘s age and renal function. Sulphonylureas should be avoided
where possible in severe hepatic and renal impairment and in porphyria (Sarkar et al.,
2011).


Thiazolidinediones

Thiazolidinediones or glitazones (Rosiglitazone and Pioglitazone) are peroxisomeproliferator-activated receptor-γ (PPAR-γ) agonists. Thiazolidinediones improve insulin
sensitivity of muscles, fat and liver to exogenous insulin and also reduce hepatic glucose
production (Dardano et al., 2014; Ismail-Beigi, 2012).
associated with hypoglycemia.

Thiazolidinediones are not

However, thiazolidinedione are associated with an

increased risk of bone fractures (Douglas et al., 2009). Moreover, Rosiglitazone is
associated with increased risk of heart attacks in some patients (Ismail-Beigi, 2012)
while using of pioglitazone is associated with increased risk of bladder cancer
(Chatterjee & Davies, 2015).


Meglitinides

Meglitinides (glinides) are short-acting insulin secretagogues. Meglitinides target the
progressive loss of early phase prandial insulin secretion. Meglitinides are used as an
alternative to SU therapy for patients with irregular meal times or late post-prandial
hypoglycemia with traditional SU therapy. Meglitinides bind adenosine triphosphate
(ATP)-dependent potassium channels on the β-cell membrane in a similar manner to
sulfonylureas but have a weaker binding affinity and faster dissociation. This increases
the concentration of intracellular potassium, which causes the electric potential over the
membrane to become more positive. This depolarization resulting in the opening of
calcium channels, increased calcium influx and insulin secretion. The currently approved
drugs in this class include repaglinide, nateglinide and mitiglinide. Hypoglycemia is the
most commonly reported adverse event with glinide use, especially Repaglinide (Buhse,
2016; Stein et al., 2013).
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α- Glycosidase Inhibitors
α-Glycosidase inhibitors specifically target postprandial hyperglycemia. This is by
inhibiting intestinal α-glycosidase which results in slowing intestinal carbohydrate digestion and absorption (Dardano, et al., 2014). α-Glycosidase inhibitors include acarbose
and miglitol. α-Glycosidase inhibitors are associated with gastrointestinal side effects
(flatulence, diarrhea and abdominal discomfort) due to mal-absorption. This can be
overcomed by starting with a very low dose (Ismail-Beigi, 2012).



Glucagon-like Peptide-1receptor Agonists (GLP-1–receptor agonists)

GLP-1–receptor agonists are also referred to as incretin mimetic drugs. his group
includes exenatide, liraglutide, albiglutide, lixisenatide and dulaglutide (Dardano et al.,
2014). GLP-1 agonists activate the GLP-1 receptors on the beta cells of the pancreas.
This stimulates glucose mediated insulin secretion and suppresses glucagon secretion.
Other effects include delayed gastric emptying and appetite suppression. GLP-1 agonists
are not associated with hypoglycemia, but they may cause gastrointestinal side effects
(nausea, vomiting and diarrhea) and acute pancreatitis (ADA, 2016a).

Therefore,

healthcare professionals should monitor for signs of pancreatitis in patients using these
agents (Figure 2.2) (Prasad-Reddy & Isaacs, 2015).

Figure 2.2 Mechanism of Action of GLP-1 (Neumiller & Campbell, 2009).
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DPP-4 inhibitors (Gliptins)

Dipeptidyl peptidase 4 (DPP-4) inhibitors block degradation of DPP-4 enzyme. This results in increased concentrations of both glucagon-like polypeptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP). This leads to an increase in insulin
secretion as well as a reduction in glucagon secretion, hepatic glucose production and
glucose uptake from the stomach and promote satiety. The currently approved drugs in
this class include sitagliptin, vildagliptin, saxagliptin, linagliptin, alogliptin (Stein et al.,
2013).

DPP-4 inhibitors adverse effects include Angioedema/urticaria and other

immune-mediated dermatological effects (Figure 2.3) (ADA, 2016a).

Figure 2.3 Mechanism of Action of DPP-4 inhibitors (Neumiller et al., 2008).


Sodium–Glucose Co-transporter 2 inhibitors

Sodium–Glucose Co-transporter 2 (SGLT2) inhibitors are a new class of glucose
lowering drugs. The action of SGLT2 inhibitors is independent of insulin. SGLT2
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inhibitors work by inhibiting the SGLT2 in the proximal tubule of the kidney, thereby
reducing 90% of glucose reabsorption. SGLT2 inhibitors include: canagliflozin, dapagliflozin and empagliflozin.

SGLT2 inhibitors increase the risk of genital mycotic

infections, urinary tract infections, transient increase in creatinine, and diabetic
ketoacidosis (DKA) (ADA, 2016a; Neumiller, 2010).


Amylin analog

Amylin, also known as islet amyloid polypeptide (IAPP), is a 37 amino acid, in which it
is normally co-secreted with insulin from the β-cells of the pancreas. Amylin to insulin
in healthy β-cells are maintained at an ~ 1:100 ratio. While the highest reported ratio in
disease is 1:20 (Knight et al., 2008; Lerner, 2006).

Pramlintide is a subcutaneous injectable synthetic analog of human amylin. Pramlintide
decreases post-prandial glucose by lowering inappropriate post meal glucagon secretion,
slowing gastric emptying and increasing satiety. This induces weight loss and lowers
insulin dose.

Pramlintide is indicated for patients with T1DM or T2DM who use

mealtime insulin but have been unable to achieve desired glucose targets. This is despite
optimal insulin therapy with or without a concurrent sulfonylurea agent and/or metformin
(Traina & Kane, 2011). A major side effect of pramlintide is nausea and vomiting due
to a possible excitation of the area postrema in the medulla oblongata (Adeghate &
Kalász, 2011).

2.1.6.4.2 Insulin

Management of T1DM patients depends mainly on insulin therapy. Patients with T1DM usually
use multiple doses of basal and prandial insulin injections per day. Doses of insulin should
match to carbohydrate intake, premeal blood glucose and anticipated physical activity (ADA,
2016a).

Management of many of T2DM patients will eventually require insulin therapy. This is due to
the natural history of T2DM which is characterized by a progressive decline in β-cell mass and
function (ADA, 2016a; Dardano et al., 2014). In T2DM patients, insulin should be part of any
combination regimen when hyperglycemia is sever. This is when blood glucose is ≥300-350
mg/dL (16.7–19.4 mmol/L) and/or HbA1c is ≥10–12% (86–108 mmol/mol) (ADA, 2016a).
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In GDM patients, insulin is first-line pharmacological agent recommended. It is used to reduce
risk of macrosomia, birth complications and risk of maternal DM after pregnancy. Frequent
titration of insulin is needed to match changing requirements during pregnancy. In the first
trimester, there is a decrease in total daily insulin requirements. In the second trimester, a rapid
increase in insulin resistance occurs. This requires weekly or biweekly increases in insulin dose
to achieve glycemic targets. In the late third trimester, however, there is a leveling off or small
decrease in insulin requirements (ADA, 2016b).

Insulin delivery depends on using syringes, continuous subcutaneous insulin infusion (CSII) and
insulin pens. Use of syringes is the most common method. CSII, also referred to as an insulin
pump system, is designed to provide a continuous supply of insulin infusion around the clock.
Insulin pump can be individualized and adjusted as per the specific needs of the patient. The use
of an insulin pump is superior to multi-dose insulin injections because it is easier to use and
therefore provides the patient with more flexibility. Insulin pump therapy is expensive compared
to the use of traditional syringes and vials. Insulin pen devices have more portability, dosing
accuracy, mealtime flexibility and convenience of delivery versus vials and syringes. Insulin
pens also increase patient's preference, treatment satisfaction and quality of life. Two types of
insulin pen are available: prefilled disposable pens (insulin cartridges) and refillable pens (Azad
et al., 2013; Pearson, 2010).

Insulin is mostly injected into the subcutaneous tissue of the upper arm, the anterior and lateral
aspects of the thigh, buttocks and abdomen. Rotation of the injection site is important to prevent
lipohypertrophy or lipoatrophy. Rotating within one area is recommended rather than rotating to
a different area with each injection. This practice may decrease variability in absorption from
day to day. The abdomen has the fastest rate of absorption, followed by the arms, thighs and
buttocks. Exercise increases the rate of absorption from injection sites by increasing blood flow
to the skin (ADA, 2004).

Different formulations of insulin with different onsets of action, peak effects and durations of
action have been developed to meet specific needs of patients (Ahmad, 2014). Insulin is
categorized as basal or bolus insulin based on their pharmacokinetic profiles (Table 2.2) (Joshi
& Joshi, 2009; Mayfield & White, 2004).
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1- Basal insulin

Basal insulin provides a constant level of insulin that controls hepatic plasma glucose production on a diurnal basis. This mimics the continuous pancreatic insulin secretion that controls the
fasting and the pre-prandial glycemic secretion. Basal insulins include: Neutral Protamine
Hagedorn (NPH), Glargine and Detemir (Joshi & Joshi, 2009). Basal insulin alone is used as
initial insulin regimen in both T1DM and T2DM patients. Basal insulin is usually prescribed in
conjunction with metformin and possibly one additional OHG agent (Mayfield & White, 2004).
In T2DM patients, if basal insulin fails in achieving HbA1c target, T2DM patient may need
advancing to combination with other anti-diabetic therapy. This is to cover postprandial glucose
excursions (Mayfield & White, 2004).


Neutral Protamine Hagedorn (NPH) insulin

NPH or isophane insulin is an intermediate-acting insulin. NPH has a slow movement in
the blood stream and a longer duration of action than regular insulin. NPH insulin has
side effects especially with higher doses such as early morning hypoglycemia and fasting
hyper-glycemic episodes (Ahmad, 2014; Joshi & Joshi, 2009).


Insulin glargine

Insulin glargine is a long-acting insulin. It characterized by a delay in the onset of action
as well as a steady release over a 24-hour period without any pronounced peak. Thus,
one injection per 24-hour period is sufficient to maintain basal insulin requirements for
the day. Glargine cannot be mixed with other forms of insulin because it is in an acid
solution. This would alter the absorption kinetics of those insulins (Joshi & Joshi,
2009).


Insulin detemir

Insulin detemir is a long acting insulin analogue which has duration of activity up to 24 h.
Insulin detemir has an onset of action around 2 h. It reaches a peak of action from6-8 h
(Levy, 2007). As compared with insulin glargine, insulin detemir has a shorter time
action profile. This necessitates twice-daily injections in T1DM patients (Hirsch, 2005).
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2- Bolus insulin (pre-meal or prandial insulin)

Bolus insulin attempts to provide a delicate balance between tight glycemic control and avoidance of hypo glycaemia. This is by combining insulins with different kinetic properties. Bolus
insulin gives patients flexibility in that adjustments can be made to accommodate varying meal
times and/or meal proportions. Bolus insulin includes regular or short acting insulin and rapidacting insulin analogues (Joshi & Joshi, 2009).


Regular or short acting insulin

Regular or short acting insulin has an onset of action of around 0.5-1 h. and duration of
activity of 6-10 h. It reaches a peak of action from 1-5 h post injection. Regular insulin
should be injected into the body 20-30 min before meal. This is to allow adequate
absorption of the soluble insulin to peak in time with the anticipated glycemic rise post
meals (Ahmad, 2014; Joshi & Joshi, 2009; Levy, 2007).


Rapid-acting insulin analogues

Rapid-acting insulin analogue has rapid onset of action (15-30 min.) and short duration of
activity (4 to 5 h). It reaches a peak of action from 30-90 min. post injection. Examples
of rapid acting insulin include lispro, aspart, glulisine and inhaled insulin. These rapid
acting analogs are preferred to use at mealtime (prandial injections) to achieve optimum
level of insulin released after eating. Doses are usually adjusted to match anticipated
carbohydrate intake. The rapidity of action is useful in situations where rapid reduction
of glycaemia is required like as in diabetic ketoacidosis or post-acute myocardial
infarction (ADA, 2016a; Ahmad, 2014; Joshi & Joshi, 2009).

3- Premixed Insulins

Premixed insulins are available in a variety of fixed-dose combinations of basal and prandial
insulin , so called biphasic insulin. Therefore, premixed insulins meet the needs of patients who
require both basal and prandial insulin but wish to limit the number of daily injections (Garber,
2006; Garber et al., 2007).

Premixed insulin formulations include: conventional (older)

biphasic human insulin 70/30 or 50/50 that contained NPH and regular human insulin (RHI) as
the basal and prandial components, respectively. Newer premixed human analogues include:
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biphasic insulin aspart 70/30 which contains 70% insulin aspart protamine suspension and 30%
insulin aspart; insulin lispro mix 75/25 which contains 75% insulin lispro protamine suspension
and 25% insulin lispro; and insulin lispro 50/50, which contains equal proportions of the same
(Garber et al., 2007; Levy, 2007).
Table 2.2 Onset, peak, and duration of action for different insulin preparations.

Type of insulin

Onset (h)

Time to peak (h)

Duration of action (h)

1-2

6-14

16-24

1.1

2-20

Up to 24

0.8-2

6-8

Up to 24

0.5 - 1

1-5

6 - 10

Basal insulin


Neutral protamine
Hagedorn (NPH)



Glargine



Detemir

Bolus insulin


Regular short acting
insulin

Rapid acting analogues


Lispro

0.25-0.5

0.5-2.5

3-6.5



Aspart

0.17-0.33

1-3

3-5



Glulisine

0.25

0.5-1.5

5.3



Inhaled insulin

0.17-0.33

0.5-1.5

Approx. 6

0.5

1.5-12

Up to 24

0.17-0.33

1-4

Up to 24
Approx. 22

Premixes (human)


NPH/RHI 70/30 or
50/50

Premixes (analogs)
 Biphasic insulin
aspart 70/30


Insulin lispro 75/25

0.25-0.5

≤2



Insulin lispro 50/50

0.25-0.5

0.5-1.5
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Approx. 22

2.1.6.5 Behavioral Management
Behavioral management of DM leads to better health outcomes.

Behavioral management

include whether DM patients are implementing a new treatment regimen task, getting to an
appointment or attempting to reduce distress associated with having DM. Behaviors common to
DM patients include remembering and administering a medication, calculating doses based on
available information and data, talking with others about diabetes, taking supplies and being
prepared for unexpected events, and making appointments and ordering supplies. The degree to
which Behavioral Management is applied in the daily life of patients depends on knowledge,
past experiences, feelings and beliefs of patients. Therefore, any behavioral interventions should
include intensive diabetes education, good access to care, and psychosocial support, including
treatment of psychiatric disorders, lower the risk of hypoglycemia (Hood et al., 2015; Rewers,
2016).

2.1.7 Glycemic Control

Glycemic control means achieving good glucose control after following up suitable management
plan of DM (Brown et al., 2016). Glycemic control is assessed by patient self-monitoring of
blood glucose (SMBG) and glycosylated hemoglobin (HbA1c) (ADA, 2016a).
Glycosylated hemoglobin (HbA1c) is a useful index for measuring glycemic control
(Noureddine et al., 2014). Glycosylated haemoglobin (HbA1c) reflects the status of glycemic
control over the previous three months. Glycemic status is categorized as good glycemic control
if HbA1c ≤ 7% and poor glycemic control if HbA1c >7% (ADA, 2015b). Elevated HbA1c is
associated with higher rates of morbidity and mortality (Noureddine et al., 2014). Glycemic
control remains the major therapeutic objective for prevention of target organ damage and other
complications arising from DM (Khattab et al., 2010). For better glycemic control, American
Diabetes Association recommends performing the HbA1c test at least twice a year in patients
who have stable glycemic control and quarterly in patients whose therapy has changed or who
are not meeting glycemic goals (ADA, 2016b).

Glycosylated hemoglobin (HbA1c) test is subject to certain limitations. Some medical conditions may yield falsely low HbA1c value regardless of assay method used such as: conditions that
shorten erythrocyte survival or decrease mean erythrocyte age (e.g., acute blood loss, hemolytic
anemia).

Vitamins C and E are reported to falsely lower HbA1c test results, possibly by

inhibiting Hb-glycation. Hypertriglyceridemia, hyperbilirubinemia, uremia, chronic alcoholism,
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chronic ingestion of salicylates and opiate addiction reportedly interfere with some HbA1c assay
methods and falsely increasing results (Sacks et al., 2011).

Glycemic control is best evaluated by the combination of results from SMBG and HbA1c (ADA,
2016a). HbA1c test does not completely represent the daily risks that DM patients are exposed.
Moreover, HbA1c test alone does not indicate the degree of glycemic variability especially in
patients prone to glycemic variability as T1DM or T2DM with severe insulin deficiency (Dailey,
2007). Yet, HbA1c test confirms the accuracy of the patient‘s reported SMBG results and the
adequacy of the SMBG testing schedule.

Self-monitoring of blood glucose (SMBG) provides a real-time measure of blood glucose levels
and consequently represents a valuable adjunct to the periodic determination of HbA1c values.
SMBG provides patients with instant feedback about the effects of food choices, exercise, stress
and medications on their glycemic control (Parkin & Davidson, 2009).

Increasing the daily frequency of SMBG for patients on intensive insulin regimens who use
multiple-dose of insulin or insulin pump therapy is significantly associated with lower HbA1c
values. Therefore, SMBG is important especially for insulin-treated patients to monitor for and
prevent asymptomatic hypoglycemia and hyperglycemia (ADA, 2016a). On the other hand, it
was found that increasing the daily frequency of SMBG for patients using basal insulin or oral
regimens is inversely correlated with glycemic control. Therefore, SMBG alone does not lower
blood glucose levels. To be useful, the SMBG information must be integrated into clinical and
self-management plans (ADA, 2016a).
2.2 Medication adherence

2.2.1 Definition
Adherence, as used in chronic disorders, was defined by the WHO as ―The extent to which a
person‘s behavior-taking medication, following a diet and/or executing lifestyle changes corresponds with agreed recommendations from a health care provider‖ (WHO, 2003).
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2.2.2 Medication adherence versus medication compliance and medication persistence

Adherence, compliance and persistence are terms used to define the extent to which a patient conforms to the prescribed medication. Medication adherence is the preferred terminology substituting for the older term (compliance) (García-Pérez, et al, 2013; Mac-laughlin et al, 2005).
Compliance is a term that is often used synonymously with adherence and is usually measured as
the administered doses as a proportion of the prescribed doses over a period of time. Compliance
differs slightly from adherence in that it does not require the patient‘s agreement to the recommendations. This suggests that the patient is passively following the doctor‘s orders and that the
treatment plan is not based on a therapeutic alliance or contract established between the patient
and the physician. That‘s why adherence is preferred by many health care providers (GarcíaPérez, et al, 2013; Steiner & Earnest, 2000). While, medication persistence is usually defined
as the duration of time that a patient continues treatment as a proportion of the prescribed
duration (García-Pérez, et al, 2013).

2.2.3 Medication adherence assessment

Assessment of medication adherence is important to clinicians and researchers. Assessment of
medication adherence ensures effective and efficient treatment planning and ensures that changes
in health outcomes can be attributed to the recommended regimen (WHO, 2003). There is very
little guidance for healthcare professionals to choose the most suitable adherence assessment
method. Selection of a method to assess medication adherence is based on individual attributes,
goals of the study and the clinical setting (Lam & Fresco, 2015).

Methods of measurements of medication adherence are classified by the WHO as subjective and
objective measurements (WHO, 2003). On the other hand, Osterberg & Blaschke (2005)
classified them as direct and indirect. Each method has advantages and disadvantages; no
method is considered the gold standard (Jimmy & Jose, 2011).

2.2.3.1 Subjective measurements
Subjective measurements depend on provider‘s or patient‘s evaluation of their medication
adherence behavior. Subjective measurements are self-report measures. These measures include
questionnaires, interviews, online assessments and diaries. Patients self-report is a widely used
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method. This is because of its low cost and ease of implementation across a large variety of
medication regimens (Lam & Fresco, 2015; Stirratt et al., 2015).

Subjective measurements may have poor sensitivity and specificity. This may occur due to false
data input by patients, whether purposefully or accidently (Vermeire et al., 2001). As well as,
negativity in questions by blaming the patients for not fulfilling their prescribed regimen.
Patient‘s psychological state can also impact on their response (Lam & Fresco, 2015).

Among the simple and the most commonly used self-reporting medication adherence measures is
the 8-item Morisky Medication Adherence Scale (MMAS-8).
reported, medication-taking behavior scale.

MMAS-8 is a generic self-

MMAS-8 is the latest version of the scale

(Appendix 1). The MMAS-8 has been used widely for several different diseases including DM,
hypertension, schizophrenia and epilepsy and among different cultural groups (Ashur et al.,
2015b; Morisky et al., 2008).

The original English-language MMAS-8 is a reliable and valid tool. Several versions of the
scale in different languages have been psychometrically evaluated.

All of these translated

versions showed acceptable levels of reliability and validity. The Arabic version of MMAS-8
displayed satisfactory reliability and validity as a self-administered medication adherence
measure for patients with T2DM. This finding supports its use in clinical settings with Arabspeaking populations to meet the needs for research and clinical practice in those countries
which have been facing a high burden of DM (Ashur et al., 2015b).

2.2.3.2 Objective measurements

Objective measurements include pill counts, examining rate of refilling prescription or using
electronic medication event monitoring systems (Brown & Bussell, 2011). Objective measures
are superior to subjective measures in easy access to data, accuracy and easy to perform them.
Moreover, objective measures are used to validate and correlate the subjective measures (Lam &
Fresco, 2015).

Pill count method is counting the number of dosage units that have been taken between two
scheduled appointments or clinic visits. This number will then be compared with the total
number of units received by the patient to calculate the adherence ratio (Lam & Fresco, 2015).
Pill count method attracts many investigators due to its low cost, simplicity and empiric nature.
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This method, however, is subjected to many Problems: First, patients can switch medicines
between bottles and/or may discard pills before visits. This is to appear as follower of the
regimen. Second, this method does not provide information about adherence to dose timing.
This is important in determining clinical outcomes (Osterberg & Blaschke, 2005). Third, this
method is not applied in non-discrete dosages or Pro re nata (prn) medication (Lam & Fresco,
2015).

Rate of refilling prescription method is used in medical systems with electronic medical records.
This gives objective information on rates of refilling prescriptions (Osterberg & Blaschke,
2005). Moreover, this method is able to assess multidrug adherence and to identify patients at
risk for treatment failure.

This method does not give many clues concerning the barriers

involved in the detected non-adherence in terms of individual patient (Lam & Fresco, 2015).

Medication event monitoring system (MEMS) records the time and the date when a medication is
removed from container. MEMS gives precise and detailed insights into the patients‘ behavior
in taking medication. MEMS, however, does not document whether the patient actually ingested
the correct drug or correct dose. For example, patients may open a container without taking the
medication, or they may take the wrong amount of medication. Moreover, they may place the
medication into another container or take multiple doses out of the container at the same time
(Osterberg & Blaschke, 2005).

On the other hand, MEMS device expense precludes its

widespread use (WHO, 2003). Electronic Medication Packaging (EMP) is the most commonly
used device in MEMS (Lam & Fresco, 2015).

2.2.3.3 Direct measurements

Direct measures include measurement of the drug or its metabolite concentration in body fluids
such as blood or urine, detection of a biologic marker given with the drug and direct observation
of patient‘s medication-taking behavior (Lam & Fresco, 2015). These measures are considered
the most accurate medication adherence measures (Vermeire et al., 2001). They can be used as
a physical evidence to prove that the patient has taken the medication (Lam & Fresco, 2015).

Direct methods, however, are expensive, difficult to perform and susceptible to distortion by the
patient (Osterberg & Blaschke, 2005). Moreover, direct methods are practical only in singledose therapy, intermittent administration and hospitalized patients (Vermeire et al., 2001).
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2.2.3.4 Indirect measurements
Indirect methods include pill counts, patient‘s self-reporting, using electronic medication
monitors, measuring physiologic markers, assessing patient‘s clinical response and ascertaining
rates of refilling prescriptions (Osterberg & Blaschke, 2005).

Indirect methods are relatively easy to use but they are susceptible to misrepresentation by a
patient which can result in overestimating the patient‘s adherence by the health care provider
(Osterberg & Blaschke, 2005).

2.2.4 Factors affecting medication adherence

Factors that affect medication adherence can be grouped into several categories: patient-related
factors, therapy-related factors, healthcare system factors, social and economic factors and
disease factor (Figure 2.4) (Jin et al., 2008).

Patient

Disease

Medication Adherence

Therapy

Health Care System

Social and Economic Factors

Figure 2.4 Factors affecting medication adherence (WHO, 2003).

2.2.4.1 Patient-related factors
This includes the patient‘s age, ethnicity, gender, education and marital status (Jin et al., 2008).
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2.2.4.1.1 Age

Based on the available evidence, the effect of age on medication adherence is still unclear. Some
studies found that elderly people (>55years) are less adherent to medication than younger
patients (Benner et al., 2002; Balbay et al., 2005). This is due to cognitive challenges as
memory problems or coping skills and physical challenges such as impaired hearing and/or
vision (Bubalo et al., 2010).

This can usually lead to difficulties in following therapy

instructions, such as opening drug containers, handling small tablets, distinguishing colors, or
identifying markings on drugs (Jin et al., 2008).

To the contrary, Jin et al. (2008) in their review about factors affecting therapeutic compliance
from the patient‘s perspective showed that medication adherence increases with increased age.
This is because elderly people may have more concern about their health than younger patients
and their non-adherence is non-intentional in most cases. Middle-aged patients (40-54 years old)
and young patients (< 40 years old) on the other hand, have more commitments in their daily
life; and they may not be able to attend to treatment, or spend a long time waiting for clinic
appointment. Thus, patients in these two age ranges have low medication adherence level.

Adolescents and very young children were shown to have low medication adherence level.
Adolescents in this age period are often marked by rebellious behavior. They try to assert their
independence and their rights to live a normal life like their surroundings. This results in failure
to take medications correctly (Bubalo et al., 2010). Very young children need more help from
their parents or guardians to implement treatment. Therefore, medication non-adherence may be
affected by factors related to their parents like lack in parents‘ understanding on how to
implement treatment (Jin et al., 2008).

2.2.4.1.2 Ethnicity

According to studies in the USA and European countries, African-Americans, Hispanics and
other minorities are less medication adherent in comparison with Caucasians. This may be due
to their language barriers or socio-economic status of the minority races in the studied countries.
Thus, ethnicity may not be a correct predictive factor of adherence (Jin et al, 2008).
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2.2.4.1.3 Gender

Effect of gender on the medication adherence is contradicted. Females were found by some researchers to have better adherence. This is because of their higher sensitivity to illnesses and their
higher interest and concern for health (Kamran et al., 2014; Lertmaharit et al., 2005).
Moreover, females are more willing to seek medical advice.

Some researchers suggested

otherwise. Gender may not be a good predictor of non-adherence because of the inconsistent
conclusions (Jin et al, 2008).

2.2.4.1.4 Educational level

Studies investigating the impact of education level on adherence are controversial. Some studies
found that patients with higher educational level might have higher adherence (Ghods & Nasrollahzadeh, 2003; Yavuz et al., 2004), while others found no association (Kaona et al 2004;
Wai et al 2005). On the other hand, some studies show that adherence becomes worse with
increased educational level (Kyngas & Lahdenpera, 1999; Senior, et al., 2004).

2.2.4.1.5 Marital status

Married patients are more adherent to medication than single patients. This is because the help
and support from a spouse (Jin et al, 2008).
2.2.4.1.6 Patient’s believes about medicines
Patient‘s believes may influence patient‘s medication adherence. Some believes may increase
adherence. Of these: patients feeling of susceptibility to the illness or its complication, patient‘s
believes that the illness or its complications could pose severe consequences for his/her health
and patient's believes that the therapy will be effective (Bubalo et al., 2010; Jin et al, 2008). To
the contrary, patient‘s worries about the treatment, patient‘s believes that the disease is uncontrollable and religious believes (like believes that disease is God‘s will and uncontrollable or inbred
fears and supernatural beliefs) might contribute to a decrease in medication adherence (Gatti et
al., 2009; Jin et al, 2008).
There are many instruments available to explore patients‘ beliefs toward medicines.

For

example: Hyperlipidemia Attitudes and Beliefs in Treatment (HABIT) and the Beliefs about
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Medication Compliance Scale (BMCS). However, the most commonly used is the Belief about
Medicines Questionnaire (BMQ) (Alhalaiqa et al., 2015).

The BMQ is a validated 18-item instrument (Appendix 2). It consists of two sections: the
BMQ-Specific section and the BMQ-General section. The two sections of BMQ can be used in
combination or separately (Horne et al., 1999). The Arabic version of the original BMQ is
valid, reliable and appropriate to be used in an Arabic community. This is important especially
when patients‘ concerns, beliefs and attitudes are the most reported reasons for patients‘ nonadherence as in the Middle Eastern countries (Alhalaiqa et al., 2015).
2.2.4.1.7 Patient’s social supports

Patients who had emotional support and help from family members, friends or healthcare
providers are more likely to be adherent to the treatment (Voils et al., 2005). The social support
helps patients in reducing negative attitudes to treatment, having motivation and remembering to
implement the treatment as well (Jin et al, 2008).

2.2.4.1.8 Patient-prescriber relationship
Patient-prescriber relationship is considered as a strong factor that affects patients‘ adherence.
Patients who get emotional support from physician and treated as equal partner (Lawson et al.,
2005; Moore et al., 2004) will be more adherent to medication. On the other hand, some
physicians‘ behaviors decrease patient trust in physician like: seldom eye contact with patients,
spending too little time and asking few questions. This negatively affect patients‘ medication
adherence (Manmohan et al., 2012).

2.2.4.1.9 Health literacy

Health literacy is the extent to which a patient can read, understand, remember medication
instructions, and act on health information (Bubalo et al., 2010). High health literacy positively
affects patients‘ adherence (Butterworth et al., 2004). Therefore, using written instructions and
pictograms on medicines labels are effective in improving patients‘ adherence (Jin et al, 2008).
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2.2.4.1.10 Patient knowledge
Ponnusankar et al. (2004) show that patient‘s knowledge about his/her disease and treatment is
not always adequate and this is associated with poor medication adherence. Some patients
believe that their need for medications is intermittent. Therefore, some patients stop the drug to
see whether medication was still needed or not (Ponnusankar et al., 2004). Other patients lack
knowledge about the disease, the role their therapies play in the treatment and consequences of
poor medication adherence and/or lack understanding of the value of clinic visits (Alm-Roijer et
al., 2004; Lawson et al., 2005). Therefore, patients‘ education about their disease state and
general comprehension of medications is expected to enhance medication adherence (Rubin,
2005).

The assessment of DM related knowledge is considered an important component in the overall
assessment of DM patients (Fitzgerald et al., 1998). This is because better knowledge about
DM and its medications is associated with better medication adherence and glycemic control
(Al-Qazaz et al., 2011). Moreover, good DM knowledge is associated with greater likelihood to
perform self-care activities such as: following a healthy diet, self-measurement of blood glucose
and regular exercise (Persell et al., 2004). In other words, DM knowledge is a prerequisite for
planning effective DM management (Tawalbeh & Gharaibeh, 2014).

Among the few valid, reliable and easy to use knowledge scales available, Michigan Diabetes
knowledge Test (MDKT) is used to assess the level of DM knowledge (Appendix 3). MDKT
was developed by the Michigan Diabetes Research and Training Center (MDRTC) in 1990.
MDKT was tested for reliability and validity by Fitzgerald et al. (1998). The Arabic version of
MDKT also displayed its reliability and validity (Al Qahtani et al., 2016). MDKT represents a
test of general knowledge of DM. MDKT is self-administered, short, inexpensive and easily
interpreted by a health professional (Fitzgerald et al., 1998).
MDKT is designed to assess DM patients‘ general understanding of DM with respect to diet,
exercise, blood glucose monitoring, foot care, DM complications, proper insulin usage, adverse
effects of insulin and factors that influence blood glucose levels (Fitzgerald, et al.,1998).
Moreover, MDKT is used to provide feedback to DM patients about areas where additional
information is needed. MDKT creates opportunities for teachable moments by review of its
correct and incorrect items (Fitzgerald et al., 1998).
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2.2.4.1.11 Forgetfulness

Forgetfulness is a reported factor that causes non-adherence with medication or clinic appointments (Ponnusankar et al., 2004; Wai et al., 2005). There are effective tools to remind the
patient to take drugs like: meal frequency and written instructions beside oral advice (Jin et al,
2008).

2.2.4.2 Therapy-related factors

Different therapy-related factors may affect medication adherence such as: route of administration, adverse drug reactions, duration of treatment period, taste of medicines, requirement for
drug storage and treatment complexity (Jin et al, 2008).

2.2.4.2.1 Route of administration

Medications with a convenient way of administration (e.g. oral medication) are likely to make
patients more adherent (Jin et al, 2008).

2.2.4.2.2 Treatment complexity

Treatment complexity refers to the number of dosing times every day of all prescribed medications (Iskedjian et al., 2002). It has been reported that an increase in the complexity of the
treatment will result in a decrease in medication adherence (Jin et al, 2008). Thus, simplifying
the medication dosing frequency by using fixed-dose combination pills and unit-of-use
packaging could improve adherence (Connor et al., 2004).

2.2.4.2.3 Adverse drug reactions

Adverse drug reactions result in physical discomfort and increase skepticism about the efficacy
of the medication. This leads to a decrease in patients‘ trust in physician and a subsequent
decrease in medication adherence level (Jin et al, 2008).
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2.2.4.3 Social & Economic Factors

Social and economic factors include: time commitment, cost of therapy, income and social
support.

2.2.4.3.1 Time commitment

Medication adherence is enhanced by patients' commitment with clinic appointment. This is
supported by a shorter

traveling time between patient's residence and healthcare facilities

(Gonzalez et al., 2005) and patients ability to take time off work for treatment (Lawson et al.,
2005).

2.2.4.3.2 Cost of therapy and income
Cost is an important factor in patient‘s adherence especially for patients with chronic disease as
the treatment period could be life-long (Ponnusankar et al., 2004). Patients with low income
(Mishra et al., 2005) or without health insurance cover (Choi-Kwon et al., 2005) are less
adherent to treatment. Thus, health care providers should be aware of patient‘s economic status
and help them using more cost-effective medications (Jin et al., 2008).

2.2.4.4 Health Care System

Availability and accessibility are the main factors identified related to healthcare system. Lack
of accessibility to healthcare, long waiting time for clinic visits, difficulty in getting prescriptions
filled and unhappy or unsatisfied clinic visits, all contribute to poor medication adherence (Jin et
al., 2008).

2.2.4.5 Disease factors

Absence of observed symptoms of disease especially at the initial phase results in poor medication adherence (Vlasnik et al., 2005). This may be explained by the patients‘ desire to live
normal life like other healthy people. On the other hand, marked improvement in symptoms due
to treatment will result in a good medication adherence (Grant et al., 2003).
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2.2.5 Studies investigating medication adherence among T2DM patients in different
settings

Different studies have investigated medication adherence and factors associated with it among
T2DM patients (Ahmad et al., 2013; Al-Majed et al., 2014; Al-Qazaz et al., 2011; Al-Worafi
& Ming, 2014; Arulmozhi & Mahalakshmy, 2014; Ashur et al., 2015a; EI-Hadiyah et al.,
2016; Jackson et al., 2015; Jamous et al., 2011; Khan et al., 2012; Manan et al., 2012; Nazir
et al., 2016; Sweileh et al., 2014; Tiv et al., 2012).

These studies showed that average

adherence to oral anti-hyperglycemic medications ranged from 36 to 93%.

This may be

explained by the differences in studies' settings, countries and methods of adherence assessment.

Sweileh et al. (2014) conducted a cross-sectional study to evaluate medication adherence and its
association with beliefs about medicines, DM-related knowledge, demographic and clinical
factors. This was among 405 T2DM patients at the Al-Makhfia governmental diabetes primary
healthcare clinic in Nablus, Palestine. The MMSA-8 was used to assess medication adherence,
the BMQ was used to assess beliefs and MDKT was used to assess DM-related knowledge.
Results showed that 42.7% of patients were non-adherent (MMAS-8 score < 6). Moreover,
patients had strong beliefs in the necessity of their anti-diabetic medications and medium
concerns about adverse consequences of their anti-diabetic medications. Patients had acceptable
diabetic knowledge level (mean MDKT score 8.2 ± 2). Finally, the following variables were
significantly associated with non-adherence: knowledge about DM, beliefs about necessity of
anti-diabetic medications, concerns about adverse consequences of anti-diabetic medications and
beliefs that medicines in general were essentially harmful.

Jamous et al. (2011) conducted a pilot cross sectional descriptive study to assess oral antihyperglycemic medication adherence and factors associated with it. Moreover, to assess its
association with treatment satisfaction among 131 T2DM patients from Military Medical
Services clinic in Nablus, Palestine. This was by using MMAS-8 and Treatment Satisfaction
Questionnaire for Medication (TSQM 1.4). The TSQM 1.4 domain scores range from 0 to 100
with higher scores representing higher satisfaction on that domain. Results showed that 16.9%
of patients were non-adherent. Patients were satisfied with their treatment effectiveness (EFF)
(mean score 71 ± 17.6) and patients were more satisfied with their treatment side effects (mean
score 95 ± 16.4). Medication adherence was significantly correlated with age, duration of
illness, presence of co-morbid disease and satisfaction with treatment effectiveness.
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Mattar (2012) conducted a cross sectional study to assess medication adherence and to
determine factors associated with non-adherence among 1200 T2DM patients attending the
National Center for Diabetes, Endocrinology, and Genetics (NCDEG) in Amman, Jordan.
Results showed that 44.7% of patients were non-adherent. Factors significantly associated with
higher adherence rate were age above 60 years, duration of diabetes (≥10years), using of more
than six medications, presence of co-morbid disease, following dietary plan and presence of
good health team communication and support.

Ashur et al. (2015a) conducted a cross sectional study among 523 T2DM patients at the
National Centre for Diabetes and Endocrinology in Tripoli, Libya.

This was to assess

medication adherence and perceptions of patients about DM illness based on the MMAS-8 and
the Revised Illness Perception Questionnaire (IPQ-R), respectively. Results showed that 36.1%.
of patients were non-adherent. Patients had moderately high personal control and treatment
control perceptions and a moderate consequences perception. Patients reported a high perception
of DM timeline as chronic and a moderate perception of the DM course as unstable. The most
commonly perceived cause of DM was Allah‘s will (86.6%). Medication non-adherence was
significantly associated with low treatment control perception, high DM identity perception
(indicating that they attributed many of the symptoms they had experienced after the diagnosis to
their DM), being male and employed.

EI-Hadiyah et al. (2016) conducted a cross sectional study to assess medications adherence
among 351 T2DM patients attending Ribat University Hospital Diabetic Clinic (RUHDC) in
Khartoum, Sudan. This was by using structured questionnaire and patients cards. Results showed that 55% of patients were non-adherent to their medications. Reasons of patients' non adherence were drugs unavailability (34.3%), forgetfulness (30.7%), far to access clinic (15.7%), drug
cost (12.2%) and treatment complexity (7.1%).

Khan et al. (2012) conducted a cross-sectional study to measure the rate of medication nonadherence and the factors contributing to non-adherence among 468 diabetic patients from three
chronic disease centers in the Al-Hasa region, Saudi Arabia. This was by using structured
questionnaire and patients' file records. Results showed that 67.9% of patients were nonadherent to their medications. Medication non-adherence was significantly associated with
female gender, illiteracy, urbanization, irregular follow-up visits to the clinic, non-adherence to
exercise regimen, uses insulin and uses insulin with metformin.
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Al-Majed et al. (2014) conducted a cross-sectional study to determine the rate of medication
adherence and factors associated with it among 693 T2DM patients from five primary health
care settings in Kuwait.

The medication adherence was determined by using a specially

designed questionnaire that was derived from previous studies. The results showed that 26.1%
of patients were non adherent. Medication non-adherence was significantly associated with low
patients' education level, low patients' family income, poor glycemic control (HbA1c ≥ 7%),
irregular follow-up visits to the clinic, noncompliance with diet recommendations, irregular
check of blood glucose at home, smoking and irregular practicing exercises.

Tiv et al. (2012) evaluated medication adherence and identified factors linked to poor adherence
among 3,637 T2DM patient in France. Medication adherence was determined by using a six
item self-administered questionnaire.

Results showed that 39% of patients reported good

medication adherence, 49% medium adherence and 12% poor adherence. Poor medication
adherence was significantly associated with age < 45 years, non-European geographical origin,
financial difficulties and being currently work, poor glycemic control (HbA1c > 8%) and existing
DM complications, difficulties for taking medication alone, decision making by the patient only
regarding their medications, poor acceptability of medical recommendations, lack of family or
social support, lack information on treatment, no confidence in the future, lack medical support
and follow-up by a specialist physician.

Nazir et al. (2016) conducted a questionnaire-based cross sectional study to investigate the
association of DM-related knowledge and medication adherence with glycemic control. This
was for 392 T2DM patients who attended a public outpatient clinic in Sargodha, Pakistan. The
Urdu versions of MMAS-8 and MDKT were used to assess medication adherence and DMrelated knowledge, respectively. Patients‘ medical records were reviewed for HbA1c results.
Results showed that 71.94% of patients were non adherent to their medications. Patients had
acceptable level of knowledge about DM (median MDKT score 8). Almost all T2DM patients
reported poor glycemic control (median HbA1c value was 9 (IQR, 8.2–10.4)). Moreover, no
significant association was reported between patients' medication adherence, patients' DMrelated knowledge and patients' glycemic control.

Jackson et al. (2015) performed a descriptive, cross-sectional study on 303 ambulatory T2DM
patients attending an endocrinology clinic in Nigeria. Results showed that 50.2% of patients
were non-adherent. Moreover, patients' medication adherence was significantly associated with
low literacy level, forgetfulness, high cost of medication, limited access to care, complexity of
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regimen, patients' depression, poor patient-provider communication, lack of trust in the health
care provider.

A descriptive study was conducted by Arulmozhi & Mahalakshmy (2014) among 150 T2DM
in-patients who were admitted to a tertiary care hospital in India. This was to assess medication
adherence and adherence to self-care activities.

Moreover, to identify factors which were

associated with medication non-adherence. This was by using questionnaire included MMAS-8
and questions for assessing adherence to self-care activities. Results showed that 26% of the
patients were non adherent. Patients' medication non-adherence was significantly associated
with age less than 60 years, short duration since diagnosis (< 1 year) and poor family support.
Results of self-care activities showed that 22.7% of the patients involved in physical exercise for
at least 30 min. for at least 4 days in a week, only 16.7% of patients regularly inspected their feet
and around 67.3% of patients reported that they consumed a recommended diet for at least 4
days per week.

Ahmad et al. (2013) performed a cross-sectional survey to assess medication adherence and to
identify factors associated with non-adherence among 557 T2DM patients in seven primary
health clinics in Malaysia. Medication Compliance Questionnaire (MCQ) was used to assess
medication adherence and five specific items were used to assess patients' diabetic medications
knowledge. The findings revealed that 53% of patients were non-adherent (MCQ score < 27).
Only 15.1% of patients had sufficient knowledge about their medication (score ≥ 80%). Nonadherence was significantly decreased with older age, high medication knowledge and absence
of co-morbidities.

Al-Qazaz et al. (2011) conducted a cross-sectional study to investigate the association of
knowledge and medication adherence with glycemic control for 505 T2DM outpatients. The
study found that patients had medium level of medication adherence (median MMAS-8 score
6.5) and acceptable diabetes knowledge level (median MDKT score 7.0). Moreover, patients
had poor glycemic control (median HbA1c 7.6). Glycemic control was significantly increased
with higher MDKT scores and higher MMAS-8 scores. Adherence was significantly increased
with increased MDKT scores, higher educational level and decreased number of medications
used per day.
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2.2.6 The role of pharmacist in improving medication adherence

Pharmacists use a variety of educational, technical and behavioral tools to identify, encourage
and improve medication adherence (Chisholm-Burns & Spivey, 2008).

.2.2.6.1 Educational interventions
Educational interventions focus on providing knowledge about patient‘s medical condition and
medication regimen (Chisholm-Burns & Spivey, 2008). Educational interventions start by
establishing a relationship between the pharmacist and the patient to promote trust, honesty and
free discussion. This provides a patient opportunity to ask questions or address specific concerns
in the future. This also provides pharmacist a unique opportunity to dispel patient‘s fears or
misconceptions that may negatively influence his or her medication adherence (Bubalo et al.,
2010).

Different examples of educational interventions were used by pharmacists such as: Open-ended
discussions, notifying patients of medication related adverse effects, distributing medication
information in booklets or leaflets and offering structured individual education sessions
(Chisholm-Burns & Spivey, 2008).

An open-ended discussion between pharmacist and patient is an effective educating way to boost
medication adherence. This is because the resolutions offered are more likely to reflect patient‘s
personal needs, lifestyle and desires. This discussion highlights drug effectiveness compared to
supportive care or home remedies, potential adverse drug interactions at the beginning of the
regimen(s) and how the pharmacist intervention could address these issues. Appropriate selfmanagement techniques are discussed as well (Bubalo et al., 2010; Mac-Laughlin et al., 2005).

2.2.6.2 Technical interventions

Technical interventions focus on the medication regimen itself. Successful technical interventions are associated with a pharmacist role in simplifying the dosing regimen (Chisholm-Burns
& Spivey, 2008). Moreover, pharmacist can offer alternative formulations with less challenging
adherence burdens. However, if no alternatives exist, pharmacists must do what they can to help
patients cope with specialized dosing or administration requirements. This is through good
education and follow up (Bubalo et al., 2010).
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2.2.6.3 Behavioral interventions

Behavioral interventions from pharmacists attempt to modify or change patients' behaviors to be
more adherent to their medications.

Pharmacists choose suitable behavioral intervention

according to the current state of patient‘s behavior. Patient‘s behavior is well understood by
using of the stages-of-change model. This validated tool classifies patients according to their
state of behavior into five categories (Chisholm-Burns & Spivey, 2008). The first stage is the
pre-contemplation stage in which patient does not want to be adherent to the regimen. In this
stage, pharmacist intervenes by explaining widely about pros and cons of medication adherence
(Chisholm-Burns & Spivey, 2008; Ficke & Farris, 2005).

The second is the contemplation stage in which patients consider change in their behavior to be
more adherent. Some patients are intentionally non- adherent to medications but they realize that
there is value in taking their medications and agree to follow their regimen in another time. The
pharmacist helps those patients by clarifying the benefits of therapy and by removing their
surrounding environmental barriers. After that, pharmacist moves patients to the action stage.
On other hand, patients may be unintentionally non-adherent to their medications like those
patients who are not able to afford their medications cost. In this situation, pharmacists should
guide their patients to ask for discount or assistance programs. Thus, it is important for the
pharmacist to identify reasons for non-adherence to the prescribed regimen in this stage (Ficke
& Farris, 2005).

The third stage is the preparation stage in which patients begin making small changes in their
behavior toward medication adherence. Patients are ready to set a specific start date of when
they want to begin taking their medication as prescribed. Thus, any non-adherence arising at this
stage is likely unintentional. The pharmacist can help the patient in coordinating the regimen
with routine daily events (Ficke & Farris, 2005).

The fourth stage is the action stage in which patients make active changes in their behavior
toward medication adherence. The pharmacist follows up his patients for short period (one
week) to determine the progression in medication adherence level and how the medications are
working and to discuss the drugs‘ effects. Approximately one month later, when the patient
comes in for a refill, the pharmacist can follow-up again to provide positive reinforcement and
feedback (Ficke & Farris, 2005).
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The fifth stage is the maintenance stage in which change in behavior toward medication
adherence becomes a long-term behavior modification. Patients are consistently taking their
drug therapy as prescribed. Pharmacists reassess adherence periodically (Ficke & Farris, 2005).

2.2.6.4 Interventions in special cases

Pharmacists can improve medication adherence in special cases such as: elderly patients, patients
with inadequate literacy and patients with financial barriers. This is by using different tools
according to the main cause of medication non-adherence.

2.2.6.4.1 Elderly patients
Generally, elderly patients (≥ 65 years) are prone to multiple co-morbidities and polypharmacy.
Therefore, they are at higher risk of non-adherence to medications compared to the younger
patients. Non-adherence among elderly patients may also result from patients' mental state like
depression, sleep disturbances, anxiety, impaired cognitive function and memory; and from
medications factors like complex dosing schedule, necessity to cut tablets, difficulty in opening
containers, cost of medication particularly to the elderly patients who have retired or those from
the lower-income groups where concerns for food and shelter have a higher priority than the
purchase of medications (Yap et al., 2016).

Adherence in elderly patients may be improved by simple and helpful aids from the pharmacist.
Larger print on labels and instruction sheets accompanied by a verbal reinforcement of dosing
instructions from the pharmacist can help in patient adherence. Pharmacists can also recommend
organizational methods like calendars, medication cards, compartmentalized pill boxes or electronic reminder systems to aid patients in their medication adherence to multiple treatments.
Moreover, pharmacists can minimize dosing confusion by phrasing the instructions in terms of
number of doses per day instead of hours between doses (e.g., ―four times per day‖ instead of
―every 6 hours‖) (Bubalo et al., 2010; Mac-Laughlin et al., 2005).

2.2.6.4.2 Patients with inadequate literacy

Pharmacists can help patients with poor literacy to take their medication correctly. This is by
dispensing packaging containing physical or pictorial clues. The clues may include colored dots
on the labels or colored pill boxes that differentiate between morning and evening dosing. As
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well as labels may contain pictures to remind patients of specific dosing instructions (e.g.,
picture of a full glass alongside the instructions to take the medication with a full glass of water).
(Bubalo et al., 2010; Mac-Laughlin et al., 2005).

2.2.6.4.3 Patients with financial barriers

Generally, financial barriers to medication adherence stem from insufficient financial means in
uninsured patients or inadequate health insurance coverage in insured patients. Pharmacists
should inform patients the overall financial merits of investing in themselves by adhering to
therapy. Moreover, pharmacists should choose equally effective substitutions with low cost by
coordination with other health care team members (Bubalo et al., 2010).

2.2.6.5 The impact of pharmacist's interventions on medication adherence
Different studies have demonstrated a positive association between pharmacist's interventions
and improved adherence in T2DM patients. Al Mazroui et al. (2009) conducted a randomized
control trial (RCT) to examine the influence of a pharmaceutical care programme on disease
control and health-related quality of life among 234 T2DM patients in the Zayed Military
Hospital, UAE.

Intervention group patients (n=117) received pharmaceutical care from a

clinical pharmacist, whereas control group patients ( n=117) received their usual care from
medical and nursing staff. The pharmaceutical care programme included discussions every 4
and 8 month about the risk of DM complications, proper dosage, side-effects and storage of
medications, healthy lifestyle and management of DM signs and symptoms through selfmonitoring. Printed leaflet to assist with the education programme was given to each patient.
Moreover, supplementary leaflets containing information about hypertension and hyperlipidaemia were also given to patients if they suffered from these conditions. Results showed
that medication non-adherence was reduced from 48.3% at baseline to 21.4 % in the intervention
group while it was reduced from 49.1% to 32.5% in the control group (P-value < 0.05).
Medication non-adherence was evaluated by using patients' self-reported adherence to
medication. Moreover, results showed that 60.8% of intervention group patients and 64.2% of
control group patients had poor medication knowledge at baseline. However, at 12 months, 47%
of the intervention group patients had poor knowledge compared with 64.1% in the control
group.
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Jarab et al. (2012) conducted a randomized controlled trial (RCT) to assess the effectiveness of
the pharmaceutical care intervention among 156 T2DM patients who visited an outpatient
diabetes clinic at the Royal Medical Services (RMS) Hospital, Jordan.

All patients were

randomly assigned to either usual care group (n=79) or a pharmacist-led pharmaceutical care
intervention group (n=77). The intervention group at baseline received face-to-face education
from a clinical pharmacist about T2DM, prescription medications and necessary lifestyle
changes, followed by 8 weekly telephone follow-up calls to discuss and review the prescribed
treatment plan and to resolve any patient concerns. The self-reported 4-item Morisky Medication Adherence Scale was used to assess medication adherence at baseline and at 6 months
follow-up. Results showed that after 6 months assessment, the intervention group experienced
reduction in non-adherence proportion from 74.1% at baseline to 28.6%, while the control group
experienced reduction from 70.9% to 64.6% (P value = 0.003). Moreover, patients in the
intervention group had a mean reduction of 0.8% in HbA1c versus a mean increase of 0.1% from
baseline in the control group (P value = 0.019).

Butt et al. (2016) evaluated the impact of a pharmacist led intervention on HbA1c, medication
adherence, quality of life and other secondary outcomes among 66 T2DM patients who attended
endocrine clinic at University Kebangsaan Malaysia Medical Centre (UKMMC), Malaysia.
Patients were randomized to either control (n= 33) or intervention group (n=33) after screening.
Patients in the intervention group received an intervention program called Patient Education by
Pharmacist Programme (PEPP) from a pharmacist during the enrolment and after three and six
months of the enrolment. This program included illustration about DM and its complications,
hypoglycemia and hyperglycaemia, DM medications, lifestyle modifications and self-monitoring
of DM. Medication adherence was assessed by using modified MMAS-8. Mean MMAS-8
scores were significantly increased in the intervention group patients from 5.83 to 6.77 (P value
= 0.02). No significant change was observed, however in the control group (5.95–5.98) (P value
= 0.85). HbA1c values reduced significantly from 9.66% to 8.47% (P value = 0.001) in the
intervention group. However, no significant changes were noted in the control group (9.64–
9.26%) (P value = 0.14).

Patients' satisfaction with pharmaceutical care serves as a predictor of health-related behavior.
Patients who are satisfied with their pharmaceutical care are more likely to adhere with
medications, continue using healthcare services, participate in their own treatment and cooperate
with their healthcare providers (Khudair & Raza, 2013; Traverso et al., 2007).
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Abu Bakar et al. (2016) conducted a cross-sectional study to determine patients' satisfaction
about pharmaceutical care and its association with medication adherence. This was for 165
T2DM patients at the diabetes Medication Therapy Adherence Clinic (DMTAC) in three
government hospitals in the state of Johor, Malaysia. Satisfaction about pharmaceutical care was
measured using the Patient Satisfaction with Pharmaceutical Care Questionnaire (PSPCQ).
Medication adherence was measured by using the MMAS-8.

Results revealed that 87.0% of

patients were satisfied with pharmaceutical care. There was a significant (p < 0.01) and positive
fair correlation (r = 0.377) between patient's satisfaction and adherence. Moreover, patient's age,
gender and education level were significantly (p < 0.05) associated with patients' satisfaction.
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Chapter 3
Research Methodology

3.1 Study design

The current study is a cross-sectional study for the purpose of assessing medication adherence
among T2DM patients and its association with glycemic control.

It also examines the

association between medication adherence and patients‘ socio-demographic characteristics,
patients' diabetic history and co-morbidities, patients' medications history and their pattern of
anti-diabetic drugs prescribing, T2DM patients' care and education characteristics, patients'
diabetes knowledge and patients‘ beliefs about medicines.

3.2 Setting

The study was conducted at Al-Rimal Martyrs clinic in Gaza, Palestine. Al-Rimal Martyrs clinic
is one of the main governmental clinics among 54 primary health care (PHC) clinics in Gaza
governorates (PHIC-MOH, 2015c). It provides primary medical services to all Palestinian
patients under the umbrella of governmental health insurance. Al-Rimal Martyrs clinic has
different units including chronic disease unit, skin disease unit, maternal health unit, child's
health unit, dental unit, laboratory unit, X-ray unit, family regulation unit and outpatients‘
pharmacy unit.

3.3 Study population

The target population was patients from both gender (men and women) who were diagnosed
with T2DM and were not on insulin therapy.

3.4 Study sample

The study sample represented a convenience sample of 161 patients who met the inclusion
criteria and came to the Al-Rimal Martyrs clinic in the period from 21st June 2015 to 21st
September 2015. Only the 148 patients agreed to participate were included in the study. The
sample size was calculated based on the following assumptions: rate of medication nonadherence to be 50% based on a previously reported medication non-adherence rates (20-50%)
among Palestinian DM patients (Sweileh et al., 2014), an estimated prevalence rate of DM
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among Palestinians in Gaza 1,540 per 100,000 of population (PHIC-MOH, 2015a), confidence
interval width of 10% and confidence limit to be 95%. Therefore, an estimated sample of 96 was
needed for this study. In order to minimize erroneous results and increase the study reliability, a
total of 148 T2DM patients were recruited during the study period.

3.5 Selection criteria

3.5.1 Inclusion criteria for patients

1- Patients diagnosed with T2DM at least one year before.
2- Patients over 18 years of age of both sexes.
3- Patients who had complete medical records.
4- Patients who were on prescribed DM medications for more than three months (to ensure
familiarization with DM and the prescribed anti-hyperglycemic medications).
5- Patients who were not taking any insulin injection therapy.

3.5.2 Exclusion criteria for patients

1- Patients who are mentally incompetent.
2- Patients who have verbal problems or have difficulty to respond to the instruments of the
study (blind, hearing problem, senility).
3- Morbid patients unable to communicate with the researcher.
4- Patients who declined to participate in the study.

3.6 Recruitment procedure

During the study period, the researcher made daily visits to Al-Rimal Martyrs clinic. A brief
screening was conducted by the researcher to identify potential participants in the following
manner: every person in the patients' reception area of the chronic disease unit was asked if
he/she agreed to participate in the study. Then, a verbal consent was obtained by the researcher
and verification of inclusion and exclusion criteria took place. The questionnaire required for the
study was presented and explained during the interview. Each participant was interviewed face
to face separately in a private area in the clinic. Finally, each patient‘s medical record was
screened to complete other demographic and clinical information.
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3.7 Data collection methods

Two methods were used to collect data:


Questionnaire that includes four sections: demographic and clinical information section,
8-item Morisky Medication Adherence Scale (MMAS-8), Michigan diabetes knowledge
test (MDKT) and Beliefs about Medicines Questionnaire (BMQ).



Patient's medical record review for detailed clinical information about the participants.

3.7.1 Questionnaire

3.7.1.1 Medication adherence scale

Adherence to anti-diabetic medications was measured using the 8-item Morisky Medication
Adherence Scale (MMAS-8) (Appendix 1). Translated Arabic version of MMAS-8 was obtained from the previous published study (Jamous, 2014).

The MMAS-8 consists of eight

questions designed to measure medication adherence. The first seven quest-ions are Yes/No
questions while the eighth question is a multiple choice question with answers of (Never/Rarely,
once in a while, sometimes, usually, all the time). Each (No) answer is scored with one point
except for the fifth question where the (Yes) answer is scored with one point. The eighth
question answers are scored from 4-0 respectively, and then the answer is divided by four to get
the question score. The total MMAS-8 score is calculated by the sum of the eight questions
scores. Scores obtained from MMAS-8 range from 0 to 8, with scores of <6, 6 to <8, and 8
indicating low, medium and high adherence, respectively. Patients with total MMAS-8 scores <
6 were considered non-adherent, while MMAS-8 scores ≥ 6 were considered adherent (Table
2.3) (Morisky et al., 2008).

Table 2.3 The 8-item Morisky Medication Adherence Scale (MMAS-8).
Adherence level

Score

High

8

Medium

6 to <8

Low

<6
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3.7.1.2 Diabetes knowledge test

Michigan Diabetes Knowledge Test (MDKT) was developed by the Michigan Diabetes Research
and Training Center (MDRTC) in 1990 (Appendix 3). MDKT was tested for reliability and
validity by Fitzgerald et al. (1998). MDKT consists of a 23-item multiple-choice test that
comprises two subscales: General MDKT subscale and insulin use subscale which is applied
only to those using insulin (Fitzgerald, et al., 1998). General MDKT was used in this study to
assess general knowledge of patients about DM. MDKT was translated to Arabic language
before use. The general MDKT consists of a 14 multiple choice questions with one correct
choice for each question. The knowledge score was determined by awarding one point for each
correct answer and a zero for a wrong answer or no response. The total knowledge score ranged
from 0-14.

MDKT scores were categorized as follows: poor knowledge < 7, acceptable

knowledge 7 - < 11 and good knowledge ≥11. Those who got the highest scores are the most
knowledge-able about DM (Table 2.4).

Table 2.4 The Michigan Diabetes knowledge test (MDKT).
Knowledge level

Score

Good

≥11

Acceptable

7 - < 11

Poor

<7

3.7.1.3 The beliefs about Medicines Questionnaire
The Belief about Medicines Questionnaire (BMQ) was used to measure patients‘ beliefs about
medications (Appendix 2). Translated Arabic version of BMQ was obtained from the previous
published study (Jamous, 2014). The BMQ is a validated 18-item instrument. This consists of
two sections: the BMQ-Specific section and the BMQ-General section (Horne et al., 1999).
The BMQ-Specific section assesses patients‘ beliefs about DM medications. This section
consists of two scales: First, Specific-Necessity scale which comprises five item factors
assessing beliefs about the necessity of prescribed medications. Second, Specific-Concerns scale
comprises five item factors assessing believes about the concerns of prescribed medications
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based on beliefs about the danger of dependence, long term toxicity and the disruptive effects of
medications (Horne et al., 1999).
The BMQ-General section assesses more general beliefs about medications. This section consists of two scales: First, General-Harm scale which comprises four item factors assessing beliefs
about the degree to which patients perceive medications as essentially harmful.

Second,

General-Overuse scale which comprises four item factors assessing beliefs that medications are
overused by physicians (Horne et al., 1999).
The BMQ uses a 5-point Likert scale. Each item in BMQ has five potential answers (strongly
disagree, disagree, uncertain, agree, and strongly agree) (Horne et al., 1999). The answers were
scored from 1 (strongly disagree) to 5 (strongly agree) respectively. Points of each scale are
summed to give a scale score (Sweileh et al., 2014).
The total sum of possible scores in Specific-Necessity and Specific-Concerns scales would range
from 5 to 25. While, the total sum of possible scores in the General-Overuse and the GeneralHarm scales would range from 4 to 20 (Sweileh et al., 2014).
High scores indicate strong beliefs in the concepts of the scale. High Specific-Necessity scores
represent strong perceptions of personal need for the medication to maintain health now and in
the future.

Higher Specific-Concerns scores represent strong concerns about the potential

negative effects of the medications. High scores on the General-Harm scale represent more
negative views about medications as a whole and a tendency to see medications as fundamentally harmful and addictive poisons. High scores on the General-Overuse indicate more negative
views about the way in which medications are prescribed and beliefs that they are overused by
physicians (Sweileh et al., 2014).

3.7.1.4 Clinical information

Each patient was asked about his/her monthly household's income (in New Israeli Shekel (NIS))
, physical activity, diet compliance, type of medications remainder if present, main source of
his/her anti-diabetic drugs, if he/she had educated about DM before, if he/she easy access to
physician, if he/she spent enough time by physician, if he/she got instructions about T2DM care
before, pattern of his/her follow up in the clinic, pattern of his/her home-blood glucose measurement, if he/she got help to remember taking anti-diabetic drugs and if he/she knows of
optimum blood-.glucose level (Appendix 4).
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3.7.2 Medical record review

Each Patient's medical record was obtained through patient's profile number in the clinic.
Patient's medical record was screened to collect data about patient‘s socio-demographics and
clinical characteristics. This includes age, gender, height, weight, education level, marital
status, occupation, smoking status, co-morbidities, major and minor complication, anti-diabetic
drugs used, duration of T2DM and recent HbA1c test results ( not older than 6 months from
patient interview) which will be used to assess glycemic control (Appendix 5). Some recent
HbA1c test results were obtained directly from patients who measure their HbA1c out the clinic.
3.8 Outcome measures


Main outcome measures:

-

Medication adherence level.

For each patient; MMAS-8 score was determined.

Accordingly, the patient was classified as:

-

-

Medication non-adherent if total MMAS-8 scores < 6.

-

Medication adherent if total MMAS-8 scores ≥ 6.

Medication adherence rate was calculated as the ratio of adherent patients to the total no.
of participants.

- Glycemic control rate. Patients were considered good glycemic controlled if they had

HbA1c ≤ 7%, and poor glycemic control if they had HbA1c >7%.
-

Glycemic control rate was calculated as the ratio of glycemic controlled patients over the
total no. of patients.



Secondary outcomes:
1- Patients' DM knowledge level:
The MDKT score for each patient was determined by the summation of the correct
answers in the MDKT. Patients were classified as follows:
-

Poor diabetes knowledgeable if total MDKT scores < 7.

-

Acceptable knowledgeable if total MDKT scores 7– < 11.

-

Good knowledgeable if total MDKT scores ≥ 11.
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2- Patients' beliefs about medications.
For each patient, the score of each scale in the BMQ was determined. An increase
in the scale means an increase in the beliefs in the concept of the scale and vice
versa.

3.9 Data entry and analysis

Data entry process started by giving a serial number for each patient data questionnaire, then
coding variables and finally, the statistical package for social science (SPSS) version 22.0
program was used to enter the variables of data from questionnaires into the computer by the
researcher after categorizing variables.

Descriptive statistics was carried out for all variables as follows:
summarized using means and standard deviations.

numerical data were

Categorical data were summarized as

frequencies and percentages. The results obtained from used analyses tests were considered to
be statistically significant if P-values ≤ 0.05.

Chi-square test was used to study of association between medication adherence state and
patients' glycemic control.

Binary logistic regression test was used to explore factors

(independent variables) associated with non-adherence (MMAS-8 score < 6). The dependent
variable was non-adherence (coded as 1). Multiple logistic regression analysis was used to know
how the factors (independent variables) affect the non-adherence (dependent variable) by
identifying which factor (independent variable) has a major effect on the non-adherence
(dependent variable). Odds ratio (OR) at 95% confidence interval was used to evaluate the
association between non-adherence and a particular variable of interest.

3.10 Ethical consideration and procedures

The researcher is committed to all ethical considerations required to conduct research. First,
ethical approval was obtained from Faculty of Pharmacy, Al-Azhar University to carry out the
study (Appendix 6). Second, an approval letter from Helsinki committee in Palestinian Health
Research Council was obtained under number: PHRC/HC/37/15 in the committee meeting on
04/06/2015 (Appendix 7). This was to ensure full compliance with the guidelines of good
clinical practice of the world assembly declaration of Helsinki. Third, an approval letter from
Faculty of Pharmacy was sent to the director of general directorate for human research in the
51

Ministry of Health who approved to conduct the research (Appendix 8). Fourth, the patients
were informed that their participation was voluntary, and that they could withdraw from the
participation at any time without consequences. Fifth, the patients were assured that their
responses and their information will kept confidential.
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Chapter 4
Results
This chapter presents the findings of the current study. Presentation of the results is done according to study objectives. First, the principle characteristics of the patients are displayed. This is
followed by diabetic history and co-morbidities, medications history and pattern of anti-diabetic
drugs prescribing, T2DM care and education. Results of patients' diabetes knowledge test,
patients' beliefs about medicines, patients' medication adherence level and their glycemic status
are then displayed. This is followed by the results of glycemic control among patients and its
associations with medication adherence.

Different variables associated with medication adherence level are then examined. These variables include: diabetes knowledge level, beliefs about medications, sex, marital status, BMI, comorbidities and pattern of anti-diabetic drugs prescribing.
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4.1 Principle characteristics of the study population

4.1.1 Socio-demographic characteristics of patients
The investigator invited 161 patients who met the inclusion criteria to participate in the study.
The response rate was 91.9 % (n=148) (Figure 4.1).

Women composed 52%, while men composed 48% of the study sample. The mean age of the
patients was 59.4±8.6 yrs. Patients' age was categorized into two groups: (< 65yrs.) and (≥ 65
yrs.). Patients of the age group (< 65 years) constituted the majority (106, 71.6 %). Most
patients (123, 83.1%) were married and (100, 67.6%) have school educational level. Household
income was categorized into five groups. Patients of household income less than 1500 Ils.
constituted the largest proportion (54.1%). Regarding the patient's life style, (100, 67.6%) of
patients never smoke before and (96, 64.9%) practice physical activity. Yet, most of the patients
(148, 61.5%) never followed any diet program (Table 4.1).

Responded
Not Responded

91.9%

8.1%

Figure 4.1 Response rate among invited patients.
Responded patients to participate in the study are shown as % of the total number of invited
patients (n=161).
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Table 4.1 Socio-demographic characteristics of patients.

n (%)a

Characteristics
Age
< 65
≥ 65

106 (71.6)
42 (28.4)

Sex
Male
Female

71 (48)
77 (52)

Marital status
Married
Othersb

123 (83.1)
25 (16.9)

Level of education
Illiterate
School level
University level

6 (4.1)
100 (67.6)
42 (28.4)

Household income(Ils)c
Less than 1500
Between 1500 & 2500
Between 2500 & 3500
Between 3500 & 4500
More than 4500

80 (54.1)
43 (29.1)
15 (10.1)
7 (4.7)
3 (2)

Smoking status
Current
Former
Never

18 (12.2)
30 (20.3)
100 (67.6)

Diet compliance
Yes
No

57 (38.5)
91 (61.5)

Physical activity
Yes
No

96 (64.9)
52 (35.1)

n= number of patients.
a
(%) percentages are given within parenthesis with the total
number of patients (148) as the denominator.
b
Single,widow\er or divorced.
c
New Israeli sheqel (commonly used currency in Palestine)
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4.1.2 Diabetic history and co-morbidities
Most patients (86, 58.1%) have been diagnosed with T2DM for at least 5 years. The majority of
patients (97, 65.5%) were diagnosed at the age interval between (46-64). Most patients (87,
58.8%) were obese. Forty patients (27%) have no accompanying diseases. Hypertension was
the most common co-morbid condition affecting (70, 47.3%) of the patients. Twelve patients
(8.1%) had CHF as major complication of T2DM, while CHD affected (5, 3.4%) of patients.
The most common minor complication, however, was retinopathy, affecting (17, 11.5%) of
patients (Table 4.2).
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Table 4.2 Diabetic history and co-morbidities.

n (%)a

Items
Duration of T2DM in years.
<5
≥5

62 (41.9)
86 (58.1)

Age at diagnosis.
30 – 45
46 – 64
≥ 65

34 (23)
97 (65.5)
17 (11.5)

BMI.b
Obese
Overweight
Healthy weight

87(58.8)
51 (34.5)
10 (6.8)

Co-morbidities.
Without any accompanying disease.
Hypertension
Hyperlipedimia
Asthma
Cancer

44 (29.7)
70(47.3)
24(16.2)
7(4.7)
3 (2.1)

Complication.
A - Major complications
Without any major complications
Congestive heart failure
Coronary heart disease

131 (88.5)
12 (8.1)
5 (3.4)

B - Minor complications
Without any minor complications
Retinopathy
Neuropathy
Nephropathy

120 (81.1)
17 (11.5)
4 (2.7)
7 (4.7)

n= number of patients.
a
Percentages are given within parenthesis with the total number of patients
(n=148) as the denominator.
b
Body mass index = weight/height2(Kg/m2).

57

4.1.3 Medications history and pattern of anti-diabetic drugs prescribing.

Fifty eight patients (39.2%) were on single oral anti-diabetic drug, while 90 (60.8%) were on
combination therapy. Metformin was the most common prescribed drug (in 46, 31.2% of
patients). Metformin plus Glibenclamide was the most frequent combination therapy prescribed
(in 68, 46% of patients), while Metformin plus Vildagliptin plus Glimepride was the least
prescribed (in 5, 3.2% of patients). The majority of patients (122, 82.4%) were dispensed the
prescribed anti-diabetic drugs free from the Ministry of Health (MOH), while 26 (17.6%) of
patients purchased their medications from community pharmacies (Table 4.3).
Table 4.3 Medications history and pattern of anti-diabetic drugs prescribing.

n (%)a

Items
Anti-diabetic Drugs
a-Mono-therapy.

58 (39.2)

Metformin
Glibenclamide
Glimepride

46 (31.2)
8 (5.04)
4 (2.8)

b-Combination therapy.

90 (60.8)

Metformin & Glibenclamide
Metformin & Glimepride
Metformin & Vildagliptin
Metformin+Vildagliptin & Glimepride.

68 (46)
11 (7.7)
6 (3.8)
5 (3.2)

Source of drugs
Free from MOH.b

122 (82.4)

Purchased from community pharmacies.

26 (17.6)

n= number of patients.
a

(%) percentages are given within parenthesis with the total number of patients

(n=148) as the denominator.
b

Ministry of Health
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4.1.4 Type II diabetes mellitus care and education characteristics
Most patients (135, 91.2%) have never got any education about DM. The majority of patients
(124, 83.8%), however, had easy access to physician and (94, 63.5%) of patients spent enough
time with physician. Approximately half the patients (76, 51.4%) follow instructions about
T2DM care. Most of studied patients (110, 74.3%) regularly follow up in the Clinic. Yet, only
(46, 31.1%) of patients measure their blood glucose level regularly out of clinic. More than half
the patients (79, 53.4%) do not know the optimum blood-glucose level. Only 32 patients
(21.6%) got help to remember taking their anti-diabetic drugs (Table 4.4).
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Table 4.4 Type 2 diabetes mellitus care and education.

n (%)a

Items
Education about DM
Yes
No

13(8.8)
135 (91.2)

Easy access to physician
Yes
No

124 (83.8)
24 (16.2)

Enough time spent by physician
Yes
No

94 (63.5)
54 (36.5)

Instructions about T2DM care
Yes
No

76 (51.4)
72 (48.6)

Pattern of follow up in clinic.
Regular
Irregular

110 (74.3)
38 (25.7)

Pattern of home- blood glucose measurement.
Regular
Irregular

46 (31.1)
102 (68.9)

Getting help to remember taking anti-diabetic drugs.
Yes
No

32 (21.6)
116 (78.4)

Knowledge of optimum blood-glucose level.
Yes
No

69 (46.6)
79 (53.4)

n= number of patients.
a

(%) percentages are given within parenthesis with the total number of patients (n=148) as

the denominator.
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4.1.5 Patient's diabetes knowledge
Michigan Diabetes knowledge test (MDKT) was used to assess the general knowledge of
patients about DM. The mean score of MDKT was 7.02 ± 1.67 (out of total score of 14). Only
two (1.3%) patients had good knowledge about DM (scores ≥ 11) and approximately third the
patients (51, 34.5%) had acceptable knowledge (scores 7- <11), while the majority of patients
(95, 64.2%) had low knowledge (scores< 7) (Figure 4.2).

Low Knowledge
Acceptable Knowledge
Good Knowledge

64.19%
34.46%

1.35%

Figure 4.2 Diabetic knowledge level
Patients classified according to their scores (out of total score of 14) in Michigan Diabetes
Knowledge Test into three categories: patients with low diabetic knowledge level (scores < 7),
acceptable diabetic knowledge level (scores 7 - <11), good diabetic knowledge level (scores ≥
11).
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4.1.6 Patient's beliefs about medicines
The Beliefs about Medicines Questionnaire (BMQ) was used to measure patients‘ beliefs about
medicines.

Scores for patient's beliefs about their specific needs for prescribed medications (SpecificNecessity scale) vary between 5 and 25, with a mean of 17.8 (SD=3.62). This high score
represents strong patients' perception of their need for the anti-diabetic medication to maintain
health now and in the future.

Scores for patient's concerns of their prescribed medication (Specific-Concerns scale) vary
between 5 and 25, with a mean of 12.4 (SD=3.63). This low score represents medium patients'
concerns about the potential negative effects of their anti-diabetic medications.

Scores for patient's beliefs about the degree to which patients perceive their medicines as essentially harmful (General-Harm scale) vary between 4 and 20, corresponding to a mean of 12.3 (SD
= 2.79). This medium score represents little more negative patients‘ views about medications as
a whole and a tendency to see medications as fundamentally harmful and addictive poisons.
Finally, scores for patient‘s beliefs that medicines are overused by physicians (General-Overuse
scale) vary between 4 and 20 with a mean of 12.5 (SD=3.50). This medium score represents
more negative patients' views about the way in which medicines are prescribed and beliefs that
they are overused by physicians (Table 4.5).
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Table 4.5 Mean scores for each scale in the BMQ.

Scales

Mean ± SD

Specific-Necessity scalea,e,f

17.8 ± 3.62

Specific-Concerns scaleb,e,f

12.4 ± 3.63

General-Overuse scalec,e,g

12.3 ± 2.79

General-Harm scaled,e,g

12.5 ± 3.50

a

Scale represents patient's beliefs about their specific needs for prescribed medications.

b

Scale represents patient's concerns of their prescribed medication.

c

Scale represents patient's beliefs that medications are overused by physicians.

d

Scale represents patient's beliefs about the degree to which patients perceive their medicines as

essentially harmful.
e

High scores indicate strong beliefs in the concepts of the scale.

f

Total sum of possible scores range from 5 to 25.

g

Total sum of possible scores range from 4 to 20.
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4.2 Medication adherence
The 8-item Morisky Medication Adherence Scale (MMAS-8) was used to measure medication
adherence. Reported answers to MMAS-8 are presented in table (4.6).
Analysis of responses to MMAS-8 showed that 46.6% of patients forgot to take their
medications sometimes, 24.3% of patients missed taking their medications for a reason other
than forgetting in the past 2 weeks before the interview; 33.8% stopped taking their medication
without doctor counseling when they felt worse upon taking them; 39.9% forgot to take their
medications with them when leaving home for long time; 91.2% did not take their medications in
the day before the interview; 11.5% stopped taking their medications when they felt that their
health is under control; and 29.7% felt hassled about sticking to their treatment plan. As for
remembering to take their medications; 38.5% of patients usually find difficulties while 0.7% of
the diabetic patients face these difficulties all the time.

The mean adherence score for patients was 5.5± 1.4 (low adherence). Results showed that five
patients (3.3%) were classified as high adherent (MMAS-8 = 8), while (65, 43.9%) patients were
medium adherent (6 ≤ MMAS-8 > 8), and (78, 52.7%) patients were low adherent (Figure 4.3).

With regard to the tools that used by patients to help them remember medications time. Food
time was the most reported tool followed by pill box, remaining pill, telephone reminder and
calendar (Figure 4.4).
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Table 4.6 Self-reported medication adherence behavior of patients as determined by the
8-item Morisky Medication Adherence Scale (MMAS-8).

Items

n (%)a

Do you sometimes forget to take your Diabetic pills?
Yes
No

69 (46.6)
79(53.3)

People sometimes miss taking their medication for reasons other than
forgetting. Thinking over the past two weeks, were there any days when you
did not take your diabetic medicines?
Yes
No

36 (24.3)
112(75.7)

Have you ever cut back or stopped taking your medication without telling your
doctor, because you felt worse when you took it?
Yes
No

50 (33.8)
98(66.2)

When you travel or leave home do you sometimes forget to bring along your
diabetic medication ?
Yes
No

59 (39.9)
89(60.1)

Did you take your Diabetic medicine yesterday?
Yes
No

135 (91.2)
13(8.8)

When you feel like your diabetes is under control, do you sometimes stop
taking your medicines?
Yes
No

17 (11.5)
131(88.5)

Taking medication everyday is a real inconvenience for some people .Do you
ever feel hassled about sticking to your diabetes treatment plan?
Yes
No

44 (29.7)
104(70.3)

How often do you have difficulty remembering to take all your medications?
All the time
Usually
Sometimes
Once in while
Never / rarely

1 (0.7)
57 (38.5)
49 (33.1)
29 (19.6)
12 (8.1)

n= number of patients.
a
Percentages are given within parenthesis with the total number of patients (n=148) as the
denominator.
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Low Adherence
Medium Adherence

High Adherence
43.92%

52.7%

3.38%

Figure 4.3 Patients' medication adherence categories according to MMAS-8 scale.
Five patients (3.3%) were classified as high adherent (MMAS-8 = 8), while 65(43.9%)
patients were medium adherent (6 ≤ MMAS-8 > 8) and 78(52.7%) patients were low
adherent.

3.28%

Calender

1.64%

Pill Box
Telephone Reminder
31.15%
Food Time
62.3%

Remaining Pills

1.64%

Figure 4.4 Tools used to remember medications.
Different types of tools used by patients to help them remember medications time are shown as
% out of the total number of tools used to remember medications.
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4.3 Glycemic control

HbA1c test was used to assess patients' glycemic control. Results showed that (65, 43.92%) of
patients had good glycemic control (HbA1c ≤ 7), whereas (83, 56.08%) had poor glycemic
control (HbA1c >7) (Figure 4.5).

Good Glycemic Control
Poor Glycemic Control

43.92%
56.08%

Figure 4.5 Glycemic Control Level
Patients were classified according to their HbA1c test results into two categories: good glycemic
control patients (HbA1c ≤ 7), and poor glycemic control patients (HbA1c >7).
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4.4 Association between patients' medication adherence level and their glycemic status

Significant differences were found in the glycemic status according to HbA1c results among the
different medication adherence categories. Majority of non-adherent (MMAS-8 < 6) patients
(59, 75.6%) had poor glycemic control state (P-value< 0.001), whereas majority of adherent
patients (MMAS-8 ≥ 6) (46, 65.7%) had good glycemic state (P-value< 0.001) (Table 4.7).

Table 4.7 Association between patients' medication adherence level and their glycemic
status.

Glycemic status
Factor

Adherent

Good glycemic
control
N= 65

Poor glycemic
control
N= 83

46 (65.7%)

24 (34.3%)

Medication adherencea

P- Value

< 0.001b
Non-adherent

19 (24.4%)

59 (75.6%)

N= number of patients in each group.
a

Percentages are given within parenthesis with the number of patients in each group as the

denominator.
b

Chi-square test was used for comparisons, P-values < 0.05 were considered significant.

68

4.5 Factors associated with non-adherence

Univariate analysis showed that marital status, diet compliance status, education about DM and
General-Harm scale were significantly (P value ≤ 0.05) associated with medication nonadherence (MMAS-8 score < 6). Un-married patients were more likely to be non-adherent [O.R
= 2.84; 95% C.I of 1.2 – 6.71]. While patients compliant with diet were more likely to be
adherent to their medications [O.R = 0.65; 95% C.I of 0.43 – 0.98]. Patients who did not get any
education about DM were more likely to be adherent to their medications [O.R = 0.85; 95% C.I
of 0.77 – 0.94]. Patients with negative beliefs about medicines as a whole and a tendency to see
medicines as fundamentally harmful and addictive poisons were more likely to be non-adherent
to their medications [O.R = 0.87; 95% C.I of 0.79 – 0.96].

However, univariate analysis showed that there was no association between medication nonadherence and age, sex, level of education, household income, smoking status, physical activity,
BMI, co-morbidities, complications, diabetes knowledge level, Specific-Necessity scale,
Specific-Concern scale, General-Overuse scale, duration of T2DM, age at diagnosis T2DM,
pattern of anti-diabetic drug, main source of anti-diabetic drugs, easy access to physician,
enough time spent with physician, instructions about T2DM care, pattern of follow up in clinic,
pattern of home blood glucose measurement, getting help to remember taking anti-diabetic drugs
or knowledge of optimum blood glucose level (Table 4.8).
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Table 4.8 Univariate analysis of factors associated with non-adherence.

Total
N=148

Non-adherent
N=78

Adherent
N=70

Odds ratio with
95% CI

<65

106(71.62%)

55(70.51%)

51(72.85%)

Reference

≥65

42(28.37%)

23(29.48%)

19(27.14%)

1.08(0.64-1.81)

Male

71 (47.9%)

35(44.87%)

36(51.42%)

Reference

Female

77 (52.02%)

43(55.12%)

34(48.57%)

1.13(0.83-1.55)

122(82.43%)

58(74.35%)

64(91.42%)

Reference

Variable

Pvalue

Age

0.57

Sex

0.77

Marital status
Married

0.012
Others

26(17.56%)

20(25.64%)

6(8.57%)

2.84(1.20-6.71)

42(28.37%)

20(25.64%)

22(31.42%)

Reference

Level of education
University level

0.44
Non – university

106(71.62%)

58(74.35%)

48(68.57%)

1.08(0.88-133)

Less than 1500

80(54.05%)

43(55.12%)

37(52.85%)

Reference

Equal or more than
1500

68(45.94%)

35(44.87%)

33(47.14%)

0.95(0.67-1.35)

18(12.16%)

6(7.69%)

12(17.14%)

0.44(0.17-1.13)

Household income

0.44

Smoking status
Yes
No

0.11
130(87.83%)

72(92.30%)

58(82.85%)

Reference

Yes

57(38.51%)

24(30.76%)

33(47.14%)

0.65(0.43-0.98)

No

91(61.48%)

Diet compliance

0.003
54(69.23%)

70

37(52.85%)

Reference

Physical activity
Yes

96(64.86%)

47(60.25%)

49(70%)

0.86(0.67-1.09)

No

52(35.13%)

31(39.74%)

21(30%)

Reference

10(6.75%)

3(3.84%)

7(10%)

Reference

138(93.24%)

75(96.15%)

63(90%)

1.06(0.97-1.16)

44(29.7%)

22(28.20%)

22(31.42%)

Reference

0.65

BMI
Normal

0.16
Not normal
Co-morbidities
Without

0.72
With

104(70.3%)

56(71.80%)

48(68.57%)

0.85 (0.42-1.73)

Without

103 (69.6%)

51 (65.38%)

52 (74.28%)

0.65 (0.32-1.33)

With

45 (30.4%)

27 (34.61%)

18 (25.71%)

Reference

Diabetes knowledge
level.c

7.027±1.67

7.025±1.73

7.028±1.61

1.00(0.82-1.21)

0.97

Specific-Necessity
score.c

17.82±3.62

17.51±3.82

18.17±3.38

1.05 (0.96-1.15)

0.25

Specific-Concern
score.c

12.45±3.63

12.96±3.43

11.9±3.79

0.92 (0.84-1.00)

0.27

General- Overuse
score.c

12.33±2.79

12.76±2.59

11.85±2.94

0.88 (0.78-1.00)

0.07

General- Harm
score.c

12.50±3.50

13.25±3.24

11.67±3.60

0.87 (0.79-0.96)

0.05

62(41.89%)

34(43.58%)

28(40%)

Reference

Complications

0.28

T2DM duration
<5

0.61
≤5

86(58.10%)

44(56.41%)

42(60%)

0.94(0.71-1.23)

<65

131(88.51%)

69(88.46%)

62(88.57%)

0.99(0.88-1.12)

≥65

17(11.48%)

9(11.53%)

8(11.42%)

1.01(0.41-2.47)

Age at diagnosis

0.57
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Pattern of antidiabetic drug
Mono-therapy

58(39.18%)

32(41.02%)

26(37.14%)

Reference
0.56

Multi-therapy

90(60.81%)

46(58.97%)

44(62.85%)

122(82.43%)

63(80.76%)

59(84.28%)

0.93(0.72-1.21)

Main source of antidiabetic drugs
Free from clinic

Reference
0.79

Buying it from
outpatients
pharmacy

26(17.56%)

15(19.23%)

11(15.71%)

13(8.7%)

12 (15.38%)

1(1.42%)

1.22(0.60-2.48)

Education about DM
Yes

Reference
0.011

No

135(91.21%)

66(84.61%)

69(98.57%)

0.85(0.77-0.94)

Yes

124 (83.78%)

63(80.76%)

61(87.14%)

Reference

No

24(16.21%)

15(19.23%)

9(12.85%)

1.49(0.69-3.20)

94(63.51%)

49(62.82%)

45(64.28%)

Reference

Easy access to
physician

0.54

Enough time spent
with physician
Yes

0.29
No

54(36.48%)

29(37.17%)

25(35.71%)

1.04(0.67-1.59)

76(51.35%)

39(50%)

37(52.85%)

0.94(0.69-1.29)

72(48.64%)

39(50%)

33(47.14%)

Reference

110(74.32%)

56(71.79%)

54(77.14%)

0.93(0.77-1.12)

Instructions about
T2DM care
Yes
No

0.91

Follow up
Regular

0.84
Irregular

38(25.67%)

22(28.20%)

72

16(22.85%)

Reference

Pattern of home
blood glucose
measurement
Regular

46(31.08%)

24(30.76%)

22(31.42%)

0.97(0.60-1.58)

Irregular

102(68.91%)

54(69.23%)

48(68.57%)

Reference

32(21.62%)

20(25.64%)

12(17.14%)

116(78.37%)

58(74.35%)

58(82.85%)

Yes

69(46.62%)

39(50%)

30(42.85%)

Reference

No

79(53.37%)

39(50%)

40(57.14%)

0.87(0.64-1.18)

0.21

Getting help to
remember taking
anti-diabetic drugs
Yes
No

1.49(0.79-2.88)
0.60
Reference

Knowledge of
optimum blood
glucose level

0.36

N= number of patients in each group.
a

(%) Percentages are given within parenthesis with the total number of patients in each group as

the denominator.
b

Binary logistic regression test was used to analyze factors associated with non-adherence

(MMAS-8 score < 6), P-values ≤ 0.05 were considered significant.
c

Mean ± standard deviation.
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Multivariate analysis with multiple logistic regression test was done for factors that showed
significance in univariate analysis. Multivariate analysis showed that the following factors were
significantly associated with non-adherence: marital status (non-married) (p-value=0.013), diet
compliance (p-value=0.014), General-Harm scale (p-value=0.015), and not getting any education
about DM (p-value=0.011) (Table 4.9).

Table 4.9 Multivariate analysis of factors associated with non-adherence.

B

S.E.

P-valuea

Odds ratio with 95% C.Ib

Marital status (non-married)

1.30

0.52

0.013

3.69 (1.31 - 10.37)

Diet compliance

-0.94

0.38

0.014

0.38 (0.18- 0.82)

General- Harm scale

-0.133

0.055

0.015

0.87 (0.78-0.97)

Not getting any education
about DM

-2.75

1.08

0.011

0.06 (0.008 – 0.52)

Variable

Abbreviations: C.I: confidence interval, B: Coefficient of predictor variables. S.E.: Standard
error.
a

Multiple logistic regression was used to analyze factors appear as significantly associated with

non-adherence in Binary logistic regression , P-values ≤ 0.05 were considered significant.
b

Odds ratio (O.R) at 95% confidence interval (C.I) was used to analyze the relationship

between non-adherence and any particular factor of interest.
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Chapter 5
Discussion
The current cross sectional study was conducted at Al-Rimal Martyrs center in Gaza to assess
medication adherence in T2DM patients and to identify its association with glycemic control.
One hundred and forty eight T2DM patients were recruited for this study. MMAS-8 was used to
assess medication adherence, while HbA1c results were used to assess glycemic control. The
majority of patients had low medication adherence and with poor glycemic control. Through this
chapter, the results of this study will be presented, explained and compared to other studies
investigated the same problem.

5.1 Scope and methodology of the current study

One way to predict, monitor and promote therapeutic outcome in T2DM patients is to assess
medication adherence. This can be done by performing periodic cross-sectional studies. Such
studies can provide information about medication adherence and the factors associated with it
and thus can help the medical staff to provide effective interventions. Moreover, these studies
may help in regulating medication use in out-patients‘ settings and this would ultimately reduce
national health costs and increase patients‘ desired therapeutic outcome (Yusuff et al., 2008).

To date, few studies have assessed medication adherence and its association with glycemic
control in T2DM patients (Abebe et al., 2014; Al-Qazaz et al., 2011; Ashur et al., 2016; Nazir
et al., 2016; Ward et al., 2012). It is worth mentioning that this study is considered one of its
kind, since it is the first to be conducted in Gaza, Palestine to assess not only medication
adherence but also its association with glycemic control among T2DM patients.

Different methods were used in the published studies to assess medication adherence. In this
study, 8-item Morisky Medication Adherence Scale (MMAS-8) was used for this purpose. The
MMAS-8 is a reliable and valid tool. The usage of MMAS-8 was consistent with previous
studies (Abu Bakar et al., 2016; Al-Qazaz et al., 2011; Arulmozhi & Mahalakshmy, 2014;
Cicolini et al., 2016; Jackson et al., 2015; Nazir et al., 2016). The MMAS-8 was used widely
for different diseases including DM, schizophrenia and epilepsy and among different cultural
groups (Ashur et al., 2015b; Morisky et al., 2008). This was because of its low cost and ease
of implementation across a large variety of medication regimens (Lam & Fresco, 2015; Stirratt
et al., 2015). Moreover, MMAS-8 was successful in meeting the needs of research and clinical
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practice in several Arab countries which have been facing a high burden of DM (Ashur et al.,
2016).

Michigan diabetes knowledge test (MDKT) was used to assess knowledge of patients about DM.
The MDKT is a reliable and valid tool that was used in other studies (Al-Adsani et al., 2009;
Al-Qazaz et al., 2011; Carrillo-Alarcón et al., 2015; Nazir et al. 2016; Poulimeneas et al.,
2016; Sweileh et al., 2014; Turk et al., 2012).

The MDKT is self-administered, short,

inexpensive, easily interpreted by health professional and it is able to provide feed-back to DM
patients about areas where additional information is needed (Fitzgerald et al., 1998).
Beliefs about Medicines Questionnaire (BMQ) was used to measure patients‘ beliefs about
medicines. This reliable and valid tool (Horne et al., 1999) was used in several studies across a
wide range of diseases like DM, mental health illness, rheumatoid arthritis and others
(Alhalaiqa, et al., 2015; Cicolini et al., 2016; Horne et al., 1999; Neame, & Hammond,
2005).

Glycemic control was assessed by using glycosylated hemoglobin (HbA1c) test. This was similar
to previous studies (Al-Qazaz et al., 2011; Ashburner et al., 2016; Nazir et al., 2016; Ning et
al., 2016; Perna et al., 2012). This test has a great pre-analytical stability and little day-to-day
perturbations during stress and illness. Moreover, it reflects the status of glycemic control over
the previous three months (Adham et al., 2010).

5.2 Medication adherence

A systematic review of diabetic medication adherence both in developing and developed countries showed that average adherence to oral anti-hyperglycemic medications ranges from 36 to
93% (Manan et al., 2014). The present study found that 47.3% of patients were adherents
(MMAS-8 ≥ 6), whereas 52.7% of patients were non adherent (MMAS-8 < 6). Mean adherence
score for patients was 5.5± 1.4. These results indicate that low medication adherence was
common at the time of the study among the T2DM patients at Al-Rimal Martyrs clinic in Gaza.

The medication non-adherence in the current study was mainly due to patients' forgetfulness.
Forty six point six percent of patients reported that they forgot to take their anti-diabetic
medications, 39.9% of patients reported that they forgot to bring their anti-diabetic medication
when they travelled or left home and 38.5% of patients reported that they usually had difficulty
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in remembering to take all their medicines. Yet, for some patients medication non-adherence
was intentional. As an example, 33.8% of patients stopped taking their medications without
physician counseling when they felt worse upon taking them. Moreover, 11.5% of patients
stopped taking their medications when they felt that their health was under control and 24.3% of
patients missed taking their medications for a reason other than forgetting in the past 2 weeks
before the interview.

In agreement with the findings of the current study, Sweileh et al. (2014) found that 42.7% of
T2DM patients were non-adherent. Jackson et al. (2015) found that 50.2% of T2DM patients
were non-adherent. In addition, Bizu & Habte (2016) found that 51% of 155 T2DM patients
were non-adherent. Their study was conducted in three health centers in Addis Ababa, Ethiopia.
Similarly, Mattar (2012) found that 44.7% of T2DM patients were non-adherent, while Abu
Bakar et al. (2016) found that 44.8% of T2DM patients were non-adherent.

In contrast to our results, Jamous et al. (2011) found that only 16.9% of 130 T2DM patients in
their study were non-adherent. This may be explained by the fact that the population of their
study was homogenous; just military personnel and their families. Those patients received
advanced medical care and medications from their Military Medical Services author-ities.
Whereas in the current study, patients were from different society groups and received normal
medical care. In addition, Ashur et al. (2016) found that 36.1% of 523 T2DM patients were
non-adherent (MMAS-8 score of < 6). In contrast to our study, there were insulin users among
the participants. Usually patients on OHG agents only are more likely to have fewer symptoms
and they consider their illness less serious than those on insulin. Therefore, they may stop taking
their medicines when symptoms disappear (Bizu & Habte, 2016). Thus, patients using insulin
are more adherent to their medications compared with patients on OHG agents only. Arulmozhi
& Mahalakshmy (2014) found that 26% of 150 T2DM in-patients in their study were nonadherent. Their study, however was conducted at inpatients setting. Patients in inpatient setting
often take medications regularly and have more care.

5.3 Glycemic control and its association with medication adherence.
The present study found that 43.92% of patients had good glycemic control (HbA1c ≤ 7), whereas
56.08% of patients had poor glycemic control (HbA1c > 7). Poor glycemic control found in our
study may be explained by the fact that majority of patients (93.3%) were obese or overweight
and this high BMI was reported to be associated with poor glycemic control because of insulin
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resistance (ADA, 2016a; Al-Rasheedi, 2015; Ashur et al., 2016; Raum, et al., 2012). In
addition, this may be related to long term DM (at least 5 years) that was reported by most
patients (58.1%) in the current study. Usually, long term DM is associated with poor glycemic
control due to progressive impairment of insulin secretion with time because of ß cell failure,
which makes the response to diet alone or oral agents unlikely (Khattab et al., 2010).
Moreover, most patients (61.5%) were non diet compliant. Diet compliance is considered one of
three cornerstones of glycemic control beside medication and exercise (Boulé et al., 2001;
Noureddine, et al., 2014). People in Palestine especially in Gaza strip exposed to stressful
events continuously like life events, food shortage, job insecurity and wars (Giacaman, et al.,
2009). Continuous exposure to the traumatic events as wars, floods and earthquakes, was
associated with a progressive poor glycemic control (Soskolne et al., 2016).

Many studies assessed glycemic control in patients with T2DM (AL-Eitan et al., 2016; AlLawati et al., 2012; Al-Rasheedi, 2014; Ashur et al., 2016; Imseeh et al., 2013; Janghor-bani
& Amini, 2012; Khattab et al., 2010; Noureddine et al., 2014). Similar to the current study,
two studies at King Abdullah University Hospital (KAUH) and the National Center for Diabetes,
Endocrinology and Genetics (NCDEG) in Jordan revealed that good glycemic control was
observed in 39.2% and 34.9% of T2DM patients, respectively (AL-Eitan et al., 2016; Khattab
et al., 2010). Similarly, other studies from different regions reported that patients had good
glycemic control. Janghorbani & Amini (2012) found that 35.6% of 4,582 T2DM patients
from Iran had good glycemic control. Similarly, Al-Rasheedi (2014) reported that 32.3% of 384
T2DM patients from the primary care clinic of King Khalid University hospital in Saudi Arabia
had good glycemic control. Moreover, Noureddine et al. (2014) found that 31.8% of 551
T2DM patients from an outpatient endocrinologist‘s clinic in Lebanon had good glycemic
control. Al-Lawati et al. (2012) reported that 30% of 2,551 T2DM patients from primary health
care centers in Oman had good glycemic control.

In contrast, Imseeh et al. (2013) found that only 20% of T2DM patients had good glycemic
control. They conducted their study among 517 T2DM patients from 11 clinics owned by the
Palestinian Ministry of Health (MOH; n=5), United Nation Relief and Works Agency (UNRWA)
for Palestine Refugees in the Near East (n=4), and jointly by non-governmental organizations
and MOH (n=2) in Ramallah, Palestine. The majority of patients were females (67.8%). Being
female is an independent risk factor of poor glycemic control. Usually, females have high rate of
nutritional and psychological problems and they are less adherent to lifestyle changes and to
exercise due to traditional and cultural restrictions (Al-Rasheedi, 2015; Setoodeh et al., 2013).
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In addition, Ashur et al. (2016) found that 21.8% of T2DM patients from the National Centre
for Diabetes and Endocrinology in Libya had good glycemic control. The majority of patients
(61.9%) in this study were on insulin. Usually, insulin usage is a predictor for poor glycemic
control because insulin usually serves as adds on therapy for patients who fails to attain the
HbA1c target after their initial first line therapy (Adham et al., 2010, Al-Khawaldeh et al.,
2012; Goudswaard et al., 2004).

Oral anti-hyperglycemic agents are the major treatment for patients with T2DM. However, nonadherence to OHAs remains one of the main reasons for poor glycemic control (Shrestha et al.,
2013). In the current study, poor glycemic control was significantly associated with medication
non-adherence (P-value < 0.001). Patients with poor glycemic control state were more likely to
be non-adherent to their medicines. This indicates that good glycemic control can be achieved
by improving medication adherence among those patients in this study.

The number of studies on the association of medication adherence with glycemic control in
T2DM patients is still very limited (Raum, et al., 2012). Abebe et al. (2014) found that high
medication adherence was significantly associated with good glycemic control (P value = 0.001).
Their study included 391 DM patients from the diabetic clinic of the University of Gondar
Referral Hospital, Ethiopia. Similarly, other studies (Al-Majed et al., 2014; Ashur et al., 2016;
Tiv et al., 2012) found that medication non-adherence was significantly associated with poor
glycemic control (P value = 0.03, 0.008, 0.01, respectively).

In contrast to this finding, Ward et al. (2012) found that medication adherence was not
significantly associated with glycemic control status. The sample size (35 T2DM patients) in
this study was too small to detect any significant association between medication adherence and
glycemic control.

5.4 Patients' diabetes knowledge and its association with medication adherence.

The current study showed that majority of patients (64.2%) had low level of knowledge about
DM (MDKT scores < 7). The mean score of MDKT was 7.0 2 ± 1.67. In addition, patients'
knowledge was not significantly associated with their medication adherence (P value = 0.97).
The poor knowledge level of patients may be related to insufficient patients' education about
DM. Only 8.8% of patients reported that they had education about DM. This may be explained
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by inadequate implementation of training and counseling programs and insufficient distribution
of an educational materials related to DM.

Few studies assessed patients' diabetes knowledge by using MDKT (Al-Adsani et al., 2009;
Poulimeneas et al., 2016; Sweileh et al., 2014; Turk et al., 2012). Other studies, however used
predesigned questionnaire and instruments other than MDKT (Gosmanova, & Gosmanov,
2009; Pongmesa et al., 2009; Rafique et al., 2006). Therefore, it was difficult to compare our
results with them. Similar to the current study, Jasper et al. (2014) found in their study among
184 T1DM and T2DM patients who attended the 2012 world diabetes day celebration at a
diabetes screening centre in Nigeria that patients had low diabetic knowledge level. Patients'
mean score in MDKT was 6.2 ± 2.2. Nazir et al. (2016) found that patients' knowledge about
DM was not significantly associated with their medication adherence (P value > 0.05).

In contrast to this finding, Sweileh et al. (2014) found that patients had acceptable diabetic
knowledge level (mean MDKT score was 8.2 ± 2). In addition, patients' knowledge about DM
was significantly associated with their medication adherence (P value < 0.001). A study by
Turk et al. (2012) conducted among 225 old (age ≥ 65 years), non-insulin dependent T2DM
patients from North-East Slovenia found that patients had acceptable diabetic knowledge level
(mean MDKT score was 8 ± 2.4). Similarly, Al-Adsani et al. (2009) found in their study
among 2891 T2DM patients using only OHG agents from 24 diabetes clinics in Kuwait that
patients had acceptable diabetic knowledge level (mean MDKT score was 8.65 ± 2.15). In
addition, Poulimeneas et al. (2016) found in their study among 159 T2DM patients from three
clinics in Greece that patients had acceptable diabetic knowledge level (mean MDKT score was
8.3 ± 2.2). Nazir et al. (2016) had similar finding (median MDKT score was 8). The reasons
for the conflicting outcomes can be attributed to differences in educational background, total
years of education, socio-demographic and clinical characteristics, family history of DM,
duration of DM and consultation about DM in these settings. Furthermore, usage of large
sample size permitted of more accurate estimation of patients' knowledge about DM.

5.5 Patients' beliefs about medicines and its association with medication adherence

5.5.1 Specific Necessity scale

The results of the current study showed that patients were strongly endorsed that their antidiabetic medications were necessary for their current and future health. Their mean score in
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Specific-Necessity scale was 17.8 ± 3.62. This may be explained by the fact that majority of
patients (56.08%) were poorly glycemic control controlled (HbA1c > 7) and also majority of
patients (60.8%) were prescribed combination of anti-diabetic therapy by their physician.
Therefore, patients realized the importance of their anti-diabetic medicines for their current and
future health. Moreover, patients had notion that DM is chronic disease and diabetic patients
require medicines throughout their life.

This finding was similar to that of Sweileh et al. (2014) study in which patients had a strong
perception of their need for the anti-diabetic medication to maintain their health now and in the
future (mean score in Specific-Necessity scale was 18.5 ± 4). In addition, Shiyanbola & Nelson
(2011) showed that 16 of DM patients (93.8% of T2DM patients and 6.3% of GDM patients) had
a strong perception of their need for the anti-diabetic medication to maintain their current and
future health. Their mean score in Specific-Necessity scale was 18.13 ± 3.65. Aflakseir (2012)
found that T2DM patients from an outpatient clinic in Iran had a strong perception of their need
for the anti-diabetic medication to maintain their current and future health. Their mean score in
Specific-Necessity scale was 19.35 ± 3.63. Bizu & Habte (2016) found that T2DM patients
from three health centers in Ethiopia had a strong perception of their need for anti-diabetic
medicines to maintain their health now and in the future. Their mean score in Specific-Necessity
scale was 20.3 ± 3.3.

5.5.2 Specific Concern scale

Patients in the current study had medium concerns about the adverse consequences of taking
anti-diabetic medications on regular basis. Their mean score in Specific-Concerns scale was
12.4 ± 3.63. This may be related to adverse drug effects that patients experienced when taking
their medicines and interference of medicines with patients' daily activities.

Moreover,

healthcare providers might have not addressed patients' concerns about their medicines during
counseling sufficiently.

Similar to the current study, patients in Sweileh et al. (2014) study had medium concerns about
the potential negative effects of their anti-diabetic medications. Their mean score in SpecificConcerns scale was 14.0 ± 4.3.

In addition, Aflakseir (2012), Bizu & Habte (2016),

Shiyanbola & Nelson (2011) have similar findings with mean scores in Specific-Concerns scale
15.71 ± 4.17, 17.30 ± 3.80, 14.69 ± 5.07, respectively.
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Mean score in Specific-Necessity scale (17.8 ± 3.62) was higher than the mean score in SpecificConcerns scale (12.4 ± 3.63). That would lead one to expect high levels of medications
adherence which was not the case. Patients may have other concerns that go beyond side effects
such as the unavailability of effective types of medicines and presence of poor health care quality
in the health facilities that follow MOH (Giacaman, et al., 2009).

5.5.3 General-Harm scale

Patients had medium negative views about medicines as a whole and a tendency to see medicines
as fundamentally harmful and addictive poisons. Their mean score in General-Harm scale was
12.5 ± 3.50. This indicates that patients need to be assured that their medications were not
addictive and that medications have an acceptable safety profile for long-term use. These
patients' beliefs may be associated with the notion that the dangerous aspects of medications are
linked to their chemical/unnatural origins and that complementary treatments are perceived to be
more ―natural‖ and therefore safer.

In addition, these negative beliefs about medicines, in

general, may be acquired from surrounding patients with worse experiences from prior use of
medicines.

This finding comes in agreement with Sweileh et al. (2014) finding in which patients had
medium beliefs that medicines in general were essentially harmful.

Their mean score in

General-Overuse scale was 10.5 ± 3.7.

In the current study, there was a weak yet significant association between medication adherence
and a General-Harm scale (P value = 0.05). Patients with negative beliefs about medicines as a
whole and a tendency to see medicines as fundamentally harmful and addictive poisons were
more likely to be non-adherent to their medications [O.R = 0.87; 95% C.I of 0.79 – 0.96]. This
was consistent with Sweileh et al. (2014) finding in which patients with negative beliefs about
medicines were significantly more likely to be non-adherent to their medications [O.R = 1.1;
95% C.I of 1.1 – 1.2] (P value < 0.001).

5.5.4 General-Overuse scale

Patients had medium negative views about the way in which medicines were prescribed and
beliefs that medicines were overused by physicians. Their mean score in General-Overuse scale
was 12.3 ± 2.79. These beliefs might have originated from poor patients' experiences with use of
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medicines in general, poor patients' knowledge of the purpose of each one of the prescribed
medicines in disease treatment, patients' beliefs that their actions like reducing or avoiding sugar,
eating healthy food and practicing exercise can control the disease without need for medicines
and patients' beliefs that natural remedies were safer than medicines (Shiyanbola & Nelson,
2011).

Our results were again consistent with Sweileh et al. (2014) finding in which patients had a
medium perception that medicines in general were overused by physicians. Their mean score in
General-Overuse scale was 12.0 ± 3.3.

5.6 Factors associated with non-adherence

The current study showed that different factors were significantly associated with medications
non-adherence. This included marital status, diet compliance status, General-Harm scale in
BMQ and education about DM. Un-married patients were more likely to be non-adherent [O.R
= 2.84; 95% C.I of 1.2 – 6.71]. Usually, family individuals remind and help their patients to
perform self-care activities and create appropriate environment to reinforce adherence such as
preparing healthy diet and sharing exercises.

Similar to the current study, Shams & Barakat (2010) found in their study that involved 226
T2DM patients that married patients had a significant high rate of medication adherence
compared with unmarried ones (single, widowed or divorced ones) (P value < 0.01). In addition,
Sweileh et al. (2014) found that married patients were significantly (P value = 0.021) less likely
to be non-adherent [O.R = 0.6; 95% C.I of 0.4 – 0.9].

On the other hand, Bizu & Habte (2016) and Nazir et al. (2016) found in their studies that
marital status was not significantly associated with medication adherence (P value = 0.725, 0.67
respectively). This can be explained by the absence of other potential factors related to marital
status, like quality of marriage. These factors will provide further insight into relationship of
marital status with medication adherence.

Diet compliance status was significantly associated with medication adherence in this study (P
value = 0.003). Patients who were compliant with diet were more likely to be adherent to their
medications [O.R = 0.65; 95% C.I of 0.43 – 0.98]. This can be explained by the fact that patients
who adhere and monitor their diet are more frequently obtain regular feedback about the positive
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impact of adherence on their blood glucose levels, which in turn may encourage them to adhere
to their medications beside diet to obtain more desirable HbA1c results and to avoid any possible
complications.

This comes in agreement with Inbaraj et al., (2016) study which found that patients who noncompliant with diet were 5.62 times more likely to non-adhere to the medications compared with
patients compliant with diet (95% CI: 2.17-1.45). Similarly, Al-Majed et al. (2014) found that
medication non-adherence was significantly associated with diet noncompliance [O.R = 0.3;
95% C.I of 0.1 – 0.6] ( P value ≤ 0.05).
Patient‘s education about DM was significantly associated with medications adherence in this
study (P value = 0.011). Patients who did not get any education about DM were more likely to
be adherent to their medications [O.R = 0.85; 95% C.I of 0.77 – 0.94]. This seems surprising
and counterintuitive on first view. Most likely, a possible explanation for this is that diabetes'
education was more often recommended, prescribed or used by patients having difficulties with
medication adherence. Moreover, this may be related to the low quality of offered diabetes'
education like getting an education from non well-trained health care provider, or from
audiovisual and social media.

Most studies have assessed the association between medication adherence and education level of
patients instead of patients' education about DM (Abu Bakar et al., 2016; Ahmad et al., 2013;
Al-Majed et al., 2014; Al-Qazaz, et al., 2011; Arulmozhi & Mahalakshmy, 2014; EIHadiyah et al., 2016; Jackson et al., 2015; Jamous et al., 2011; Khan et al., 2012; Nazir et
al., 2016; Shams & Barakat, 2010). One study examined the association between medication
non-adherence and patients' education about DM found that medication non-adherence among
1142 T2DM patients from the primary care setting in Germany was significantly (P value =
0.009) associated with patients‘ education about DM. Patients who had already attended at least
one diabetes education training reported medication non-adherence more often than those who
had never attended such training (Raum et al., 2012).
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5.7 Limitations of the study

All studies have limitations that could bias estimates. Therefore, these limitations should be
taken into account when interpreting the findings. These limitations might be responsible for the
small observed odds ratio found in this study. The current study was undertaken in one public
governmental clinic in Gaza strip, Palestine. Therefore, the results could not be generalizable to
all T2DM patients in Gaza.

Other limitations of this work were the fact that it was not conducted among insulin users of
T2DM patients. Therefore, this restricts the applicability of the study‘s results to a considerable
subset of T2DM patients that constitutes 64.5 % of them (PHIC-MOH, 2015c).

Face to face interview and use of self-reported method might generate social desirable answer.
This may result in bias results. Moreover, recall bias is a possibility. In addition, the selection
method might have created bias toward positive beliefs in BMQ since patients who attend the
clinic were those who usually care about their health. Another limitation of this study is that
some of the HbA1c results brought by patients for follow-up were from different laboratories
outside the clinic. This is because of the unavailability of the test in the clinic all the time.
Therefore, some differences in procedures may affect HbA1c results. Moreover, it could have
been preferable to use a mean value of all HbA1c over one year to be more accurate and precise
rather than using only the most recent HbA1c measures. The study was time consuming because
of long period of data extraction. This is due to the absence of active computerized information
system in the clinic and most of patients' medical records were not completely filled by health
care providers.
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Chapter 6
Conclusion and Recommendations

Few data were available about medication adherence among T2DM patients in Palestine. The
present study assessed medication adherence and its association with glycemic control among
T2DM patients at Al-Rimal Martyrs clinic in Gaza, Palestine.

Using MMAS-8 to assess

medication adherence; the medication adherence was found to be lower than that reported in
most other international studies, with only 47.3% of patients were medication adherents.
Glycemic control was found to be at low level; only 43.92% of patients had good glycemic
control, but this went with that reported regionally. Poor glycemic control was significantly
associated with medication non-adherence.

Moreover, medication non-adherence was

significantly associated with marital status, diet compliance status, General-Harm scale in BMQ
and education about DM.

6.1 Recommendations
In order to improve medication adherence and subsequently glycemic control of T2DM patients,
it is recommended that:


Pharmacists should:

1. Provide patients with clear oral and written instructions about medication use and assess
and boost patients' understanding of these instructions.

2. Raise awareness of patients about the importance of medication adherence and the
consequences of medication non-adherence.

3. Encourage patients to relate their medication taking to their daily activities by advising
patients to leave their medication where it can be noticed, taking medication at the same
time each day and setting alarm to go off the next time their need to take their
medication.
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4. Be knowledgeable and fully aware of patients‘ fears from taking medication and direct
patients' education and intervention to minimize such concerns and consequently
minimize non-adherence.

5. Improve knowledge of patients about their medication, clarifying that their medication is
not addictive and that medication has an acceptable safety profile for long-term use.

6. Routinely inquire and remind patients about medication adherence at every visit.

7. Use the teach-back approach (i.e., asking patients to repeat the important points) and
asking patients to read and interpret the medication label to confirm that their patients
understand all aspects of their new medication, which in turn increases adherence.


Physicians should:

1. Communicate effectively with each other and with pharmacists to remove any obstacles to
patients' medication adherence.

2. Communicate effectively with their patients to empower their medication adherence, by
including shared decision-making regarding the treatment in which the patient‘s values
and preferences are effectively integrated.

3. Use blood glucose monitoring to motivate patients for adherence and educate patients
about consequences of medication non-adherence and benefits of medication adherence.

4. When prescribing a new medication, provide patient with all necessary and important
information, including the name of the medication, its purpose, the rationale for choosing
it, the frequency of dosing, when it should be taken, how long it should be taken and any
potential adverse effects.

5. Improve knowledge of patients about DM and its management.
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Patients should:

1. Inform their health care professionals with any barriers or negative attitudes toward
medication adherence.

2. Increase their knowledge about DM and DM medication, through attending different
educating programs and asking health care professionals.


Patients' families should:

1. Be counseled about the importance of medication adherence and their role in motivating
DM patients and creating appropriate environment to reinforce adherence.


Policy makers should:

1. Include psychiatric health services in DM management programs and include routinely
screening to all DM patients for depression in order to help in understanding and
changing of patients‘ behavior to be more adherent.

2. Implement adequate training and counseling programs on medication adherence for
patients.

3. Provide professional training and guidance for all healthcare providers, so they can
deliver effective adherence interventions.

4. Increase research on medication adherence, to find and implement more effective
interventions for medication adherence.

5. Increase public awareness of medication adherence by creating a public/private
partnership to mount a unified national education campaign to make patient adherence a
national health priority.

6. Implement electronic medical records and electronic prescribing to increase adherence by
identifying patients at risk of non-adherence and targeting them for intervention.
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7. Distribute high-quality, easily accessible and easy-to-understand information about DM
medication, including their benefits and risks through booklets, leaflets, media, MOH
website and social media.

6.2 Recommendations for future research

Future research should involve large and more inclusive sample of T2DM patients (both insulin
users and OHG agents users) from clinics owned by the MOH, UNRWA and other private
sectors. Bias results may result from indirect self-report method, face to face interview and
recall bias. Hence, it is important to incorporate direct methods such as blood and urine tests to
monitor the actual adherence rate of patients. Also, future studies are needed to prove causal
relationship between exposures and out-comes to examine the causation of reported low
medication adherence. Further studies are needed to explore factors associated with medication
non-adherence in order to improve patients' medication adherence.
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Appendix (1) The 8-item Morisky Medication Adherence Scale (MMAS-8).
السؤال

ال

نعم

 1هل تنسى أحيانا أن تتناول الدواء الخاص بداء السكري؟
 2ال يتناول الناس أحيانا األدوية الخاصة بهم ألسباب أخرى غير النسيان .هل
كان هناك أية أيام عمى مدى األسبوعين الماضيين لم تتناول فيها الدواء
الخاص بداء السكري؟
 3هل سبق لك أن خفضت أو توقفت عن تناول الدواء الخاص بداء السكري
دون أن تخبر طبيبك وذلك ألنك شعرت بأن حالتك الصحية أصبحت أسوأ
عندما تناولت الدواء؟

 4عندما تسافر أو تغادر المنزل ،هل تنسى أحيانا اصطحاب الدواء الخاص
بداء السكري؟
 5هل تناولت الدواء الخاص بداء السكري باألمس؟
 6عندما تشعر بأن داء السكري لديك تحت السيطرة ،هل تمجأ أحيانا إلى
التوقف عن استعمال الدواء؟
 7تناول الدواء بشكل يومي قد ال يروق لبعض الناس .هل تشعر بعدم رضا
أو امتعاض أو تشويش بسبب التزامك اليومي بالدواء؟
 8كم من األحيان تواجه صعوبة في تذكر تناول جميع أدويتك؟
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أبدا /ناد ار

قميال أحيانا

عادة

دائما

Appendix (2) The Belief about Medicines Questionnaire (BMQ).
أعارض
بشدة

السؤال
Specific- Necessity
1

حٌاتً ستكون مستحٌلة بدون أدوٌتً

2

بدون أدوٌتً ،سوف أكون مرٌضا جدا

3

صحتً فً الوقت الحالً تعتمد على أدوٌتً

4

أدوٌتً تحمٌنً من أن أصبح بحالة أسوأ

5

صحتً فً المستقبل سوف تعتمد على أدوٌتً
Specific-Concerns

1

أحٌانا ،أقلق بشأن اآلثار طوٌلة المدى ألدوٌتً

2

الحاجة إلى تناول الدواء تسبب لً القلق

3

أحٌانا أقلق من أن أصبح معتمدا جدا

4

أدوٌتً تعطل حٌاتً

5

أدوٌتً تعد لغزا بالنسبة لً
General-Overuse

1

إذا أمضى األطباء وقتا أطول مع مرضاهم ،لكانوا وصفوا لهم
أدوٌة أقل

2

األطباء ٌستعملون أدوٌة كثٌرة

3

األطباء ٌضعون كثٌرا من الثقة فً األدوٌة

4

العالجات الطبٌعٌة أكثر أمانا من األدوٌة
General-Harm

 1األدوٌة تسبب ضررا أكثر من النفع
 2الناس الذٌن ٌستخدمون الدواء ،علٌهم أن ٌتوقفوا عن استخدامه
بٌن الحٌن واآلخر
 3معظم األدوٌة تسبب اإلدمان
 4كل األدوٌة هً سموم
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أعارض

غٌر
متأكد

أوافق

أوافق
بشدة

Appendix (3) The Michigan Diabetes Knowledge Test (MDKT).
1

الحمٌة الغذائٌة لمرضً داء السكري هً:
*ب -الغذاء الصحً لكثٌر من الناس

أ -الغذاء الذي ٌتناوله كثٌر من الناس
ج -الغنً بالكربوهٌدرات لكثٌر من الناس
2

أي من االتً ٌعتبر االغنً بالكربوهٌدرات؟
أ-الخبز

3

ج -االجبان

ب-الدجاج

*د -البطاطا المسلوقه

أي من االتً ٌعتبر االغنً بالدهون؟
*أ -حلٌب قلٌل الدسم

4

د -الغنً بالبروتٌن لكثٌر من الناس

ب -عصٌر

ج -البرتقال

د -الذرة

ه-العسل

أي من األتً ٌعتبر طعام حر ؟
أ -الطعام الغٌر محلً ب-أي طعام من نظام الحمٌة

ج-أي طعام ٌحتوي عبارة "خالً من السكر"

*د -أي طعام ٌحتوي علً أقل من  20سعره حرارٌة فً الوجبة الواحدة
5

اختبار خضاب الدم السكري ) (HbA1cهو مقٌاس لمتوسط الجلوكوز فً الدم فً وقت سابق ب:
أٌ-وم

6

ب -أسبوع

*ج 6-10 -أسابٌع

ما هً أفضل الطرق لقٌاس مستوي الجلوكوز بالدم؟
أ-اختبار البول

*ب -اختبار الدم

ج -اختبار البول أو اختبار الدم
7

د -كالهما متساوٌان وجٌدان

ما هو تأثٌر عصٌر البرتقال الغٌر محلً علً مستوي الجلوكوز بالدم؟
أٌ-قلله

8

ج -ال ٌؤثر علٌه

*بٌ -زوده

أي من األتً ٌجب أن ال ٌستخدم فً عالج انخفاض مستوي السكر بالدم؟
أ -الحلوى القاسٌة

ب -نصف كوب من عصٌر البرتقال

*ج -كوب من الحمٌة
9

ج-ال ٌؤثر علٌه

بٌ -زوده

سبب اإلصابة بالعدوى من المرجح أنه ٌعود إلً:
*أ-زٌادة السكر بالدم

11

د -كوب حلٌب خالً من الدسم

ما هو تأثٌر ممارسة التمارٌن الرٌاضٌة علً مستوي السكر بالدم عند شخص متحكم بمستواه؟
*أٌ-قلله

10

ب-انخفاض مستوي السكر بالدم

ب-تدلٌك القدمٌن بالكحول ٌومٌا

ج-نقع القدمٌن لمدة ساعة ٌومٌا

ج -أمراض العٌون

ب-أمراض الكلً

*د -أمراض القلب

التنمٌل والوخز ٌعتبران من أعراض:
أ-أمراض الكلً

14

د -شراء الحذاء بمقاس أكبر من اللزوم

تناول االطعمه قلٌلة الدهون ٌقلل من خطر اإلصابة ب
أ-األمراض العصبٌة

13

ج-عدم تغٌر مستوي السكر بالدم

ما هً أفضل طرٌقة للعناٌة بالقدمٌن؟
*أ-مالحظة القدمٌن وغسٌلهما ٌومٌا

12

د 6 -شهور

ج -أمراض العٌون

*ب-األمراض العصبٌة

د -أمراض الكبد

أي من األتً عادة ما ٌكون غٌر مرتبط بمرض السكري:
أ-مشاكل الرؤٌة

ب-مشاكل الكلً

ج-مشاكل األعصاب
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*د-مشاكل الرئة

Appendix (4) Demographic and clinical information about the participants.
...................................................................

1

العمر(سنه)

2

الجنس

ذكر ( )

3

الوزن (كجم)

( )

4

الطول (م)

( )

5

مستوي التعميم

أمي

6

الحالة االجتماعية

متزوج/ة ( )

7

الدخل الشهري

أقل من  1500شيكل ( )

من -1500إلي أقل من ) ( 2500

من  -2500إلي أقل من ) ( 3500

من  -3500إلي أقل من ) ( 4500

8

حالة التدخين

أنثي ( )

ثانوي ( )

( ) إعدادي ( )
أعزب ( )

مطمق/ة ( )

أكثر من  4500شيكل ( )
حاليا مدخن ( )

دبموم ( ) جامعي ( )
أرمل/ة ( )

حدد ..................
مدخن سابق ( )

لم يدخن ( )

9

هل تمارس الرياضة ؟

نعم ( )

ال ( )

10

هل تتبع حمية غذائية معينه؟

نعم ( )

ال ( )

11

هل يوجد لديك أمراض

نعم ( ) حدد................................

ال ( )

مصاحبة لداء السكري ؟
12

عدد أدوية داء السكري

( )

13

مدة داء السكري ( سنه)

( )

14

مضاعفات األوعية الدموية

القمب التاجي( )

قصور القمب ( )

الكبرى
15

أسماء أدوية السكري المتناولة

.............................................................................

16

هل تتابع حالتك الصحية في

نعم ( )

ال ( )

17

هل تمقيت في السابق أي

نعم ( )

ال ( )

العيادة بشكل منتظم ؟

تعميم حول داء السكري ؟
18

هل تصل الطبيب بسهوله؟

نعم ( )

ال ( )

19

هل تمضي وقتا كافيا مع

نعم ( )

ال ( )

الطبيب؟
20

هل تتبع اإلرشادات حول داء

ال ( )

نعم ( )

السكري ؟
21

المصدر الرئيسي لألدوية

يتم شرائها من صيدليات خارج المستشفي ( )

مجانا من العيادة ( )

المستخدمة
22

هل تستخدم وسيمة معينة
لتذكير بموعد تناول الدواء؟

نعم ( )

ال ( )
التقويم ( )

إذا كانت إجابتك نعم

منبه الهاتف المحمول ( )

موعد الطعام ( )
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األقراص المتبقية

( )

صندوق األدوية ( )

23

هل تحصل عمي مساعدة من
احد لتذكر تناول أدوية داء

ال ( )

نعم ( )

السكري ؟
24

ال ( )

هل تقيس مستوي السكر بالدم نعم ( )
بشكل منتظم بالبيت؟

25

القياس األخير ل اختبار
خضاب الدم السكري
) (HbA1c؟

..............................................................................
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Appendix (5) Medical record.
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Appendix (6) Approval letter from Faculty of Pharmacy.
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Appendix (7) Approval letter from Helsinki committee in Palestinian Health Research
Council.
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Appendix (8) Approval letter from the Ministry of Health.
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