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Abstract
Type 2 diabetes mellitus and its complications is increasingly prevalent in Sri Lanka,
imposing a serious health issue. This study assessed the effectiveness of one-to-one
diabetes management education based on a patient education model for glycaemic
control to establish if education intervention utilising the Health Education Impact
Questionnaire resulted in knowledge improvement.
Aim
The aims of this study were; to examine the impact of a culturally appropriate,
pharmacist delivered, health-education program on patient diagnosed with diabetes
medication and condition self-management through an education intervention to
improving their glycaemic control and delay disease complications; and to validate the
Sinhalese translated heiQTM appropriateness in measuring the current health education
level and the impact of the education intervention provided to Sri Lanka T2DM
patients.
Design and methods
The study was designed as a prospective, non-experimental control group study.
The repeated health-education interventions group was compared to the nonintervention group at baseline, followed up at six and 12 months. The intervention
group was further randomised in to subgroups A and B to determine the effect of
the repeated education. The improvements in knowledge using health education
impact questionnaire (heiQTM) and glycaemic control by level of HbA1c as
primary outcomes together with other biomarkers (systolic and diastolic pressure,
lipid profile, body mass index (BMI), waist circumference, weight)

xxvii

determined using the questionnaire, laboratory testing and investigator measurements
at baseline, at six and twelve months follow-up. Comparison of baseline values,
changes and comparisons of groups and sub group level differences in follow up were
analysed using t test, chi square, analysis of variance and covariance.
Results
Out of the total study sample (n=152 participants) there were more female participants
(108, 71%) than male (44, 30%) across the entire sample.
There was a significant reduction (15.9%) in HbA1c level in the intervention group
after participants received education on self-management. In subgroup B (with
repeated education) 37.2% participants achieved HbA1c level of 6.5mmol/L or below,
while only 27.7% in subgroup A (with single education intervention) achieved the
same level.
The intervention group compared to the non-intervention group had a statistically
significant improvement in total cholesterol, LDL cholesterol, triglycerides, systolic
and diastolic pressure and BMI, while no significant differences were achieved in
weight and waist circumference.
The greatest effect size (≥ 0.8) was found in health directed behaviour, positive and
active engagement in life and health service navigation, while a medium effect size
(0.5-0.8) was recorded in constructive attitudes and approaches, skills and technique
acquisition, social integration and support and emotional wellbeing with respect to the
impact on health education in the intervention group compared to usual care group
with no education intervention.

xxviii

Discussion and Conclusion
It is imperative for pharmacists, as both health educator and provider, to deliver healtheducation programs that are tailored to the individuals’ needs and patient centred.
Patients experienced a reduction in HbA1c level at 6 months and twelve months
compared with the control group (usual care, no education intervention). The findings
of this study demonstrated the suitability of a one-to-one structured education program
for type 2 diabetes patients. Further, this study revealed that the Sinhalese translated
version of the heiQTM questionnaire was sensitive and accurate in assessing knowledge
improvement among the Sri Lankan participants with type 2 diabetes with the positive
impact on all domains of the health education impact questionnaire assessed. All other
biomarkers were improved in the intervention group compared with the nonintervention group.
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Executive Summary
The context of the research described in this thesis is the management of type 2
diabetes mellitus (T2DM) through patient education on lifestyle modifications among
Sri Lankans. T2DM is a chronic condition that has become a major health concern for
government and healthcare providers. Most chronic conditions have both nonmodifiable (genetic predisposition, pre-existing conditions) and modifiable risk factors
that control disease prognosis and lead to poor or good quality of life. The thesis
consists of ten chapters outlining the effect of one to one patient education to
successfully control T2DM, and improve patient knowledge on diabetes and adherence
to medication for enhancing the quality of life.
Chapter I focus on non-communicable disease (NCDs) burden and the action plan of
world health organisation. This chapter includes the prevalence of NCDs and
significance of NCDs in Sri Lanka.
Chapter II presents background about the burden of diabetes and the primary care
system that provides for people with diabetes, highlighting the need for diabetes
management through lifestyle modification and patient education. This chapter
includes the literature review on the assessment of the effectiveness of interventions
designed for patient education to improve the quality of diabetes care and
management. It identifies the evidence which were used to develop the study
hypothesis and aims. This review of international literature is important in
understanding the relative importance of different methods and models of patient
education that could be adopted for this research.
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Chapter III provides a brief description of the extent of the diabetes burden in Sri
Lanka. It establishes the rationale and the justification for further research in patient
education on self-management of patients with T2DM in Sri Lanka, and provides
background on the aims of the thesis.
Chapter IV provides a brief description of the provinces and sites in which the study
was conducted, the study design and methods, including ethics approval, participant
selection criteria, record keeping, protocols and procedures used in the clinical
intervention, data collection and analysis method. It also includes an explanation and
rationale for the methodological choices.
Chapter V presents the demographics, disease biomarkers and lifestyle parameters of
the participants based on baseline data collected at the initiation of the data collection
period using the interviewer administered questionnaires and an audit of clinical
medical records.
Chapter VI and VII provide an overview of the baseline analysis, and results of sixmonth and 12-month interventions for the selected patient groups. The analysis
comprised the comparison of study findings based on each phase at initiation, six
months and 12 months with further elaboration about the intervention subgroups.
Chapter VIII describes the effect of health-education intervention through analysis of
the results of the Health Education Impact Questionnaire (heiQTM) and the effect of
patient education on improving the knowledge and behaviour on self-management of
diabetes. The findings summarised in this chapter are based on an analysis of
covariance and variance on repeated measures, and the guidelines provided by the
heiQTM developer.
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Chapter IX discusses the findings of the study based on the hypothesis made. It
emphasises the applicability of the study findings to current research practice in Sri
Lanka, the South-East Asian region and internationally. The main finding was the
relationship between the improvement in health education level and the improvement
of glycosylated haemoglobin (HbA1c) levels. The study also found that the frequency
of delivering health education (baseline or 6 monthly) did not significantly change the
outcome of HbA1c levels. This result suggests that 12 months is a reasonable period
of time for repeating the education considering the resources that were required to
remind participants to attend appointments.
Chapter X provides the concluding remarks for the study. It summarises the principal
research findings, identifies strengths and weaknesses of the study, and presents
practical implications and recommendations for future studies.
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Chapter I – Introduction
The prevalence of chronic diseases (CDs) shows substantial disparities across the
socioeconomic spectrum. Recent data show that non-communicable diseases (NCDs),
also known as CDs, kill more than 38 million people each year and 16 million occur
before the age of 70 (World Health Organization, 2015). Out of these NCDs, threequarters of deaths (28 million) occur in low and middle-income countries. Unlike
communicable diseases, NCDs are not short lived, but are of long duration and
generally with slow progression (Figures 1, 2 & 3) (World Health Organization, 2011a,
2015).

Figure 1: Global status of disease burden by World Bank income group and sex, 2008
Source: World Health Organization, Global Status Report on NCDs (2010).
Available at, http://www.who.int/nmh/publications/ncd-status-report-2014. Retrieved November 2014
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Figure 2: Deaths attributed to main risk factors by country income level, 2004
Source: World Health Organization, Global Health Risks (2009), Available at
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf. Retrieved
on: November 2014

Figure 3: Percentage of disability-adjusted life years attributed to leading risk factors by
country income level
Source: World Health Organization, Global Health Risks (2009), Available at
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf. Retrieved
November, 2014

Risk factors contributing to NCDs vary and may include, but are not limited to,
unhealthy diet, physical inactivity, exposure to tobacco smoke or the effects of the
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harmful use of alcohol and other lifestyle factors (World Health Organization, 2015).
This is significant in low and middle socioeconomic countries as it reduces the
society’s labour force for overall economic output and may lead to considerable burden
on health care and welfare systems, as well as having a macroeconomic effect on
labour market performance (Zhang, Zhao & Harris, 2009). It is thus crucial to evaluate
the economic and social consequences of this growing trend. Few recent studies have
been conducted to determine socioeconomic consequences on NCDs. Zhang et al.
(2009) posit that diseases are exogenous determinants of labour outcomes and consider
that diabetes and cardiovascular diseases (CVDs) might simultaneously influence
participation in the labour force. Their study found that having diabetes and CVD may
potentially be attributable to self-justification of unemployment behaviour.
Nations should therefore develop strategies to provide management frameworks and
principles for care, including patient education and self-management (Beaglehole et
al., 2011). This should not be done in isolation, but along with the development of
other aspects of healthcare system development, strategic planning, and health policies
and guidelines (Dennis et al., 2008). Implementation of those strategies will require
further research and capacity building in the healthcare workforce and services
(Dennis et al., 2008).
To develop any strategy to manage NCDs, it is important to understand its aetiology
and consider the following NCD features:
-

multiple risk factors and determinants (Figure 4)

-

significant latency periods

-

protracted clinical causes
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-

functional impairment or disability.

These causal factors interact at individual and population levels to determine the
degree of disease burden and illness, and the behavioural and familial risks that can be
passed on through families, communities, and populations following demographic
gradients (Beaglehole et al., 2011; Dennis et al., 2008).

Figure 4: Main modifiable risk factors associated with the top four non-communicable
diseases
Source: Available at: http://www.who.int/ncdnet/about/4diseases/en/. Retrieved November 2014

The World Health Organization (WHO) identified priority action areas for the NCD
global crisis, labelling NCDs as one of the major barriers to world development
(Figures 5 and 6). They developed a seven-year (2013–2020) Global NCD Action Plan
with policy options to be implemented focusing on four modifiable risk behaviours
associated with four main diseases: CVD, cancer, diabetes and chronic respiratory
diseases (World Health Organization, 2013a). The global strategy for the prevention
and control of NCDs objectives can be summarised as follows:
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-

Raising the priority to address NCDs at global, regional and national levels, and
integrating NCD prevention and control into policies through strengthened
international cooperation and advocacy.

-

Accelerating countries responses to the prevention and control of NCDs through
strengthening national capacity, leadership, governance, multi-sectoral action and
partnership.

-

Reducing modifiable risk factors for NCDs and underlying social determinants
through creation of health-promoting environments.

-

Strengthening and orienting health systems to address prevention and control of
NCDs and the underlying social determinants through people-centred primary
health care and universal health coverage.

-

Promoting and supporting national capacity for high-quality research and
development for the prevention and control of NCDs.

-

Monitoring the trend and determinants of NCDs and evaluating progress in their
prevention and control.
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Figure 5: The association of major modifiable risk factors on four preventable noncommunicable diseases
Source: Available at: http://www.who.int/nmh/publications/ncd-infographic-2014.pdf. Retrieved May
2015

Figure 6: Nine targets for the non-communicable disease Global Action Plan 2015
Source: Available at: http://www.who.int/nmh/publications/ncd-infographic-2014.pdf. Retrieved May
2015

However, patients with comorbidity of diabetes, CVD or chronic respiratory disease
are at greater risk of experiencing physical disability or impairment. Therefore,
maintaining functional capacity should be an important objective of the care for these
patients (McDowell, Courtney, Edwards & Shortridge-Baggett, 2005).
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The Global Strategy on Diet, Physical Activity and Health (World Health
Organization, 2004, pg 2) states that a “profound shift in the balance of the major
causes of morbidity and mortality has already occurred in the developed countries and
is underway in many developing countries”. Further, 57th World Health Assembly
delegates had in-depth discussion about NCD risk factors, stating the comorbidity of
NCDs is becoming more frequent and, in general, more people are becoming at risk
(World Health Organization, 2004b). Preventive strategies should therefore prioritise
reducing risks in people who are not already diagnosed with the diseases (World
Health Organization, 2004b). Such risk reduction, even if modest, cumulatively yields
sustainable benefits that exceed the impact of interventions restricted to high-risk
individuals with acute presentation (World Health Organization, 2004b). Healthy diet
and physical activity, together with tobacco control, constitute an effective strategy to
contain the mounting threat of NCDs as specified in the global health surveillances of
the World Health Strategic Action Plan issued in 2011(World Health Organization,
2011a).

Prevalence of non-communicable diseases in developing countries
In 2002, a media release from WHO director-general, Doctor Gro Harlem Brundtland
(office term 1998–2003) stated, “These are dangerous times for the wellbeing of the
world. In many regions, some of the most formidable enemies of health are joining
forces with the allies of poverty to impose a double burden of disease, disability and
premature death on many millions of people. It is time for us to close ranks against
this growing threat” (World Health Organization, 2002).
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In most of the South-Asian countries, there is an obvious struggle with the
socioeconomic gap between the rich and poor, in which the majority fall in the
underprivileged group. Thus, both over eating and undernutrition are serious health
concerns, as shown in Figure 7 (Jayawardena, Byrne, Soares, Katulanda & Hills,
2013).

Figure 7: Percentage of total deaths attributed to chronic non-communicable diseases, SouthEast Asian Region, 2008.
Notes: DPR Korea = Democratic People’s Republic of Korea.
Source: World Health Organisation Global Health Observatory, Country Statistics. Available at:
http://www.who.int/gho/countries. Retrieved on 21 May 2015

In 2011, the 66th session of the United Nations (UN) declaration listed CVD, cancer,
chronic lung disease and diabetes as being responsible for three of every five recorded
deaths globally and being the cause of socioeconomic harm, particularly in developing
nations (United Nations, 2012). It further addressed the prevention and control of
NCDs worldwide, with a focus on challenges such as social and economic impacts,
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particularly in developing countries (United Nations, 2012). This document further
highlights the need for engagement of all local sectors to participate in control and
prevention of NCDs by developing their own national level plans in context of the UN
report (Figure 8) (United Nations, 2012).

Figure 8: Top ten causes of deaths among low-income countries
Source: World Health Organization, Non-Communicable Diseases,
Available at: http://www.who.int/mediacentre/factsheets/fs310/en/index1.html. Retrieved September,
2015

Significance of non-communicable diseases in Sri Lanka
There is increase in CDs worldwide, although NCDs have become epidemic in the
South-Asian region. Sri Lanka is one of the developing countries in the South-Asian
region where NCDs, especially diabetes, has become epidemic (Jayawardena et al.,
2013).
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Physical inactivity is one of the common modifiable risk factors for CDs, contributing
6% of deaths globally, and identified as the fourth leading risk factor for mortality due
to CDs (Ghaffar, Reddy & Singhi, 2004). The relationship between the shift from
traditional life and inactivity was not sufficiently studied in Sri Lanka until Weliange’s
study reported on the changing trend in the pattern of diabetes. The study concluded
that the mortality rate in Sri Lanka increased rapidly during recent decades, especially
in the urbanised population, although no particular group (based on socioeconomic
and demographic) was more affected than the others (Weliange, Fernando &
Gunathilake 2014).
The top four causes of death in Sri Lanka are CVDs, respiratory conditions, cancers
and diabetes (World Health Organization, 2014). NCDs accounted for 75% of total
deaths of all ages and genders.
Tables 1 and 2 describe the adult risk factors and the national system response to NCDs
based on the 2013 Country Capacity Survey (CCS), which was collated in Excel™
(Microsoft Office) from NCD focal points within the Ministry of Health (MOH) or a
national institution or agency in all WHO Member States (194 countries). This was
further reviewed, and contributed to the development of the objectives of the second
Global NCD Action Plan (World Health Organization, 2013a).
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Table 1: Adult risk factors and national system response to non-communicable diseases in
Sri Lanka
Adult risk factors
Current tobacco smoking (2011)

Males
32%

Females
<1%

Total
15%

0.3

3.7

Total alcohol per capita
consumption, in litres of pure
alcohol (2010)

7.3

Raised blood pressure (2008)

30.5%

26.2%

28.2%

Obesity (2008)

2.6%

7.4%

5.1%

Table 2: National system response from the 2013 non-communicable diseases Sri Lankan
Capacity Survey
National Systems response to NCDs
Has an operational NCD unit/branch or department within the Ministry of
Health, or equivalent
Has an operational multi-sectoral national policy, strategy or action plan
that integrates several NCDs and shared risk factors
Has an operational policy, strategy or action plan to reduce physical
inactivity and or promote physical activity
Has an operational policy, strategy or action plan to reduce the harmful
use of alcohol

Yes

Has an operational policy, strategy or action plan to reduce burden of
tobacco use

Yes

Has an operational policy, strategy or action plan to reduce unhealthy diet
and or promote healthy diets
Has evidence-based national guidelines/protocols/standards for the
management of major NCDs through a primary care approach

Yes

Has an NCD surveillance and monitoring system in place to enable
reporting against the nine global NCD targets

No

Has a national, population-based cancer registry

No

No
Yes
Yes

Yes

The information in these tables emphasises that the essential components of any
worldwide effort to combat NCDs must include accurate health surveillance
information. Building the national health system infrastructure to be able to monitor
NCDs and their underlying risk factors is fundamental to sustaining long-term
prevention measures (Alwan et al., 2010). Sacco’s study provides further evidence by
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suggesting the inclusion of a country’s NCD national data in demographic and health
surveys for better understanding of the disease burden (Sacco et al., 2013).
The WHO plays an important role in promoting global action against NCDs compared
to all other organisations. The WHO (World Health Organization, 2008) requested that
Member States must consider:
1. Introducing different policy instruments, such as fiscal and taxation policies, and
controlling them by combining healthy public policies that empower the
community to create a better environment for healthy lifestyles and to develop a
national policy framework.
2. Introducing programs that educate about the global strategy for the prevention and
control of major NCDs.
3. Promoting the effectiveness of secondary and tertiary prevention by sharing their
national experiences for the development, implementation and evaluation of
programs on prevention and control of NCDs.
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Chapter II Diabetes
Diabetes is a major and growing NCD affecting more than 180 million people
worldwide, and it is estimated to increase to 592 million by 2035; the majority
expected to be T2DM in South-Asian adult populations (Guariguata et al., 2014; World
Health Organization, 2013b).
WHO defines diabetes as “a chronic NCD that occurs when the pancreas does not
produce enough insulin, or when the body cannot effectively use the insulin it
produces”. The current WHO diagnostic criteria for diabetes is, “patients with fasting
plasma glucose ≥7.0mmol/l (126mg/dl) or with 2h plasma glucose ≥11.1mmol/l
(200mg/dl)” as summarised in Table 3 (World Health Organization, 2006a, pg 3).

Table 3: World Health Organization summary of recommendations for diabetes diagnostic
criteria
Criteria

Test

Reference

Diabetes

Fasting plasma glucose
2-hour plasma glucose*

≥7.0mmol/l (126mg/dl)
or
≥11.1mmol/l (200mg/dl)

Impaired Glucose
Tolerance

Fasting plasma glucose
2-hour plasma glucose*

<7.0mmol/l (126mg/dl)
and
≥7.8 and <11.1mmol/l
(140mg/dl and 200mg/dl)

Impaired Fasting
Glucose

Fasting plasma glucose
2-hour plasma glucose*

6.1 to 6.9mmol/l
(110mg/dl to 125mg/dl)
and (if measured)
<7.8mmol/l (140mg/dl)

Notes: *Venous plasma glucose 2 hours after ingestion of 75g oral glucose load
If 2-hour plasma glucose is not measured, the status is uncertain as diabetes or impaired glucose
intolerance cannot be excluded
Source: Definition and diagnosis of diabetes mellitus and intermediate hyperglycaemia,
Available at http://whqlibdoc.who.int/publications/2006/9241594934_eng.pdf. Retrieved August 2016

However, based on pathophysiological conditions, patients diagnosed with diabetes
can be sub-categorised into several types, described in detail in the following sections.
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Type 1 diabetes
Type 1 diabetes mellitus (T1DM) is a condition that can arise from autoimmune
destruction of the beta (β) cells of the pancreas leading to the absence of insulin.
Generally, T1DM is common among children and adolescents, but its onset can still
occur in young adults. This can be further subdivided into two categories based on
aetiology as immune, the most common type, and idiopathic. Susceptibility appears to
involve a multifactorial genetic linkage, but only limited to 10–15% of a patient’s link
with positive family history (Dipiro et al., 2008).
Type 2 diabetes
T2DM is the most common type of diabetes, occurring as a heterogeneous disorder
that affects the young, middle aged and elderly. It is a complex disorder and an
individual’s risk reflects the influence of environmental factors and/or genetic
disposition. Thus, it is characterised by tissue resistance to the action of insulin
combined with a deficiency in insulin secretion (World Health Organization, 2016). In
these patients, insulin secretion progressively decreases over time. Although insulin is
produced by the β cells in these patients, it is inadequate due to resistance (Bennett &
Brown, 2003). Impaired insulin action also affects fat metabolism, resulting in
increased free fatty acid (FFA) flux, triglycerides (TGs) levels and reciprocally low
levels of high density lipoprotein (HDL) that leads to increased risk of developing
macrovascular complications (World Health Organization, 2016). However, this
metabolic syndrome usually encompasses dyslipidaemia, high blood pressure (BP),
central obesity, and elevated plasminogen activator inhibitor type 1 (PAI-1) levels; the
precise pattern reflecting the heterogeneity of different phenotypes (Weerarathna,
2014, Dipiro et al., 2008)).
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As described in the International Federation of Diabetes Atlas 2013, diabetes affects
all countries. However, in low and middle-income countries, the prevalence of
mortality and morbidity is higher (International Diabetes Federation, 2013).
Consequently, early disability from diabetes places a heavy and a debilitating burden
not only on those affected, but on communities and economies as well. Thus, it has
been demonstrated that control of complications due to diabetes is a key issue for
optimal diabetes management (International Diabetes Federation, 2013).
In fact, the WHO highlighted that the prevalence of diabetes is expected to escalate
because of the continuing rise of risk factors that contribute to the development of
T2DM (World Health Organization, 2013a). To overcome this burden, the WHO
diabetes program (World Health Organization, 2013a) has been developed to assist
developing nations to reduce the cost of developing new programs aiming to:
-

Oversee the development and adoption of internationally agreed standards and
norms for the diagnosis and treatment of diabetes, its complications and risk
factors.

-

Promote and contribute to the surveillance of diabetes, its complications and
mortality, and its risk factors.

-

Contribute to building capacity for the prevention and control of diabetes.

-

Raise awareness about the importance of diabetes as a global public health
problem.

-

Act as an advocate for the prevention and control of diabetes in vulnerable
populations.
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Prevalence of type 2 diabetes
T2DM is the most common progressive CD, including other types of diabetes. The
short-term complications are debilitating; however, the long-term consequences
include serious micro and macrovascular complications. Symptoms of T2DM include:
-

excessive thirst

-

increased urination

-

feeling tired and lethargic

-

excessive hunger

-

delay in wound healing

-

more prone to itching, skin infections

-

blurred vision

-

gradual weight gain

-

mood swings

-

headaches

-

dizziness

-

leg cramps.

The main feature of T2DM is the insulin disorders, which might be resistance and/or
deficiency. The insulin deficiency in T2DM is progressive over time, such that the
high glucose levels usually worsen persistently over the years, requiring continued
acceleration of blood-glucose lowering therapy. In fact, increasing insulin deficiency
with age emphasises that diabetes can appear in older people, increasing their CVD
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risk. These risks can manifest as coronary artery disease including heart attacks,
angina, and peripheral artery diseases such as leg claudication, gangrene and carotid
artery diseases, for example, strokes (National Collaborating Centre for Chronic
Conditions, 2008).
Pathogenesis of type 2 diabetes
In normal fasting condition, 75% of total body glucose clearance occurs by depositing
glucose in non-insulin dependent tissues such as the brain, liver and gastrointestinal
tissues. Brain glucose uptake occurs in both fed and fasting periods at the same rate,
which is not affected by the T2DM condition (Figure 9). The remaining 25% of
glucose metabolism takes place in insulin dependent muscles, and 85% of this is
produced during the fasting state by the liver, with the remaining 15% by the kidney.

Figure 9: Target organs for insulin action
Source: Insulin target organs. Available at http://www.barterweb.net/exercise-ketosis-bloodsugar-glycogen-store. Retrieved July, 2016
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The hormone glucagon is produced by the pancreatic alpha (α)-cells and acts
oppositely to insulin by stimulating hepatic glucose production. Thus, it prevents
hypoglycaemia during the fasting state (Dipiro et al., 2008).
In the fed state, glucagon is suppressed due to the ingestion of carbohydrate, which in
turn increases the plasma glucose concentration, increasing insulin production from
the pancreatic β-cells. Consequently, insulin suppresses hepatic glucose production
and insulin uptake by peripheral tissues that are disposed in muscle, with a small
amount being metabolised by adipocytes (Stewart, 2008).
Glucose disposal
Fat tissue is responsible for only a small amount of total body glucose disposal, but it
plays a vital role in the maintenance of total body glucose homeostasis. A small
increment in plasma insulin concentration exerts a potent anti-lipolytic effect, leading
to a marked reduction in the plasma FFA level (Dipiro et al., 2008). The decrease in
FFA concentration results in increased glucose uptake in muscle and reduces hepatic
glucose production. Thus, a decrease in the plasma FFA concentration lowers plasma
glucose by both decreasing its production and enhancing the uptake in muscle (Dipiro
et al., 2008).
However, the pancreas in people with a normal-functioning β cell can adjust its
secretion of insulin to maintain normal glucose tolerance. In the T2DM condition,
decreased postprandial insulin secretion is caused by both impaired pancreatic β-cell
function and a reduced stimulus for insulin secretion from gut hormones (Bennett &
Brown, 2003). Thus, impaired insulin secretion is a uniform finding in T2DM patients
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and the evolution of β-cell dysfunction has been characterised in diverse ethnic
populations (Dipiro et al., 2008).
Sites of insulin resistance in type 2 diabetes
Insulin resistance in both muscle and liver is a characteristic feature of glucose
intolerance in people diagnosed with T2DM.
Liver

Insulin is secreted into the portal vein following glucose ingestion, and carried to the
liver, where it suppresses glucagon hormone secretion and reduces hepatic glucose
output (Dipiro et al., 2008). Patients diagnosed with T2DM fail to suppress glucagon
in response to eating a meal, and it can show a paradoxical rise in glucagon levels.
Thus, insulin resistance and hyperglucagonemia result in a continuous production of
glucose by the liver in T2DM patients (Dipiro et al., 2008), increasing glucose in the
postprandial state through diet as well as continuous production from the liver. These
sources of glucose combined with a shortened gastric emptying time can result in a
marked hyperglycaemia condition (Inzucchi et al., 2012).
Peripheral (muscle)

Muscle is the major site of glucose disposal in humans, with approximately 80% of
total body glucose uptake occurring in the skeletal muscles (Dipiro et al., 2008). In
response to a physiological increase in plasma insulin concentration, muscle glucose
uptake increases linearly; hence, the primary site of insulin resistance in T2DM
subjects resides in muscle tissue (Dipiro et al., 2008).
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Peripheral (adipocyte)

In obese persons, basal plasma FFA levels increase and fail to suppress after glucose
ingestion. There is an expanded fat cell mass, and the adipocytes are resistant to the
antilipolytic effects of insulin. The elevated plasma levels of FFA, as well as TGs or
fatty acyl coenzyme A can contribute to the development of insulin resistance in
muscle or liver, and impaired insulin secretion (Dipiro et al., 2008).
Glucose is a potent osmotic diuretic leading to increased loss of water (increased urine
output), resulting in most of the symptoms of diabetes, including dehydration,
polydipsia (thirst), polyuria (increased urination) and polyphagia (increased appetite)
(Bennett & Brown, 2003).
Risk factors for type 2 diabetes mellitus
Studies show the factors contributing to the overall probability of developing T2DM,
determined by the interaction between genetic and metabolic factors, are:
-

race or ethnicity

-

family history of diabetes

-

overweight and obesity

-

habitual physical inactivity

-

unhealthy diet

-

smoking

-

previously identified IGT or IFG

-

hypertension

56

-

HDL and/or TGs

-

previous history of gestational diabetes or delivery of a baby weighing more than
four kilograms (nine pounds) combined with older age

-

history of vascular disease

-

presence of acanthosis nigricans

-

polycystic ovary syndrome.

A study of the evaluation of common T2DM risk variants in a South-Asian population
of Sri Lankan descent found that most T2DM risk variants identified among Sri
Lankans were comparable to those in European populations (Hassanali, et al., 2014).
The 2016 WHO global report on diabetes states that overweight and obesity together
with physical inactivity cause a large proportion of the global diabetes burden. Obesity
is often associated with dyslipidaemia and hypertension (Weerarathna, 2014; World
Health Organization, 2004b, 2016). As the body fails to utilise glucose for the
production of energy, fats are used instead as the energy source (World Health
Organization, 2016). During metabolism, fat produces keto-acids as a by-product
leading to keto-acidosis (World Health Organization, 2016). However, symptoms
based on these conditions are more pronounced in T1DM and less marked or absent in
T2DM. Hence, a diseased person may go undiagnosed for several years, until
complications arise (World Health Organization, 2016).
Waist circumference and higher body mass index (BMI) are also associated with
increased risk of T2DM, although the relationship may vary among South-East Asians
due to the development of diabetes at a lower level of BMI than those of European
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origin. BMI proved not to account for factors such as age, gender, race, height, body
proportion (trunk to leg length and fat to non-fat tissue ratio) (Ramachandran, Ma &
Snehalatha, 2010).
Active (as distinct from passive) smoking is an important factor that increases the risk
of T2DM. Risk increases amongst heavy smokers, and those who have smoked for
more years. T2DM smokers have increased microvascular and macrovascular
complication risks (World Health Organization, 2016).
Gestational diabetes
Gestational diabetes mellitus (GDM) is defined as an abnormality in glucose levels
that is first recognised during pregnancy and more pronounced in the last trimester due
to insulin resistance. Women with GDM are at an increased risk of complications
during pregnancy and at delivery (overweight foetus). They are also at a risk of
continuing to have T2DM after giving birth.
Other specific types of diabetes
There are two other specific types of diabetes: genetic defects whereby several genetic
mutations in insulin receptors may be associated with insulin resistance and impaired
glucose tolerance (IGT) and impaired fasting glycaemia (IFG), which are intermediate
conditions in the transition between normality and diabetes. People with IGT or IFG
are at high risk of progressing into a pre-diabetes condition, although it is not a
certainty (World Health Organization, 2006).
Microvascular and macrovascular complications
Diabetes can lead to complications involving different body systems and organs,
increasing the risk of dying prematurely. These complications are divided into
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microvascular (due to damage to small blood vessels) and macrovascular (due to
damage to larger blood vessels) (World Health Organization, 2016). Microvascular
complications include damage to the eyes (retinopathy) leading to blindness, to
kidneys (nephropathy) leading to renal failure, and to nerves (neuropathy) leading to
impotence and diabetic foot disorders (which include severe infections leading to
amputation) (World Health Organization, 2016).
Macrovascular complications include CVDs such as heart attacks, strokes and
insufficiency in blood flow to legs (Rankin, Cooke, Elliot, Heller & Lawton, 2012).
Uncontrolled hyperglycaemia plays a major role in the poor prognosis of vascular
complications through many metabolic and structural disorders. Those metabolic
disorders include the over production of advanced glycation end products (AGE),
abnormal activation of signalling cascades (such as protein kinase C), elevated
production of reactive oxygen species (ROS), and abnormal stimulation of
hemodynamic regulation systems (such as the renin-angiotensin system) (Cade, 2008;
Rankin et al., 2012).
As described in the review on fundamentals of diabetes care (Fowler, 2008), T2DM
typically occurs when metabolic syndrome is initiated with central or abdominal
obesity, hypertension, hyperlipidaemia and increased coagulability.
Diabetic retinopathy
Diabetic retinopathy is one of the most common microvascular complications that can
cause blindness due to progressive damage to the small blood vessels in the retina.
According to the WHO fact sheet number 312, which was updated in January 2015,
diabetes is attributed in 1% of global blindness (World Health Organization, 2015).
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This has been identified as a cause of new onset blindness in industrialised countries
and a more frequent cause of blindness in middle-income countries (World Health
Organization, 2006b).
Diabetic nephropathy
Diabetic nephropathy is another complication leading to renal failure. Diabetic
nephropathy is defined as proteinuria greater than 500 mg in 24 hours of urine output
of a patient diagnosed with T2DM. Microalbuminuria is defined as a level of albumin
excretion between 30 to 300 mg in 24 hours of urine collection (Fowler, 2008; World
Health Organization, 2007). Thus, it is imperative that those with diabetic nephropathy
condition causing pathological changes to the kidney including increased glomerular
basement membrane thickness, micro-aneurysm formation; mesangial nodule
formation (Kimmelsteil-Wilson bodies) are diagnosed early and treated to prevent, or
at the least delay, poor prognosis (Fowler, 2008). There is a strong association between
blood-glucose control and the risk of developing diabetic nephropathy (Fowler, 2008;
World Health Organization, 2006).
Diabetic neuropathy
Diabetic neuropathy is considered one of the most common microvascular
complications seen in both T1DM and T2DM (Katulanda et al., 2012). Neuropathic
disorders in diabetes can impair functioning of the central, peripheral and/or autonomic
nervous systems (Fowler, 2008). The precise nature of injury to the peripheral nerves
from uncontrolled hyperglycaemia is still not fully understood and it is assumed that
it occurs due to the polyol accumulation and injury from AGE and ROS (Inzucchi, et
al., 2012).
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Peripheral neuropathy in T2DM may manifest in several different forms including:
sensory, focal or multifocal and autonomic neuropathies. According to recent research
findings, there is a considerable risk of morbidity and mortality due to diabetic
neuropathy (Katulanda et al., 2012). Thus, it is important that clinicians understand its
manifestations, treatment and prevention.
Macrovascular complications
Macrovascular complications such as coronary heart disease, cerebrovascular disease
and peripheral vascular disease are common chronic complications among T2DM
patients; however, they are not only specific to diabetes (World Health Organization,
2016). The main cause of macrovascular disease is the process of atherosclerosis,
which leads to narrowing of arterial lumen throughout the body. A study in 2012 found
that two-thirds of the diabetes patients die from CVD (Khunti, et al., 2012).
The United Kingdom (UK) National Institute for Health Care Excellence (NICE)
clinical guidelines for the management of T2DM in primary and secondary health care
states that platelet adhesion and hypercoagulability conditions have increased due to
atheroma formation among those with T2DM. Platelet aggregation can also be
promoted by the presence of impaired nitric oxide generation and increased free radical
formation in platelets, or due to changes in calcium regulation. Additionally,
fibrinolysis among patients with T2DM may be impaired, along with the increase of
PAI-1. All these conditions further increase the possibility of cardiovascular
complications and vascular occlusion occurring among T2DM patients (Fowler,
2008).
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In addition to microvascular and macrovascular complications, a negative attitude
towards adherence to therapy, poor disease self-management, coping difficulties,
depression, anxiety and eating disorders are common in patients diagnosed with
T2DM, which can contribute to poor overall health outcomes (Wu et al., 2011).
Depression comorbidity is associated with a decrease in blood-glucose level (BGL)
control, poor adherence to medication and poor diet, which further reduces the quality
of life and increases healthcare costs (Wu et al., 2011).
Research indicates that attitudes of patients and providers about the condition, therapy
and self-management of T2DM differs substantially (Wu, Tung, Liang, Lee & Yu,
2014), leading to patient confusion and patient-doctor conflict, which may in turn lead
to poor patient health outcomes (Halkoaho, Kangasniemi, Niinimäki & Pietilä, 2014).
However, new studies reveal that little is known about provider perception of patient
knowledge and understanding of their disease severity and consequences of nonadherence (Wu et al., 2014). Both Peyrot et al. (2005) and Wu et al. (2011) conclude
that better understanding by health providers of patients’ health education level needs
attention to improve the management of diabetes.
Diabetes treatment in some patients requires multiple medications, especially if the
patient also has comorbidity or has started to experience T2DM complications due to
poor glycaemic control (Russell, Ruppar & Matteson, 2011). Several research studies
reveal that adherence to medication is an important part of attaining excellent target
range glycaemic control and better clinical outcomes. Adherence to long term
therapies, as defined by the WHO, is “the extent to which the patient follows medical
instructions (implies that the patient is a passive, acquiescent recipient of expert advice
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as opposed to an active collaborator in the treatment process)” (World Health
Organization, 2003).
Poor adherence has a great effect on the finances, quality of life, physical, mental and
social functions of patients (Farsaei, Sabzghabaee, Zargarzadeh & Amini, 2011).
Some researchers argue that the one great barrier for adherence in middle and lowincome countries is the cost of medication; in some instance patients will not be able
to afford the key medications required for the treatment of their diseases or will omit
doses or protective medications to reduce the cost (Mendis et al., 2007). Moreover,
Delamater’s (2006) study found that due to poor adherence to their drug regimen,
achieving individualised glycaemic targets becomes hard in many cases. Further,
Delamater states that, in many instances where patients were adherent to their
medications, they were not adherent to lifestyle modifications. Based on Delamater’s
study, the following affect adherence:
-

demographic factors

-

psychological factors – perceived seriousness of diabetes, vulnerability to
complications, and the efficacy of the treatment

-

social factors– family relationships play an important role

-

healthcare provider and medical system factors

-

disease and treatment related factors

Although new and more effective diabetes medication and improved delivery systems
have been developed to increase medication adherence, the cost is higher than
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conventional medications, and even when used some patients failed to achieve their
blood-glucose target due to poor adherence behaviour (Delamater, 2006).
There are many causes of poor glycaemic control that indicate increased risk of
diabetes complications. However, some can be managed, reduced or prevented, such
as:
-

obesity

-

physical inactivity

-

uncontrolled BP

-

dyslipidaemia

-

smoking

Hence diabetes care is typically a complex and time-consuming process that needs
careful planning and organisation (Delamater, 2006).
Pharmacological intervention, glycaemic control and CVD management, including BP
control and lipids level remaining on target, can prevent associated symptoms, and
reduce the risk of vascular complications over time (Khunti, et al., 2012).
Several surveys on risk factors conducted across South-Asian countries have shown
high and rising rates of obesity, central obesity, elevated BGL, high BP and
dyslipidaemia in urban populations. Such trends also exist in rural populations, but are
lower in magnitude and less steep in the slope of change (Sayeed et al., 2003). This
may be influenced by life-style such as manual work in farming or fishing when
compared to sedentary life style in very crowded cities. The prevalence of T2DM is
affected by ethnicity (Katulanda, Rathnapala, Sheriff & Matthews, 2011). In Sri
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Lanka, remote rural areas lack government specialist medical clinics, and those clinics
available in urban areas are often overcrowded. Thus, both groups lack the essential
routine of physical examination and the management of risk factors (Katulanda,
Constantine et al., 2011). Katulanda, Constantine et al. (2011) further emphasise that
general practitioners (GPs) often lack empathy, are short of support staff and may
deliberately avoid requesting more effective tests (e.g. HbA1c) due to unaffordability
for patients.

Diabetes education
A significant reduction in diabetes-related complications has been recorded as a result
of diabetes education in a secondary care setting (Wong et al., 2015), and education is
considered an essential part of diabetes care. Diabetes education acknowledges patient
responsibility for day-to-day management of their diabetes (Rankin et al., 2012).
Diabetes education needs to be designed to empower patients to evaluate the impact
of multiple risk factors on their diabetes prognosis (Aujla, Stone, Taub, Davies &
Khunti, 2013). However, achieving optimal diabetes management at a population level
remains challenging. This issue was the main concern of Paul et al. (2013), who state
that, “despite the identified methodological challenges, the study provided valuable
outcomes on patient education, monitoring and improvement of healthcare in a
population level”.
Many published studies show that T2DM may no longer be limited to the adult
population, and that it is now affecting people of all ages. Hessler, Fisher, Mullan,
Glasgow & Masharani (2011) studied the relationship between age and T2DM. Their
study reveals that higher level of stress and diabetes-specific distress leads to poor self-
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management behaviours and lower diabetes self-efficacy. These findings suggest that
younger adult patients with T2DM may experience more stress and possible
depression, which may be reflected by their self-management behaviour. Further,
Hessler et al. highlight that there is a link between family support and disease selfmanagement.
A study by Atapattu and De Silva (2012) emphasises the effect of age on T2DM
management in children, and that the debilitating effect of the condition could reduce
their life expectancy and increase morbidity.
Hence, it has been suggested that education about self-management plays an essential
role in addressing belief about one’s health and one’s ability to adhere to therapy and
manage risks to improve one’s quality of life (Voigt, Hansen, Glindorf, Poulsen, &
Willaing, 2014). As stated by De Wit, et al. (2012), the key foundation for securing
self-psychosocial care is the use of effective psychosocial evaluation methods. The
necessity for lifestyle changes, the complexity of treatment and the side effects of
medication together make self-monitoring and education for people with T2DM the
centre of disease management (Rankin et al., 2012).
In another study, HbA1c level and body weight were significantly reduced in patients
diagnosed with T2DM after receiving health education when compared to the nonintervention group (Yuan, et al., 2014).
Self-management of diabetes
The WHO 2007 report states that improving self-management of chronic conditions
such as diabetes may have greater impact on an individual’s health than any
improvement to specific medical procedures (World Health Organization, 2007). As
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such, self-efficacy, acceptance of having the disease and self-awareness of the disease
are important components of self-management skills. Thus, improving such skills
helps people develop confidence in managing their condition effectively and makes
better use of healthcare consultation time (Speight, 2013). Few studies have adequately
described the multifactorial processes and outcomes that could enable the promotion
of optimal self-care (Speight, 2013).
Additionally, recent studies reveal that studying the impact of patient narratives on
self-efficacy and self-care behaviours provide a valuable component of T2DM selfmanagement programs. Self-management could be achieved through specific goaldirected behavioural strategies such as action plans or targets. An action plan is usually
based on agreed-upon strategies, including patient input regarding when, where and
how to perform specific goal-directed behaviours (Donald et al., 2012; Jarvis, Skinner,
Carey & Davies, 2010; Nadkarni, Kucukarslan, Bagozzi, Yates & Erickson, 2011)
With patient consent, it is beneficial that family members are informed of the nature
of the condition, its treatment, prognosis and the potential complications (Jarvis et al.,
2010). The needs of T2DM patients are not limited to adequate glycaemic control, but
also require a plan to prevent complications and disability. As stated by Shrivastava,
Shrivastava and Ramasamy (2013), self-care is “an evolutionary process of
development of knowledge or awareness by learning to survive with the complex
nature of the diabetes in a social context”. Their study further describes seven essential
self-care behaviours in people with T2DM that predict good outcomes:
-

healthy eating

-

being physically active
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-

monitoring of blood sugar

-

compliant with medications

-

good problem-solving skills

-

healthy coping skills

-

risk-reduction behaviours.

These behaviours have been found to be positively correlated with good glycaemic
control, reduction of complications and improvement in quality of life (Shrivastava et
al., 2013). This can succeed only if patients and healthcare providers can communicate
effectively (Shrivastava, et al. 2013). Recent studies have found that patients with
sufficient knowledge about their disease and medications will have a better
understanding of self-efficacy and have improved prognosis with fewer complications
(Campbell, Dunt, Fitzgerald & Gordon, 2013).
Self-care behaviours include making informed food choices, planning physical
activities, adherence to medications, performing daily foot care and checks, and daily
BGL monitoring (Shrivastava et al., 2013). Demographics (age, gender and comorbidities), socioeconomic factors (affordability of treatment and health care) and
social support can also be considered as positive contributors towards optimising
health outcomes (Massi-Benedetti, 2002).
The concept of self-efficacy, which is based on social cognitive theory, is an important
aspect of self-management. This theory describes the interaction between behavioural,
personal and environmental factors in health and CDs. The theory of self-efficacy
proposes that patient confidence in their ability to engage with certain behaviour

68

influences the outcome of that performed behaviour (Sarkar, Fisher & Schillinger,
2006).

Diabetes

self-management

incorporates

behavioural,

personal

and

environmental factors that contribute towards daily performance of recommended
activities. The concept of self-efficacy is relevant for improving self-management, as
summarised by Sarkar et al. (2006)
A similar study using structural equation modelling (SEM) analysis by Li, Inouye,
Davis and Araki (2013) posits that there are both direct and indirect effects of health
behaviour and depression on diabetes patients’ BMI, glycaemic control, quality of life,
and their general health.
Some studies have shown that the risk of progressing to T2DM can be reduced by
moderate to vigorous intensity physical activity along with diet and weight
maintenance (Krebs et al, 2012; Siyambalapitiya, Gunathilake & Perera, 2012). In
addition, as described by Speight, (2013), clinicians who discuss the emotional impact
of diabetes on the patient’s life with the patient, gain important insights about patient
concerns, fears and beliefs, which improves their outcomes. Many patients diagnosed
with T2DM feel overwhelmed, frustrated and alone in their diabetes condition and
require support (Li et al., 2013). Recent studies reveal that the impact of patient
narratives on self-efficacy and self-care behaviours in people with T2DM is a valuable
component of T2DM self-management programs (Campbell et al., 2013; Speight,
2013).
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The impact of health education and literacy on self-management of
diabetes
Although there are trials to assess the benefits of optimising glycaemic control among
T2DM patients, the incidence of hypoglycaemia is recorded as the most common
adverse drug event in practice (Huizinga et al., 2010). Recent research findings reveal
that hypoglycaemia is a more common condition among T2DM patients with limited
health education (Pignone, DeWalt, Sheridan, Berkman & Lohr, 2005). Similarly, The
Diabetes Study of Northern California (DISTANCE) study found an increased
occurrence of hypoglycaemia with limited health education (Sarkar et al., 2010).
WHO describes health literacy as “the cognitive and social skills and knowledge which
determine the motivation and ability of individuals to gain access to, understand and
use information and making critical health decisions to successfully manage their own
health” (World Health Organization, 2009). Health literacy is a measure of patient
ability to read, comprehend and act on medical instructions (Smith, Dixon, Trevena,
Nutbeam & McCaffery, 2009). As Osborne, Batterham, Elsworth, Hawkins and
Buchbinder (2013) describe in their study, the differences in health literacy abilities
may explain differences in patient outcomes under the same diabetes management and
therapeutic regimen.
However, another study concluded that “critical appraisal of health literacy indices
revealed variable underlying constructs, narrow content and psychometric
weaknesses,” which implies that there is limited evidence about the reliability and
construct validity of the health literacy measures (JE Jordan, Osborne & Buchbinder,
2011). This raises uncertainty about the impact of health literacy levels on an
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individual and population level, suggesting further studies in this area are required (JE
Jordan et al., 2011; Nutbeam, 2008).
There are a wide range of formal and informal models of self-management programs
providing patients with information and skills that enhance their ability to participate
in self-care. As such, self-management education programs are increasingly
recognised not only as an essential component of CD management, but also as part of
secondary prevention and a way of reducing the burden of CD on individuals and the
community (Osborne, Batterham & Livingstone, 2011). Osborne et al., (2011) further
emphasis that, to improve integration of care aspects, self-management support needs
to be incorporated as an integral aspect of health service redesign. This redesign
includes infrastructure and systems that are capable of ensuring appropriate uptake and
utilisation by key stakeholders – patients, carers, health professionals and healthcare
organisations (Table 4) (JD Jordan, Briggs, Brand & Osborne, 2008). Thus, all
processes should be compatible with the patient’s level of knowledge.
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Table 4: Key stake holder outcomes relating to effective self-management support
Patient-focused outcomes

Clinical- focused outcomes

Policy-focused outcomes

Diagnosis
Patient receives user
friendly information (e.g.
oral, written, multimedia)
about their new or ongoing
chronic conditions

Patient understands the longterm and variable nature of
chronic conditions, which
require multidisciplinary
input over time

Establishment of patientcentred care and a
partnership approach

Patient understands they have
the key role in the day-to-day
management of their
condition

Foundation set for effective
use of health professional
time, including who to
contact for further
information about services
available to them

Where necessary,
multidisciplinary care is
recommended and taken up

Effective use of Medicare
benefits scheduled items

Medicare benefits scheduled
items are considered and care
plans implemented
Patients are empowered to
engage in informed self-care

The system provides an
opportunity for patients to be
empowered to be engaged in
formal and informed selfcare in an ongoing way

Patient has a highlydeveloped understanding of
their treatment,
responsibilities and how to
optimise self-management
Patient returns to their clinic
at appointed times to receive
support

Use of healthcare services
optimised

Patient understands
implications of their
conditions for working,
caring for others, family
life and participation in
society
Management
Patient knows who their
main (primary) healthcare
professionals are, and what
additional treatments or
education they need
Patients feel safe and
supported to undertake
self-care activities (e.g.
blood-glucose assessment,
returning to work with
back pain)
Outcome
Self-management is
integrated into patient dayto-day life

Health is optimised

Patient only accesses a
healthcare professional for
planned management or
because of new events

Use of potentially
unnecessary services, such
as emergency departments,
minimised
Overall cost of treatments
reduced
Secondary prevention
embedded in patient
clinician and community
health interactions

Source: Enhancing patient engagement in chronic disease self-management support initiatives in
Australia: The need for an integrated approach. Joanne, E. J. Briggs, A.M. Brand, C.A. Osborne, R.H;
Med J Aust 2008; 189 (10 Suppl): S9.
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Incorporating all aspects and theories of self-care into a workable plan was cited in the
Osborne et al. (2011) study and published initially by the WHO 2005 white paper. The
self-management concept can be described as a document that enables the patient to
have access to “a set of cognitive and behavioural self-management skills” that may
improve their self-care behaviour (Osborne et al., 2011; World Health Organization,
2005, pg 2), including:
-

coping skills (i.e. managing emotions related to chronic conditions)

-

goal setting for specific and moderately challenging behaviours

-

self-monitoring (i.e. keeping track of behaviours)

-

environmental modification (i.e. creating a context to maximise success)

-

self-reward (i.e. reinforcing one’s behaviour with immediate, personal, and
desirable rewards)

-

arranging social support.

Diabetic patient need for self-management education
Self-management education programs are increasingly recognised not only as an
essential component of CD management, but also as part of secondary prevention and
a means of reducing the burden of CD on individuals and the community (World
Health Organization, 2015). Experience of drug interactions, polypharmacy, social
stigma and unawareness may be responsible for the poor adherence to therapy,
resulting in long-term complications of diabetes. Therefore, improving knowledge,
skills and self-management education can motivate a person to make and sustain
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lifestyle changes by addressing their health beliefs (Amarasekara, Fongaew, Turale,
Wimalasekara & Chanprasit, 2014).
However, a person with T2DM has many choices to make around their diet, physical
activity, foot and eye care, adherence to medications and monitoring their BP and
BGL. The consequences of patient choices can affect disease progression and overall
health outcomes. Jarvis et al. (2010) stated that a person with T2DM needs
predominantly to manage part of their own condition outside the healthcare setting
with minimal contact with healthcare professionals. Further, improving knowledge
and skills, and self-management education, can motivate a person to make and sustain
lifestyle changes by addressing their own health beliefs (Jarvis et al., 2010). The better
the disease prognoses are, the less psychological (e.g. depression) and physical
complications (CVD, renal and vision) are experienced by the patient, which may
contribute to better quality of life (Jarvis et al., 2010).
Epidemiologic data show that the prevalence of T2DM varies with ethnicity
(Baradaran, Knill-Jones, Wallia & Rodgers, 2006). Therefore, culturally competent
behavioural interventions should be the focus of major national initiatives when
carrying out research with the aim of developing culturally appropriate outcomes.
Translation of English to other languages must be carefully considered for cognitive
meaning and cultural context (Atak, Gurkan & Kose, 2008; Baradaran et al., 2006).
Empowering patients to self-manage diabetes through health education
To address challenges in access and cost of health services, many developed countries
have begun adopting self-management education programs (Morita, et al., 2013).
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Tan, Magarey, Chee, Lee and Tan (2011) state that to improve glycaemic control
patients need to undertake diabetes education and participate in active self-care
behaviours with the intention of managing their day-to-day therapeutic needs. Patient
intention is defined as a decision to perform useful health behaviour. Commitment to
perform useful health behaviour is demanding, as it can incur psychological and social
stress, which may result in further complications (Tan et al., 2011).
From the patient’s perspective, minimising the burden imposed by diabetes requires
an approach that ensures services are integrated, accessible and affordable (Tan et al.,
2011). For instance, patients diagnosed with diabetes with higher levels of active selfmanagement enjoy better health outcomes, are more engaged and more informed, and
confident and skilled in performing activities that promote their own health (Donald
et al., 2012). Other studies concluded that patients need to develop the intention of
specific goal-directed behaviours prior to actually performing those behaviours and
ultimately achieving the goal (Nadkarni et al., 2011; Tan et al., 2011).
The Living with Diabetes Study identified that the patient needs to better understand
the natural course of their illness (Donald et al., 2012). Campbell et al., (2013)
recognised that narrative communication shows promise as a valuable component of
T2DM self-management programs. Narratives are a means by which patient
knowledge acquired from the day-to-day management of their chronic condition can
be conveyed to those who are seeking answers. The same study describes narratives
as written or spoken expressions of a person’s lived experience. The spoken narrative
has traditionally been conveyed in face-to-face interactions with health professionals
or fellow patients (Campbell et al., 2013).
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Most structured diabetes self-management education programs aim to modify
behaviour to enable patients to successfully self-manage the disease, such as the one
by Donald and colleagues (Donald et al., 2012). Although their study provided
valuable outcomes, it was limited to a small number of participants, high withdrawal
rates, and lack of intention-to-treat analysis. The analysis was also restricted to the
positive findings of the research.
Structured education programs for patients with diabetes and other CDs are being
widely adopted in research (Frost, Garside, Cooper & Britton, 2014). In a recent study
by Frost et al., (2014) participant interaction during the structured education course
was observed. However, in an earlier study by Lawton and Rankin (2010) patients
often experienced feelings of isolation and inadequacy prior to their courses due to
limited contact with fellow patients, and their conventional and erroneous views of
how other people (successfully) cope with, and manage, their disease. Lawton and
Rankin further add that attending a group-based course created important opportunities
to share and compare experiences, receive empathy and support, and revise negative
self-concepts. These opportunities tended to lead patients to experience improvements
in wellbeing and quality of life.
Sperl-Hillen et al. (2011) showed that patients with long standing T2DM and HbA1c
levels of 7mmol/L or higher who received individual diabetes education had a greater
impact on HbA1c control than patients who received group diabetes education or were
assigned no education. These findings imply that there are several important
psychosocial and behavioural outcomes that combine with individual education.
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Most educational programs are unstructured, very few have been formally evaluated,
and few individuals who deliver education have been trained for this purpose (SperlHillen et al., 2011). However, there is insufficient evidence currently available to
recommend a specific type of education or provide guidance on the setting for, or
frequency of, sessions (Skinner, et al., 2006). It is worth noting that certain researchers
stress that there is a shortage of high-quality information regarding the efficacy of
structured self-management education in diabetes (Chaney, et al., 2012). A metaanalysis by Chaney et al. (2012) suggest that self-management education programs
with a theoretical rationale and cognitive reframing provide better outcomes than
unstructured programs. These studies therefore point to a need for a practical program
of education that maintains participant interest (Chaney, et al., 2012; Skinner, et al.,
2006).
Sperl-Hillen et al.’s (2011) comparative study on effectiveness of patient education
methods for T2DM further reveals that individual education for patients with
established sub-optimally controlled diabetes shows better outcomes than group
education.
Nolte, Elsworth & Osborne (2013) also encourage researchers towards one-to-one
structured education interventions, specifically for T2DM patients. Another study
provides additional evidence for the intervention carried out by a single person either
to a small group or on a one-to-one basis, with better results than when conducted by
different providers (Steinsbekk, Rygg, Lisulo, Rise & Fretheim, 2012).
The use of motivational interviewing and collaborative goal setting to facilitate selfmanagement support interventions delivered by healthcare professionals improves
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health outcomes of T2DM (Mitchell et al., 2011). Motivational interviewing is a
patient-centred counselling approach designed to enhance the patient’s intrinsic
motivation for behaviour change, based on exploring patient beliefs about perceived
difficulties in changing their behaviour (Davies et al., 2008). Behaviour change can be
achieved through health professionals imparting knowledge and insight, and providing
participants with training on how to incorporate new behaviours into their lives. This
can be done through a program with a clear theoretical basis and cognitive reframing,
delivered face-to-face (Mitchell et al., 2011; Schuler et al., 2013).
A qualitative study on diabetes-related health beliefs in the UK, South-Asian ethnic
groups based on focus groups, interviews and storytelling narratives suggested that the
health beliefs and practices of this population are heterogeneous and often related to
the religion of the individual (Khunti, et al., 2012). Patel, Kennedy, Chew-Graham,
Blickem & Bower (2012) and Khunti et al., (2012) found that storytelling methods
encouraged an empathetic response from participants, and were an effective way of
meeting the personal education needs of South-Asian people with diabetes.
Few studies have been conducted on patient education and diabetes self-management
in Sri Lanka. One of the most recent is Knowledge of diabetes among T2DM patients
attending a primary health care clinic in Sri Lanka by DP Perera, De Silva and Perera
(2013), which concludes that although overall knowledge about diabetes among Sri
Lankans was found to be adequate in some participants, generally there were critical
gaps in knowledge. The importance of self-management and knowledge about diabetes
complications was highlighted in their study. Another study found that evaluating the
level of diabetes knowledge of an individual patient utilising a basic questionnaire
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about their health literacy could provide the individual patient the knowledge they need
(Quandt et al., 2014). Since those studies were conducted at a single community
healthcare centre, the outcomes do not reflect general population knowledge, and
further studies are required in different settings to identify patient educational needs
and methods to improve their self- management of diabetes (DP Perera et al., 2013).
A systematic approach to self-management support through patient
education
Consideration of broader factors relating to financial, family, self-esteem, linguistic or
cultural reasons could preclude a patient from being able or willing to access programs
or services that can inform designing successful patient education programs. Figure 10
identifies the components necessary for patients to be effectively engaged with, and
participate in, self-management programs (JE Jordan et al., 2011).
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Figure 10: Critical components for individuals to participate in the management of chronic
conditions
Source: Jordan, J. D. B., A.M. Brand, C.A. Osborne, R.H,. (2008). Enhancing patient engagement in
chronic disease self-management support initiatives in Australia: the need for an integrated approach.
MJA ; , 189(10), S9-S13.

Schuler et al., (2013) study reveals that researchers need to evaluate outcomes that are
affected by the intervention compared to those who are without any intervention.
However, such effects are not necessarily possible to observe, especially if the
intervention is weak, the follow up is conducted after a period of time, and the
evaluation tool is problematic (Schuler et al., 2013). In response to this dilemma
Osborne, Elsworth and Whitfield (2007) developed the heiQTM to improve the
measurement of outcomes of health-education interventions. The tool was validated
and deemed to be user friendly, relevant and psychometrically sound (Schuler et al.,
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2013). According to Osborne et al.’s study, the process of developing the heiQTM
involved stakeholder interviews, concept mapping workshops, and extensive
calibration and validation phases in which the final set of items was tested on two large
community samples. Thus, the most important feature of the heiQTM is its extensive
range of questions and domains that enable the researcher to evaluate patient ability to
manage their CD irrespective of disease (Osborne et al., 2007). This could be applied
to broad range of CDs and different health settings by a range of users utilising
different methods of intervention (Belanger et al., 2015; Epstein, Osborne, Elsworth,
Beaton & Guillemin, 2015). This questionnaire has already been validated in a variety
of settings and languages. In Canada, it has been used for cancer patients, while in
Japan it was used to evaluate workplace health-education programs designed for
people with pre-diabetes to delay metabolic syndrome and prevent diabetes onset
(Epstein et al., 2015; Osborne et al., 2007). The study Adaptation and validation of the
Japanese version of the Health Education Impact Questionnaire (heiQ-J) for the
evaluation of self-management education interventions found that the heiQTM has
robust psychometric properties and appears to be a valid and reliable measure for the
evaluation of health-education programs (Morita, et al., 2013).
Most T2DM education materials primarily consist of written materials, mostly focused
on traditional teaching methods. With the advancement of technology, online access
to the education materials and diabetes care tools for self-management, became
convenient, and can be used by anyone regardless of geographic, economic or
demographic barriers (Heinrich et al., 2012).
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Pharmacist role in diabetes education
Patient education is a basis of optimal therapy of T2DM and other chronic conditions.
More involvement of patients in their care, self-management and improved adherence
will be achieved through patient education (Farsaei, Sabzghabaee, Zargarzadeh &
Amini, 2011).
A patient’s role combined with multidisciplinary approach is quite effective on patient
education in glycaemic control of T2DM: A randomised controlled study indicated
that a clinical pharmacist in a multidisciplinary diabetes care team has a vital role in
providing care and education for patients in the outpatient clinics (Farsaei,
Sabzghabaee, Zargarzadeh & Amini, 2011).
Linderenmeyer et al, 2006 review of five studies based on potential benefits of diabetes
care interventions conducted by pharmacists, based on patient education to improve
medication adherence, revealed the close professional trust relationship developed by
the pharmacist, contributed to integrated management of diabetes, improved adherence
and glycaemic control (Linderenmeyer et al., 2006)
In a study titled Diabetes Medication Assistance Service: The pharmacist’s role in
supporting patient self-management of T2DM in Australia explored the role of
community pharmacists in the management of T2DM. The study concluded that with
appropriate training, community pharmacists can offer diabetes education programs
on aspects including food intake, smoke cessation, exercise, weight loss and correct
medication use (Mitchell et al., 2011).
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Other health risks due to diabetes
The WHO report (World Health Organization, 2011b) states that changes in lifestyle
and diet have contributed to an increased prevalence of diabetes in many low-income
and middle-income countries where the burden of tuberculosis is also high. This
disease comorbidity is a serious and growing challenge for health systems.
Another diabetes complication is poor periodontal health (Preshaw et al., 2010). Their
study describes the reasons for poor periodontal status in patients diagnosed with
T2DM compared to non-diabetic controls, and shows that there is a need to further
investigate if there is similar presentation of poor periodontal health in rural
communities in Sri Lanka.
People with T2DM have a high risk of getting secondary osteoporosis (Ha, Hu, Petrini
& McCoy, 2014). Some studies found that patients with poorer glycaemic control
experience greater bone loss than those whose diabetes is under control (World Health
Organization, 2016). As revealed by Ha et al. (2014), little attention has been paid to
enhancing knowledge and lifestyle modification for osteoporosis prevention among
adults with T2DM. Overall, it is important to consider co-morbidities common in
patients with T2DM when designing and conceptualising diabetes self-management
programs (Speight, 2013).

Importance of biomedical markers in diabetes management
Monitoring of metabolic markers help in the evaluation of treatment responses of
patients. Metabolic biomarkers include lipid profile, BGL, HbA1c, and disease
markers such as BP are essential in the clinical management of patients with diabetes.
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The findings from the Australian Type 2 Diabetes Risk study (Fernandez & Frost,
2013), which involved 6,000 adults, were validated in two other Australian studies
(Cugati, Wang, Rochtchina & Mitchell, 2007; Grant, et al., 2006). These three studies
predicted the patient five-year risk of diabetes based on nine determinants: age, gender,
ethnicity, parental history of diabetes, history of hypertension, use of anti-hypertensive
medications, smoking (including history of smoking), physical inactivity and waist
circumference.
BMI has been the more common measurement used to determine the risk of obesity.
Table 5 summarises the major BMI groups based on the WHO global database on BMI
(World Health Organization expert consultation, 2014a). BMI is defined as the weight
in kilograms divided by the square of the height in metres (kg/m2) (World Health
Organization expert consultation, 2004a). The values of BMI are age-independent and
are same for both sexes and different ethnicities. Additionally, BMI does not indicate
fat distribution. Accordingly, the interpretation of BMI grading in relation to risk may
differ for different populations.
In recent years, there has been a growing debate on whether there is a possible need
for developing different BMI cut-off points for different ethnic groups due to the
increasing evidence that associations between BMI, percentage of body fat, and body
fat distribution differ across populations (Katulanda, Rathnapala et al., 2011; World
Health Organization expert consultation, 2004a).
The World Health Organization expert consultation (2004a) concluded that the
proportion of Asian people with a high risk of T2DM and CVD are substantial at a
BMI lower than the existing WHO cut-off point for overweight (25 kg/m2).

84

Table 5: The international classification of adult body mass index
Classification

BMI(kg/m2)
Principal cut-off points

Additional cut-off points

Underweight

<18.50

<18.50

Severe thinness

<16.00

<16.00

Moderate thinness
Mild thinness

16.00–16.99
17.00–18.49

16.00–16.99
17.00–18.49

Normal range

18.50–24.99

18.50–22.99
23.00–24.99

Overweight
Pre-obese

≥25.00
25.00–29.99

≥25.00
25.00–27.49
27.50–29.99

Obese

≥30.00

≥30.00

Obese class I

30.00–34.99

30.00–32.49
32.50–34.99

Obese class II
Obese class III

35.00–39.99

35.00–37.49

≥40.00

37.50–39.99
≥40.00

High BMI may be attributable to high skeletal muscle mass rather than body fat, where
waist circumference changes are mostly due to abdominal fat (Brown, 2009). This is
evidenced by another study that explored the positive association of central abdominal
fat with insulin resistance (Aujla et al., 2013). Measurement of waist circumference is
easy and reproducible with minimal clothing removal. The importance of
determination of waist circumference is discussed by Fernandez and Frost (2013),
concluding that waist circumference is more accurate in predicting insulin resistance.
Waist circumference is a better estimate of visceral fat, which coats organs such as the
heart, kidneys, liver, digestive organs and pancreas. Carrying excess body fat around
the middle of the body which includes a complex array of tissues including visceral
adipose tissue (VAT), subcutaneous fat, muscle, abdominal organs and bony structures
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is more of a health risk than if the weight is on the hips and thighs, and can increase
the risk of heart disease and stroke (Aujla et al., 2013,Brown, 2009).
It has an association with abdominal fat, Thus, some researchers argue that VAT
measurement is an accurate replacement for BMI, particularly when more obese
subjects are included (Aujla et al., 2013).
Another study, by Huang, Liao and Hsu (2012), concludes that waist circumference is
a stronger predictor of diabetes risk than BMI in both men and women. This study
further reveals that a one centimetre increase in waist circumference correlates with a
2% increased risk of CVD or event, and that it is consistent in men and women. While
determination of BMI requires the measurement of height and weight, waist
circumference is only one parameter to measure, which patients and practitioners find
easier (Brown, 2009). Further, patients find it easier to understand the concept of waist
circumference than BMI (Brown, 2009; Huang et al., 2012).
Weight management is a major step to managing waist circumference among diabetes
patients. Reductions in body weight can improve not only glycaemic control in patients
who are overweight or obese, but also other important co-morbidities such as
hypertension and dyslipidaemia (Aujla et al., 2013).
A Western Australian study (Van Minnen, Davis, Bruce & Davis, 2011) reveals that
self-perception of weight appropriateness is important in the promotion and
management of weight loss. The researchers further suggest that there is an
inconsistent relationship between self-reported and actual body weight in the general
population.
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Sedentary living (physical inactivity) is identified as the fourth leading risk factor for
global mortality (World Health Organization, 2015). A study conducted in Sri Lanka
to determine the nationwide physical activity patterns in a sample of adults with
T2DM, found that although the benefits of physical activity are well known, a
significant portion of Sri Lankan adults with T2DM were sedentary (Ranasinghe,
Ranasinghe, Jayawardena, Matthews & Katulanda, 2014). Physical inactivity is more
prevalent among T2DM patients from low socioeconomic status, and rural women
who are engaged in more manual occupations than their urban counterparts reported
the lowest level of physical inactivity. Measuring physical activity usually focuses on
deliberate activity during leisure time, not walking or cycling for transport, workrelated activity, or daily household tasks such as housework or gardening. Thus, workrelated activity is not counted as exercise for the purposes of this study. (Katulanda,
Sheriff & Matthews, 2006). In addition, both Ranasinghe et al., (2014) and
Siyambalapitiya et al., (2012) found that adherence to regular exercise and physical
activity were poor among T2DM patients in Sri Lanka; however, those who adhered
to regular exercise were more often males than females, and therefore had less disease
complications. These findings encourage future studies to include physical activity in
the T2DM patient management plan as part of self-management responsibilities
(Ranasinghe et al., 2014; Siyambalapitiya et al., 2012).
The ultimate goal of the diabetes self-management process is to keep the patient’s
HbA1c within their normal range. HbA1c is a form of haemoglobin that is measured
primarily to identify the average plasma glucose concentration for prolonged periods
of time that can be performed at any time of the day and does not require any special
preparation such as fasting (Weerarathna, 2014; World Health Organization, 2006a).
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These properties have made HbA1c the gold standard for assessing glycaemic control
in people with diabetes. HbA1c is formed in a non-enzymatic glycation pathway by
haemoglobin’s exposure to plasma glucose (Pathmanathan & Somasundarm, 2013).
Normal levels of glucose produce a normal amount of HbA1c, and as the average
amount of plasma glucose increases, the fraction of HbA1c increases in a predictable
way. This serves as a marker for average BGLs over the 10–12 weeks prior to the
measurement, as this is the half-life of red blood cells (World Health Organization,
2006a).
As concluded by the UK Prospective Diabetes Study (UKPDS), HbA1c is used as the
most reliable means of determining chronic glycaemic control and has become the
foundation for the assessment of diabetes and risk of complications (UK Prospective
Diabetes Study Group, 1998; Weerakkody, Buddhakorala & Somasundaram, 2013).
Thus, specific HbA1c targets for diabetes care were introduced with the goal of
preventing or delaying the development of long-term complications (UK Prospective
Diabetes Study Group, 1998).
Dyslipidaemia is an elevation of plasma cholesterol, TGs, or both, or a low HDL level
that contributes to the development of atherosclerosis and many other CVDs. Primary
(genetic) and secondary (lifestyle and other) causes contribute to dyslipidaemias in
varying degrees, and diabetes mellitus is one of the major secondary causes of
dyslipidaemia in adults due to a sedentary lifestyle with excessive dietary intake of
saturated fat, cholesterol and trans fats that is more common among people in
developing countries (World Health Organization, 2016).
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HDL cholesterol is considered “good” cholesterol as it helps to remove low density
lipoprotein (LDL) cholesterol from the arteries. HDL acts as a scavenger, carrying
LDL cholesterol away from the arteries and back to the liver, where it is broken down
and passed from the body. One-quarter to one-third of blood cholesterol is carried by
HDL. A healthy level of HDL cholesterol may also protect against heart attack and
stroke, while low levels of HDL cholesterol have been shown to increase the risk of
heart disease. Genetic factors, T2DM, smoking, being overweight and being sedentary
can all result in lower HDL cholesterol. Thus, determination of HDL level among the
T2DM study participants is an important outcome that evidences the risk of developing
CVDs.
Lipoproteins, which are combinations of fats (lipids) and proteins, are the form in
which lipids are transported in the blood. Elevated levels of LDL cholesterol is
associated with an increased risk of heart disease, such as atherosclerosis with the
consequence of narrowed arteries, heart attack or stroke. Another condition, peripheral
artery disease, can develop when plaque formation narrows the artery that supplies
blood to the legs, which is more pronounced with uncontrolled diabetes. Hence LDL
is considered as “bad” cholesterol, which could be reduced by lifestyle modification,
diet and exercise.
TGs are a common type of fat in the body, used to store excess energy from the diet.
High levels of TGs in the blood are associated with atherosclerosis. Elevated TGs can
be caused by overweight and obesity, physical inactivity, smoking, excess alcohol
consumption and a diet very high in carbohydrates (more than 60% of total calories).
In addition, diseases or genetic disorders can also cause high levels of TGs. People
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with high TGs often have a high total cholesterol level, including high LDL and low
HDL. Many people with heart disease or diabetes have high TGs. Normal TGs vary
by age and gender. A high TG combined with low HDL cholesterol or high LDL
cholesterol is associated with atherosclerosis – the build-up of fatty deposits in artery
walls that increases the risk of heart attack and stroke.

Chapter summary
In this chapter, the reviewed literature indicates that self-management of diabetes is an
important concept in glycaemic control among diabetes patients especially when
access to specialist care is limited or lacking.
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Chapter III – Diabetes in Sri Lanka
This chapter briefly describes the extent of the diabetes burden in Sri Lanka to establish
the rationale and the justification for further research in patient education on selfmanagement of patients with T2DM. Using the following terms; chronic diseases,
diabetes mellitus, T2DM, patient education, self-management, health education
impact questionnaires, health education intervention methods a basic literature search
was through PubMed, Google scholar, and Science direct databases that was
performed. The databases literature search was then narrowed to Sri Lankan studies
on T2DM and those related to patient education in chapter III.

Current practice
The tropical island of Sri Lanka is situated in the South-East of the Indian subcontinent, with a population of more than 21.6 million people and growing at a rate of
0.913% annually. Sri Lanka houses people from different ethnicities and religions.
This diversity gives the country a multi-cultural and multi-ethnic identity (Katulanda,
Rathnapala et al., 2011). There are four main ethnic groups: Sinhalese, Sri Lankan
Tamils, Indian Tamils and Sri Lankan Moors (Katulanda et al., 2006). The economy
of Sri Lanka is lower middle income, primarily agricultural, which evolved under the
British. It consists of a modern sector based on plantation agriculture, and a traditional
sector of subsistence agriculture (Abeykoon, 2002).
The population comprises two broadly different socio-demographic groups, urban and
rural. The majority of the population resides in urban areas, such as the capital,
Colombo, and other large cities that are also the industrial and economic hubs of the
country (Abeykoon, 2002). Urban living is characterised by higher incomes and a more
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westernised lifestyle compared to rural living, where the majority are engaged in
agriculture and related occupations, with lower incomes and a more physical lifestyle
(Katulanda et al., 2006). Throughout the process of development and urbanisation,
national economies usually shift away from physically active economic pursuits such
as farming, mining and forestry, and move towards more physically inactive, often
office-based, occupations with an accompanying sedentary lifestyle. Additionally,
moving from a traditional diet to energy-dense foods, stress, smoking and alcohol
consumption result in a change in morbidity patterns, and diseases, such as CVD,
cancer and diabetes became noticeable (Katulanda et al., 2006; Wijewardene et al.,
2005).

Identifying the need
The need for a diabetes education program in Sri Lanka is compelling. The following
sections provide further justification for the research study.
Prevalence of diabetes in Sri Lanka
Diabetes is one of the major life-debilitating CDs in Sri Lanka. It is more common in
areas of poverty and malnutrition, and more pronounced in rural areas as a result of
unequal health services resources. Diabetes mellitus is a metabolic disorder with
heterogeneous aetiologies (World Health Organization, 2006). It is characterised by
chronic hyperglycaemia and disturbances of carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin action, or both. Insulin resistance is
an important pathogenic factor in T2DM and increases the risk of developing CVD
(Huang et al., 2012).
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There is little countrywide surveillance for NCDs in Sri Lanka, and the prevalence of
diabetes has been determined by epidemiological surveys (Weliange, Fernando &
Gunathilake, 2014). The prevalence of T2DM in persons over 20 years was reported
to be 10.3% based on the national survey conducted in the financial year 2005–2006
(Katulanda et al., 2006). The most recent study carried out in the adult population of
Sri Lanka with T2DM reported the age-adjusted prevalence as 20.3% for males and
19.8% for females in an urban cohort (Pinidiyapathirage et al., 2013). Their study
further states that only 23.8% had optimally controlled diabetes out of all those
diagnosed with T2DM.
While ethnic differences in the prevalence of T2DM are well documented in European
and American studies, there is a lack of research among Asians (Katulanda, Rathnapala
et al, 2011). Katulanda, Rathnapala et al., (2011) found that the national prevalence of
T2DM was 10.3% in 2011 amongst the 35–65-year age group. Further, there was
remarkable variation in prevalence of diabetes between regions (Figure 11). The
highest recorded prevalence was in the Western Province (18.6%) and the lowest was
the Uva Province at 6.8%, with a correlation between low income and high prevalence
of diabetes (Katulanda, Rathnapala et al., 2011).
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9.6%

10.0%
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18.6%
11.5%

6.8%

12.2%
Figure 11 Diabetes prevalence of Sri Lanka, 2005
Source: Katulanda, Rathnapala et al., 2011

The largest multicentre study conducted in hospitals and clinics in Sri Lanka by
Katulanda et al. (2008) revealed T2DM had a higher prevalence than T1DM, that could
manage with the success of primary preventive programs targeting lifestyle
modification among Sri Lankans.
Common complications of type 2 diabetes in Sri Lanka
The direct and indirect effects on the vascular system are the major source of morbidity
and mortality in all types of diabetes (Shrivastava et al., 2013). Thus, regular doctor
visits and reviews are of great significance in averting long-term complications
(Shrivastava et al., 2013). These findings are further supported by Rankin et al.,
(2012), who suggest that T2DM requires a lifelong commitment by patients to improve
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glycaemic control in order to delay the progression of microvascular and
macrovascular complications.
According to Weerasuriya et al., (1998) the prevalence of coronary vascular disease,
hypertension, stroke, neuropathy and retinopathy at the time of diagnosis of diabetes
was higher among Sri Lankan patients than in Caucasian and Indo-Asian patients. Both
genetic predisposition and delayed diagnosis due to poor access to adequate healthcare,
may contribute to the high frequency of complications at the time of diagnosis
(Illangasekera, 2011). This shows the importance of implementing a population-based
lifestyle modification program for primary prevention of diabetes (Weerasuriya et al.,
1998).
Based on past studies in Sri Lanka, the prevalence of diabetic neuropathy is high
(Jinadasa & Jeewantha, 2011). Katulanda et al., (2012) found that, out of all patients
diagnosed with T2DM in 2006, 10.2% had a diabetic foot. Amputation was reported
to be as high as 4.8%, highlighting the need for a better approach to diabetic foot-care
management (Katulanda et al., 2012). Traditionally, walking barefoot is a common
culturally accepted practice among the rural population, which would pose an
additional risk for this condition. The importance of diabetic foot care needs to be
customised in accordance with the local culture to make it possible for patients to
follow (Katulanda et al., 2012).
Jinadasa and Jeewantha (2011) suggested that diabetic-foot problem among the elderly
population is higher than that in younger patients. However, they further emphasise
that, although the level of knowledge of foot care was satisfactory, the practice of footcare principles were inversely proportional to the knowledge of foot care, such that
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22.7% of the study population did not practice any foot-care principles. Their study
also highlights the importance of the introduction of health education on foot care at
the early stage of diagnosis of T2DM, before neuropathy becomes prevalent.
Katulanda et al., (2012) concluded that in Sri Lanka, peripheral neuropathy as a
complication of diabetes is significantly lower in comparison to other countries in the
region that are considered as developing or developed.
Patient education and management of type 2 diabetes
Sri Lanka, like in many other developing countries, has remote rural locations, a lack
of government specialist medical clinics, and those available in more urban areas are
often overcrowded with patients. Thus, most T2DM patients are managed in the
primary care system, by full-time GPs. A recent study by Katulanda, Constantine et
al. (2011) mainly concentrated on investigating the level of awareness and attitudes
towards diabetes education in a sample of local GPs from Sri Lanka. They found that
many GPs did not consider complications like diabetic foot disease, dyslipidaemia,
hypertension and obesity as important issues in patients. The disparity was thought to
be due to lack of time or lack of motivation (Katulanda, Constantine et al. 2011).
However, this study had a low response rate, which makes the results indicative rather
than conclusive. Nevertheless, it highlights the importance of knowledge diabetes
educators have, and their professional background (e.g. GPs or allied health) for health
education to be effective.
A study conducted by Amarasekara, Fongkaew, Wimalasekera, Turale and Chanprasit
(2015) concluded that all healthcare staff need to be made aware of the importance of
diabetes education and the role of education for effective secondary prevention.
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Another study, conducted by Medagama, Bandara & Wijethunga (2015), suggests that
the introduction of an appointment system based on time blocks, would minimise
waiting time and crowding of diabetes clinics, and could be used to plan resource
allocation to increase the effectiveness of diabetes education programs.
Recent studies conducted to measure the level of knowledge about diabetes among
T2DM patients conclude that patients with diabetes often lack knowledge about their
disease, and thus frequently have poor self-management skills (DP Perera et al., 2013;
T Perera et al., 2012). Thus, it can be assumed that poor health literacy may be a
particularly important barrier to seeking care or achieving good health outcomes.
Based on outcomes of DP Perera et al.’s (2013) study, the overall mean knowledge
score (68.1%) was satisfactory, but only 58.0% knew the normal range of fasting blood
glucose and 60.7% knew that blood glucose should be measured regularly to assess
control. However, it was alarming to note that while the majority of patients knew that
chronic complications do occur (90.0%), most patients were unaware of the symptoms
of hyperglycaemia or hypoglycaemia, highlighting the gaps in knowledge about
management of diabetes, its complications and control (DP Perera, 2013; T Perera,
2012; Wijesuriya et al., 2011).
Siyambalapitiya et al., (2012) suggest that it is essential that healthcare messages are
tuned to the level of health knowledge of the individual patient, and their patient
education is delivered in a way that is personally, socially and environmentally
acceptable.
While genetics play an important role in the development of diabetes, lifestyle choices
of individuals have been shown to make a greater impact on the progression and
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development of diabetes (Hassanali, et al., 2014). They state that the common T2DM
genetic risk variants identified in Europeans were found among Sri Lankans, adding
further to the evidence that South Asians share many overlapping variants that
contribute to T2DM risk factors.
The study by Shrivastava et al., (2013) reveals that the improvement in glycaemic
control was detected after a short period; however, this was not the case after a longer
period. The study suggests that it is important to introduce periodic reinforcement to
not only achieve change in behaviour, but also to sustain this change in the long term.
Further, Katulanda, Constantine et al., (2011) encourage researchers to investigate the
effect of education on the patient outcomes specifically in relation to glycaemic control
combined with the level of the patient knowledge and behaviour of diabetes selfmanagement.
Current research
Current Sri Lankan research in diabetes management, patient education and patient
self-management conducted by allied health professionals, specifically pharmacists, is
scarce, and pharmacists are generally limited to dispensing medication. The attitude of
the healthcare team towards time spent in patient education and the quality of such
education is not clear or structured, and its effect on the patient glycaemic control is
not clearly measured. Therefore, there is an increasing need for precise evaluation of
structured education programs using patient clinical outcomes as performance
indicators. Additionally, to date, no known Sri Lankan research has been conducted
by pharmacists in patient education or in clinical settings.
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Chapter summary
There is an identified gap in patient diabetes education and patient knowledge of the
importance of adherence to medication and self-management, such as glycaemic
control measured by BGL and HbA1c, BP, and lipids profile monitoring and lifestyle
choices in Sri Lanka (Amarasekara et al., 2014). Management plans must consider
traditional values to ensure success in reducing diabetes morbidity and mortality. A
validated tool to evaluate the program or management plan benefits is essential to
allow benchmarking with international and national data.
Over the last decade, several countries, including Australia, the United States and
Germany have met these challenges by developing and evaluating diabetes education
programs using comprehensive evaluation methods, such as the heiQTM. This
questionnaire has already been validated, translated and culturally adapted to more
than 20 languages. However, it had not been translated to Sinhala, one of the main
languages in Sri Lanka. Most Sri Lankans communicate in Sinhala (74%), and it was
therefore chosen as the communication language for this study (Amarasekara et al.,
2014). The heiQ™ was selected as the evaluation tool for this study as described in
earlier in Chapter IV.
Furthermore, no pharmacists are involved in patient education in Sri Lanka to date,
thus the research reported in this thesis will enhance the Sri Lankan body of
knowledge. The issue that emerges from the background presented thus far in this
thesis is whether culturally appropriate, pharmacist delivered diabetes health education
may aid in further improving patient outcomes and HbA1c among T2DM patients in
Sri Lanka in addition to the intervention currently delivered by physicians.
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Additionally, this study will constitute new pathways to the professional development
for pharmacists with the introduction of clinical pharmacy in Sri Lanka.
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Chapter IV – Study Design and Methodology
This chapter presents the study question, objectives and hypothesis. It then discusses
the equipment and materials were used, selection criteria, methodology, and data
collection and analysis method. Finally, it outlines the study timeline and budget.
The term patient and participant may be used interchangeably in this thesis; either of
the two terms is defined as a subject who is enrolled in the study who has been
diagnosed with diabetes.

Study question
The impact of self-management programs and their clinical outcomes are not very
clear. Studies in this area are yet to confirm any benefits due to weak intervention and
study design, short follow up periods, and problematic evaluation tools (Martin, 2012).
Even though there is a wealth of research on lifestyle modification programs based on
different models in developed countries, there is minimal research on these models in
developing countries. Sri Lanka, one of the South-Asian countries, lacks current
research and standardised structured education programs on diabetes patient selfmanagement. Therefore, this study was developed to explore the effectiveness of a
Sinhala translated heiQ™ on evaluating a culturally appropriate, pharmacist delivered,
newly developed health-education program on diabetes self-management.
Aim
The aims of this study were:
1. To examine the impact of a culturally appropriate, pharmacist delivered,
health-education program on patient diagnosed with diabetes medication and
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condition self-management through an education intervention to improving
their glycaemic control and delay disease complications.
2. To validate the Sinhalese translated heiQTM appropriateness in measuring the
current health education level and the impact of the education intervention
provided to Sri Lanka T2DM patients.
Objectives
The main objectives of this study were:
- Review the global and local literature to understand the current body of
knowledge in T2DM and current patient self-management, to both identify the
gaps in this knowledge and to inform the patient education program development.
- Develop a culturally appropriate, pharmacist delivered health-education program
aiming to improve T2DM patients’ health education in the area of diabetes, its
complications, modifiable risk factors and the medications they are prescribed for
treatment.
- Deliver the education program after collecting baseline data on T2DM disease
markers and compare the initial participant level of health education and
adherence therapy to at six and 12 months by using the heiQ™ after the delivery
of the health education intervention.
- To assess the impact of the health-education program on participant glycaemic
control by comparing intervention and non-intervention groups.
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Measurable outcomes:
There were two measurable outcomes:
Primary outcome: this included the improvement of the patient HbA1c (become within
the individual patient HbA1c target) and improving their condition and medication
self-management skills (heiQTM).
Secondary outcome: this included the improvement in lipid profile, blood pressure,
heart rate, BMI and WC measurements.
Hypothesis
Based on the study aims the following hypothesis was developed, there are two parts:
1. A pharmacist delivered, culturally appropriate health-education program can
improve T2DM participants’ knowledge on diabetes self-management and
improve their health outcomes including glycaemic control (HbA1c level).
2. The heiQTM, translated into Sinhala is an appropriate tool to firstly measure the
current level of health education and secondly to evaluate the impact of the
intervention, the education programs, in improving health education level among
T2DM patients in Sri Lanka.

Ethics
The Charles Darwin University Human Research Ethics Committee (HREC) approved
this study on 11/12/2014 with renewal up to 01/09/2017 (Ref. No: HI4082, see Appendix
I) and the Ethics Review Committee, Faculty of Medicine, University of Ruhuna, Sri
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Lanka granted ethical approval for the study on 26/02/2015 (Ref No: 17.11.2014:3.32, see
Appendix II).

This study was registered under the Sri Lanka Clinical Trial Registry, No:
SLCTR/2015/014 on 31st August 2015 (Appendix III), which is a primary registry for
clinical trials involving human subjects conducted in Sri Lanka or overseas that is
linked to the Registry Network of the International Clinical Trials Registry Platform
of the WHO.
Site approval was obtained from the directors of both tertiary care facilities and heads
of the Diabetes and Endocrinology Clinics of both hospitals in Sri Lanka (Appendices
IV and V).
Posters, consent forms and information sheets
Potential participants were informed verbally and in writing about the study objectives
and processes, their rights, and what was expected of them if they decided to
participate. The information sheets provided information outlining the study aim and
objectives, study procedure, and participants’ rights and obligations. Written, informed
consent was obtained in Sinhala, their native language, and their participation was on
a voluntary basis (Appendix VI).
Invitations and information about the research study were communicated to
participants through the facility poster and individual information sheets prior to
handing over the consent forms. Consent forms were developed based on guidelines
specified by the HRECs of Charles Darwin University, Australia and the Faculty of
Medicine, University of Ruhuna, Sri Lanka.
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The data collection process in Sri Lanka was supervised by the local supervisor from
the Faculty of Medicine, University of Ruhuna, Sri Lanka.

Role of the researcher through the intended protocol
The study was designed with the following roles to be carried out by the investigator:
-

Preparation and translation of demographic survey questionnaire, participant
information sheet and consent form, reminder letter, patient education program and
handouts.

-

Conduct all activities related to participant enrolment, which included
randomisation of subgroups, administering the demographic survey, explaining the
information sheet to participants, and ensuring consent forms were signed and
appropriately stored.

-

Conduct all activities related to the intervention, which included collecting and
analysing demographics; conducting, recording and analysing baseline biomedical
(BMI, BP, waist circumference measurement) data; collating records; and
analysing baseline and follow-up data on HbA1c and lipid profile results, which
were specifically conducted as part of the study (samples were collected by the site
medical staff [phlebotomists] and it was tested in a standard accredited laboratory).

-

Administer, collect and analyse data from heiQTM baseline and follow up.

-

Send reminder letters.

-

Prepare and conduct participant education sessions and handouts.

-

Write-up findings.
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This research was funded by the Financial Assistance to University Teacher’s Higher
Education Grant, University Grant Commission, Sri Lanka – UGC/ DRIC/ PG/
2015(i)/ RUH/ 01 (Appendix VII).
Travel and research running cost funds were awarded by the School of Psychological
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Study design
This study was designed as a prospective, non-experimental control group study, with
health education as the main intervention. Change in medications was not in the scope
of this study; however patient adherence to therapy and self-care behaviours were
monitored during the two follow up visits at six and 12 months. The study utilised a
structured health-education program evaluated through the usage of the heiQ™, which
was translated into the Sinhala language. The effect on patient glycaemic control over
the intervention period of 12 months was measured while the participants continued
their usual care and medications.
The intervention and non- intervention participants, who continued receiving their
usual diabetes care, were ascertained from two main independent tertiary care facilities
in Western and Southern Provinces of Sri Lanka; where the prevalence of diabetes is
highest and third highest respectively (Katulanda, Rathnapala et al., 2011). The
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selected sites were the Karapitiya Teaching Hospital in Galle, and Colombo South
Teaching Hospital in Kalubowila (Figure 12).

Figure 12: Entrances to Karapitiya Teaching Hospital and Diabetic Clinic, Sri Lanka

Karapitiya Teaching Hospital is the largest tertiary care centre in the Southern
Province of Sri Lanka, which is located in Galle. It was established in 1982 to be the
main training centre for the Faculty of Medicine, University of Ruhuna, Sri Lanka.
The hospital consists of 1,624 beds, 54 wards and several other units. It is considered
as the third largest tertiary care hospital in the country. This hospital provides for the
healthcare needs of people in the Southern Province and the people in surrounding
areas. The hospital is administrated by the MOH in Sri Lanka and provides 24-hour,
free healthcare services to the population. In addition to general medical and surgical
care, the hospital provides a wide variety of healthcare services in fields such as
paediatrics, psychiatry,
orthopaedics,

neurology,

cardiology, endocrinology, rheumatology,
neuro

surgery,

otolaryngology,

oncology,

ophthalmology,

dermatology, gastroenterology, radiology, dentistry and haemodialysis. It also has
facilities for modern investigations. The hospital has outpatient departments with
many other separate clinics, including a diabetes and endocrinology clinic.
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Figure 13: Front view of Colombo South Teaching Hospital and Diabetic Clinic, Sri Lanka

The Colombo South Teaching Hospital – Kalubowila is located in the Western
Province of Sri Lanka, and is the second largest hospital in the country (Figure 13). It
was established in July 1960 as a base hospital and upgraded to a teaching hospital in
1995 with affiliation to the University of Sri Jayawardenapura, Sri Lanka. The hospital
is spread over 18 acres of land, and became popular due to its service to the public
through its large outpatient department, new theatre complexes and laboratory
services, and its specialities. It is a teaching-oriented hospital that maintains a patient
population of well over 2000.
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Study tools
This study used three tools:
-

Culturally and language adapted heiQTM for evaluating the impact of the health
education intervention (Appendix VIII).

-

Structured health-education program that was translated to Sinhala and validated
by an endocrinologist.

-

Interviewer administered socio-demographic questionnaire translated to Sinhala
and validated by an endocrinologist combined with anthropometric measurements.

Equipment and materials
This section outlines the range of equipment and materials used for the study.
Health education impact questionnaire
The study used the heiQTM instrument translated to Sinhala and validated for meaning
and cognitive interpretation to measure participant knowledge and attitude towards
their self-care on pre- and post- one-to-one structured health-education sessions which
consisted of a script-based verbal session aided with a one-to-one power point
presentation.
The heiQTM was developed as a comprehensive evaluation tool to measure the impact
of health-education programs in 2005 by Osborne et al,. at Deakin University,
Australia (Osborne et al., 2007). It was validated and has undergone extensive
psychometric testing across chronic conditions, and provides a robust psychometric
structure. It consists of 40 questions representing eight domains:
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1. health directed activity
In this domain, questions mainly focus on lifestyle changes; changes in diet, exercise
and relaxation routines aimed at disease prevention or control (Table 6).
Table 6: Domain 1 – Health directed behaviour
Domain 1 – Health directed behaviour
Question 1:
Question 9:
Question 13:
Question 19:

On most days of the week, I do at least one activity to improve my health
(e.g. walking, relaxation, exercise)
I do at least one type of physical activity every day for at least 30 minutes
(e.g. walking, gardening, housework, swimming)
On most days of the week, I set aside time for healthy activities (e.g.
walking, relaxation, exercise)
I walk for exercise, for at least 15 minutes per day, most days of the week

2. positive and active engagement in life
This domain consists of five questions (Table 7) about motivation, self-management
and engagement in activities.
Table 7: Domain 2 – Positive and active engagement in life
Domain 2 – Positive and active engagement in life
Question 2:
Question 5:
Question 8:
Question 10:
Question 15:

Most days I am doing some of the things I really enjoy
I try to make the most of my life
I am doing interesting things in my life
I have plans to do enjoyable things for myself during the next few days
I feel like I am actively involved in life
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3. emotional wellbeing
This domain measures the negative effect of the overall response to diabetes, including
anxiety, anger and depression attributed to uncontrolled diabetes (Table 8).
Table 8: Emotional wellbeing
Domain 3–Emotional wellbeing: negative effect
Question 4:
Question 7:
Question 12:
Question 14:
Question 18:
Question 21:

I often worry about my health
My health problems make me very dissatisfied with my life
I often feel angry when I think about my health
I feel hopeless because of my health problems
I get upset when I think about my health
If I think about my health, I get depressed

4. self-monitoring and insight
In this domain questions mainly focus on awareness and self-management actions
based on an individual’s ability to monitor their condition, and their physical and/or
emotional responses. This was assessed based on six questions as detailed in Table 9.
Table 9: Domain 4 – Self-monitoring and insight
Domain 4 – Self-monitoring and insight
Question 3:
Question 6:
Question 11:
Question 16:
Question 17:
possible
Question 20:
do

As well as seeing my doctor, I regularly monitor changes in my health
I know what things can trigger my health problems and make them worse
I have a very good understanding of when and why I am supposed to take my
medication
When I have health problems, I have a clear understanding of what I need to do
to control them
I carefully watch my health and do what is necessary to keep as healthy as
With my health in mind, I have realistic expectations of what I can and cannot
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5. constructive attitudes and approaches
This domain includes, how the study group viewed the impact of diabetes on their life
was measured using five questions (Table 10).
Table 10 Domain 5 – Constructive attitudes and approaches
Domain 05-Constructive attitudes and approaches
Question 27:
Question 34:
Question 36:
Question 39:
Question 40:

I try not to let my health problems stop me from enjoying life
My health problems do not ruin my life
I feel I have a very good life even when I have health problems
I do not let my health problems control my life
If others can cope with problems like mine, I can too

6. skills and technique acquisition
This domain includes the assessment of questions based on the knowledge-based
skills and techniques (including the use of aids) that help participants to manage
their disease-related symptoms and health problems more effectively (Table 11).
Table 11: Domain 6 – Skills technique and acquisition
Domain 06-Skills and technique acquisition
Question 23:
stress)
Question 25:
Question 26:
Question 30:

I have effective ways to prevent my symptoms (e.g. discomfort, pain and
from limiting what I can do in my life
I have a very good idea of how to manage my health problems
When I have symptoms, I have skills that help me cope
I have a good understanding of equipment that could make my life easier
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7. social integration and support
The questions in this domain measure the positive impact of social engagement and
support that evolves through interaction with others and the impact of interaction with
others sharing similar health-related life experiences (Table 12).
Table 12: Domain 7 – Social integration and support
Domain 07 – Social integration and support
Question 22:
Question 28:
Question 31:
Question 35:
Question 37:

If I need help, I have plenty of people I can rely on
I have enough friends who help me cope with my health problems
When I feel ill, my family and carers really understand what I am going through
Overall, I feel well looked after by friends or family
I get enough chances to talk about my health problems with people who understand

8. health services navigation
This domain measured understanding of, and ability to interact with, a range of health
organisations and health professionals. It also measured confidence and ability to
communicate and negotiate with healthcare providers. This was assessed using the
questions in Table 13.
Table 13: Domain 8 – Health services navigation
Domain 8 - Health services navigation
Question 24:
Question 29:
Question 32:
Question 33:
Question 38:

I have very positive relationships with my healthcare professionals
I communicate very confidently with my doctor about my healthcare needs
I confidently give healthcare professionals the information they need to help me
I get my needs met from available healthcare resources (e.g. doctors, hospitals and
community services)
I work in a team with my doctors and other healthcare professionals

Each domain has between four and six questions (Morita, et al., 2013). The scale score
is measured as an average value of the item score and is represented on the same Likert
scale as the individual items (Osborne et al., 2011). The items were constructed with
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minimal ambiguity and colloquialisms, confirmed with people from low
socioeconomic backgrounds, and have been adapted to 20 languages, including
German and Japanese. This study represents the first time the heiQTM has been
translated to Sinhala, and the translation was facilitated by professional translators
from the University of Melbourne (Epstein et al., 2015).
Researcher administered socio-demographic questionnaire
A socio-demographic questionnaire was developed based on basic demographic data,
level of education, medication history, lifestyle, and anthropometric measurements.
The socio-demographic data were collected from all participants who participated in
the intervention and non-intervention groups (Appendix IX).
The questionnaire was validated by experts in the field of endocrinology, and minor
modifications were carried out prior to the data collection procedure. The final
questionnaire focused on important aspects of diabetes care such as medication, diet,
HbA1c, lipid panel, BP, cholesterol, exercise, smoking status, consumption of alcohol
and complications of diabetes.
Measurement of weight, height and waist circumference
BMI is globally accepted as indicative of body weight with some interpersonal and
ethnic variations. Obesity is intimately linked to diabetes risk and is considered as a
modifiable risk factor that may be improved by patient education; accordingly, it is a
valuable parameter to measure. The researcher used the body fat composition scale
Omron™ to calculate BMI using body weight and height, guided by central obesity
(waist circumference) to determine if participants were at a healthy weight,
underweight or overweight.
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Waist circumference was measured using a non-stretch tape placed around the body
parallel to the ground. There are five sites that could be used for measurement;
immediately below the lowest ribs, the umbilicus, the narrowest waist, and the
midpoint between the lowest ribs and iliac crest, and immediately above the iliac crest.
The midpoint, umbilicus and narrowest waist measurements were the most commonly
used measurements in the study titled Waist circumference in primary care by Brown
(2009). Hence, the researcher used the measurement of the midpoint reading for waist
circumference as the standard measurement for the study.
Blood pressure measurement
Participant BP (systolic and diastolic) was measured by using an OmronTM digital
sphygmomanometer at the right upper arm in sitting position after the participant had
at least 10 minutes of rest. Systolic and diastolic BP, and heart rate were separately
recorded during the study.
Laboratory testing of glycosylated haemoglobin and lipid profile
Durdans Laboratory is an ISO 15189: 2007 accredited medical laboratory in Sri Lanka
that conducts tests in the fields of clinical biochemistry, haematology, clinical
pathology, microbiology/serology and immunology. It was selected as the laboratory
of choice for this research considering its delivery of fast, accurate results from
sophisticated equipment operated by highly-qualified professionals adhering to global
hospital laboratory standards.
The HbA1c test is considered as the clinical standard for the assessment of diabetic
control. The gold standard was adopted to determine the level of HbA1c. This method
uses High Performance Liquid Chromatography for the determination of HbA1c,
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which serves as a reference standard against other methods that determine the level of
HbA1c. In addition, this method provides an excellent specificity and reproducibility
over the results; ensuring confidence when determining glycaemic control based on
HbA1c values.
The lipid profile test, or lipid panel, is a panel of blood tests that serves as a broad
medical screening tool for abnormalities in lipids, such as cholesterol and TGs. The
results of this test could be used to identify certain genetic diseases, to determine
approximate risks for CVDs and certain other diseases including diabetes and their
complications. During this research the investigator tested the lipid panel at the
baseline, six months later and at the 12-month follow up. Durdans Laboratory, Sri
Lanka was also utilised to perform lipid panel testing.
Structured health-education program
The structured diabetic education program (Appendix X) was developed based on
information from the Pathophysiology, Indication, Treatment and Specifics (PITS)
patient education model. The model presents information in an organised and logical
format that enhances the receiver’s ability to recall information. Also, this model
enables the receiver to easily follow the educators’ thoughts and direction of
information flow, which may be contingent on the emotional state of the patient or
other constraints. In addition, this model provides a pathway or map for the educator.
It is a universal teaching model for all disease processes that the investigator adopted
for diabetic education. The basic flow diagram of the education process is outlined
below in Figure 14.
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Figure 14: Pathophysiology, Indication, Treatment and Specifics patient education model for
diabetic health education
Source: Stewart NM (2012),Practical Patient Literacy, The Medagogy Model.Mc Graw Hill,
ISBN978-0-07-176131-4

The model offers a logical, organised format to deliver diabetes patients with up-todate information and acts as a standard communication methodology for the delivery
of patient education. The application of this model to the development of the diabetes
education program, which was used as a visual aid during the one-to-one interviews,
is described in detail below.
Pathophysiology

In this segment of the education session, the physiological changes that occur in the
body due to pre-diabetes or early in diabetes were explained. The patient learnt what
is referred to as the stages of diabetes, the definition of poor and good disease
prognosis, and the factors that influence both the prognosis and diabetes
complications.
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Indication

The rationale for the patient’s current treatment is usually tailored adult learning to
suit the individual patient’s educational level, disease prognosis and their
pathophysiological status. Additionally, this segment of the education session provides
an opportunity for the educator to describe disease signs, symptoms, required
monitoring, diabetes progression, treatment maintenance and complications resulting
from inadequate treatment and poor adherence.
This session helps the patient to become self-aware, to relate to their disease condition
individually and set the foundation for self-management.
A Power point presentation, including symptoms of hypoglycaemic and
hyperglycaemic complications due to non-adherence to glycaemic control was used to
connect pathophysiology, signs and symptoms.
Treatments

The next session of the model for the education program concentrated on treatments.
Common treatments for diabetes, methods of administration of insulin and common
side effects of diabetes therapy were discussed. The session was further personalised
by discussing current treatment with patients on an individualised basis.
Specifics

The context of personalised patient education that could be adopted on a one-to-one
basis was implemented in this session. This provided the basis of discussion on
individualised medication advice relevant to the patient’s drugs, dosages, diet
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modifications, individual activity restrictions as well as complications due to
hyperglycaemia and/or hypoglycaemia.
These scheduled one-to-one structured education sessions contribute to the teaching
interaction between participant and educator, enabling participant control.
Participant specific medication and lifestyle advice was developed to cater for
individual participant needs, but only that relating to the participant being interviewed
was delivered. Hence, patient education on weight management through diet, exercise,
self-measurements of BGL using a glucometer and lifestyle modifications combined
with education on specific treatments for diabetes was discussed with the participant
during this session as applicable to that individual participant.

Sample selection, control and randomisation
All genders with T2DM participants were approached from all adult age groups, levels
of education, socioeconomic levels and employment status. Participants were recruited
based on the following inclusion and exclusion criteria.
Inclusion:
-

Adult males and females, aged 18 years or over with T2DM for 12 months or more

-

Patients who were diagnosed with T2DM by the registered medical practitioner at
the government or private hospital and met the criteria set out in Definition and
diagnosis of diabetes mellitus and intermediate hyperglycaemia (World Health
Organization, 2006a) which was described in detail in Chapter II.
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Exclusion – potential participants who met the above criteria, but who had the
following conditions were excluded from the study:
-

Pregnant at the time of recruitment; the physiological demands of pregnancy cause
major changes in carbohydrate metabolism. Therefore, an individualised medical
practitioner-based intervention was deemed more appropriate as suggested by the
HRECS in Australia and Sri Lanka

-

Patients with polycystic ovarian syndrome that was intimately linked to diabetes
and obesity

-

Gestational diabetes

-

T1DM

-

On haemodialysis

-

Unable to speak or understand Sinhala

-

Identified as having cognitive, hearing or vision impairment

The study participants were selected on the basis of every third patient from the clinic
registry for both non-intervention and intervention groups at the beginning of the
study. In addition, those who inquired about the study after seeing the poster and those
who met the selection criteria were provided with information sheets and invited to
participate in the study. Further categorisation into subgroups (Subgroup A and
Subgroup B) was carried out. Before any data collection took place, a computergenerated algorithm using Microsoft Excel™ was adapted to further randomise the
intervention group to avoid researcher bias. All controls were enrolled from one site
(randomised as every third person selected and the intervention group was from the
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2nd site, randomised twice on enrolment (every third person) then before baseline data
collection using Microsoft excel™.
There was no recorded information on this type of health service research carried out
using heiQTM in Sri Lanka, and this was the first time the heiQ™ was used in Sinhala.
The heiQ™ was used under a licensed agreement with Deakin University, Australia,
where it was developed, translated and validated for meaning and cognitive
interpretation by professional translators.
The prevalence of diabetes in adults, aged between 20 and 70 years was 8.32% in
2014. Based on Katulanda, et al.’s (2006) study, the prevalence was 10.3% in adults
over the age of 20 years (International Diabetes Federation, 2014; Katulanda, 2006).
As the population density in Sri Lanka is high, a power-calculated sample would be
very costly to fund.
Being a low-budget preliminary study, a total of 150 participants was considered as a
manageable sample that would provide sufficient data to inform future studies on the
trends, variances and relationships, between self-care behaviour, level of health
education and diabetes control (Figure 16). The estimated withdrawal rate for the study
was expected to be approximately 10%.

Methodology
The research method was based on two main aspects the clinical data collection and
the diabetes health-education intervention. Clinical data collection took place on three
occasions for all intervention and non-intervention participants – at the enrolment day,
six-month follow up and 12-month follow up – while diabetes education was carried
out on the following basis:
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-

Enrolment day for the overall intervention group (Subgroups A and B)

-

Six-month follow up for participants in Subgroup B only.

-

At the end of the intervention period (12 months) for the non-intervention group
to ensure social justice.

Clinical data collection as defined in this study was confined to measuring weight,
height, waist circumference, BP, and blood sample collection for HbA1c and lipid
profile tests.
This research did not interfere with participant’s current prescribed medications or
individual diet requirements, and did not administer any medications or test any
therapeutic regimen. However, participants were referred to their treating doctor if any
risk was identified (e.g. hypo and hyperglycaemia). The study concentrated on lifestyle
modification and prevention of complications. Data were collected by the investigator
personally, and phlebotomists trained to comply with site infection control and blood
handling were employed to collect blood samples for the HbA1c test and lipid profile
tests.
Five mL venous blood samples were collected from the median cubital vein, cephalic
vein or the basilic vein in the antecubital site or from the basilic, cephalic or dorsal
metacarpal veins in the wrist, as shown in Figure 15.
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Figure 15: Venus blood sample collection sites
Source: Skitches: www.google.com, 30/12/16

Additionally, demographic data collection was carried out by interviewing participants
in all patient encounters during enrolment, six-month follow up and 12-month follow
up as specified in detail in Figure 16, which provides a step-by-step protocol.
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Figure 16: Conceptual framework of the study
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Study phases
Completed research was undertaken in four main phases, as detailed below.
Translation phase
All materials, including patient information sheets, consent forms, posters, letters of
reminder to participate in the education program, and the one-to-one structured
education program were initially prepared in the English language and translated to
the Sinhala language with cultural adaptation and confirmation by subject experts from
Charles Darwin University, Australia, and the Faculty of Medicine, University of
Ruhuna and Consultant Endocrinologist, Teaching Hospital Karapitiya, Sri Lanka.
All approved English versions (posters, invitation and follow-up letters, information
sheets, consent, education material), except the heiQTM, were then translated to plain
legible Sinhala to meet all levels of literacy.
Translation of the heiQ™ baseline and follow up was contracted to the heiQ™
developer (Table 14) to ensure it maintained its cognitive meaning to reflect the
validated English heiQ™ version
(http://www.deakin.edu.au/health/research/phi/heiQ).
The rest of the material, including the questionnaire’s translation was translated, also
using the same techniques of forward and backward translation by the researcher and
supervisors.
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Table 14: Translation and cultural adaptation of the health education impact questionnaire
Translation process

Project management

Brief translators about the process

Circulate documents, talk through process

Forward
Translator 1 /Forward Translator 2

Source and brief translators
Facilitate, populate Translation
Management Grid
Facilitate, provide to blinded Back
translator

Consensus Forward translation

Facilitate, populate Translation
Management Grid, provide to Deakin

Back-translation
Commentary on back-translation by Richard
Osborne

Scheduling of meeting, provision of dial
in service
Scheduling of meeting, provision of dial
in service

Consensus teleconference
2 translators present (both Forward or 1
Forward + Back) + up to 4 field workers /
bilingual + project manager
Provision of annotations to draft final version

Lead forward translation

Certification of final translation

Richard Osborne

Final formatted questionnaire

Release for data collection

Almost six months was spent on the translation and cultural adaptation process of the
heiQTM. Professional translators from All Graduates Translators, University of
Melbourne, together with Deakin University were contracted by Charles Darwin
University for the translation and validation process. The licence for using heiQTM for
the translated document was authorised to Charles Darwin University (Licence No:
TE1401AA).
Intervention phase – baseline
Posters were displayed at clinic sites and initially, participants were randomly selected
based on every third patient from the clinic registry. In addition, those who inquired
about the study after seeing the poster and those who met the selection criteria were
provided with information sheets and invited to participate in the study. All
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participants were then randomised into subgroups as intervention (A and B) or controls
(C) using Microsoft Excel™ program.
Further discussions were carried out with potential participants to explain the
procedure; risks and benefits of the study; how the data would be collected, stored and
presented; and the purpose of the study. Moreover, the investigator clearly disclosed
that participants had the freedom to withdraw at any time from the study without
providing a reason for their withdrawal. Furthermore, participants were ensured that
withdrawal would not interfere with their routine medical care or any other available
treatment for their illness or condition to which they were entitled.
The investigator also explained the blood sample collection process for HbA1c and
lipid profile tests, and the requirement for participants to fast for blood tests. In
addition, participants were informed that they needed to be involved with the study for
a one-year period. Accordingly, participants were further informed about the time they
needed to spend at initial and follow-up visits (initially up to one hour and later less
than that). Additionally, they were informed about the measurements that would be
taken of their waist circumference, height, weight, and BP monitoring that would take
place during each visit.
Patients who were interested in participating in the intervention were invited to the
Faculty of Medicine, University of Ruhuna, Sri Lanka, and participants who were
interested in being part of the non-intervention (control) group were invited to the
allocated area for the study at the diabetic clinic of Colombo South Teaching Hospital,
Sri Lanka (Figure 17).
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The numbers of patients approached by the researcher who immediately declined to
participate or withdrew from the study during the intervention period were also
recorded.

Figure 17: Study recruitment phase, participant agreed her photo can be used in the thesis

Participants (Intervention group-cases) who were selected from the Karapitiya
Teaching Hospital received electronic randomised identification (ID) serial numbers
to either Subgroup A or B; 50 participants for each group. However, in anticipation of
a 10% dropout rate, 55 participants were enrolled to each group. Participants were
allocated with a study ID number regardless of being in Subgroup A or B.
Participant ID was developed based on abbreviations of THK (either Teaching
Hospital Karapitiya or Teaching Hospital Kalubowila) and adding A, B for subgroups
of the intervention group. The non-intervention group was identified by adding capital
“C” in back of THK, combined with a serial number starting from 01.
Examples of the ID convention are:
THKA 01 or THKB 01 – Teaching Hospital Karapitiya – case number one
from intervention subgroup A or B
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THKC 01 Teaching Hospital Kalubowila – case number one from nonintervention group.
Participant ID was developed to maintain consistency between the non-intervention
(THKC) and the intervention groups (THKA or THKB) and to avoid mixing of the
data, thereby ensuring the data for each participant were precisely collated throughout
the study.
The completion of enrolment was performed by participants signing the Sinhala
translated written consent form. Participants were provided with a copy and the
original, marked with the allocated participant ID, was kept securely stored with the
investigator.
The first participant was enrolled on 15th of June 2015 and the last on 24th of July 2015.
The investigator kept a master list of contact details of participants including their ID,
address and contact numbers for future communication at the six-month and 12-month
follow ups.
Demographic data were collected as specified in Appendix IX through verbal
communication by the investigator. The information on disease conditions,
medications, alcohol and tobacco use, other disease conditions, current diabetes
treatments, and presence of complications were recorded from their clinic cards and
patient record books. BP was measured using OmronTM digital sphygmomanometer
after 10 minutes of rest, seated and with the right arm supported on a table at heart
level. Participants using anti-hypertensive drugs were classified as having
hypertension. Waist circumference was measured by positioning the measuring tape
midway between the lower rib margin and the iliac crest, at the end of a normal
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expiration. Height was measured using a tape and recorded to the nearest 5mm with
the subject looking straight ahead and with their back against the wall. With the
inclusion of height and measuring weight using Body Fat Composition Scale –
Omron™, BMI was recorded and cross checked using manual calculation. Less than
five vegetables and three fruit serves per day for adults were recorded as an inadequate
consumption of vegetables and fruits for the study. Inadequate physical activity
measured as any physical activity (including walking, running, swimming) for 30
minutes each day for three days per week.
Blood sample collection was carried out by phlebotomists, who are trained and
qualified to collect blood samples primarily by performing venepunctures. The
phlebotomists were paid LKR100, which is equivalent to A$1, per participant sample
from the grant received from the University Grant Commission of Sri Lanka. The
samples for the HbA1c and lipid profile tests were collected in two different sample
tubes with 2.5ml blood in each test tube. The HbA1c blood samples were collected in
test tubes containing ethylene diamine tetra acetic acid medium and the lipid profile
sample was collected in normal test tubes after overnight fasting. The samples were
then centrifuged and checked for haemolysis before proceeding for testing by the
Durdans Laboratory branches at Karapitiya and Kalubowila, Sri Lanka. All laboratory
reports were collected by the investigator, who kept copies of the test reports and
posted the originals to participants so they would be able receive medical advice from
the medical officers of their diabetic clinic at their next routine clinic visit.
Next, the translated, culturally adapted and validated heiQ™ baseline printed
questionnaires were administered at the data collection sites; either completed by the
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participants alone or supported (explained without input) by the investigator, to
measure the knowledge about their health condition, and their medication adherence
before the intervention. Participants were asked to mark the most applicable answer
describing their level of knowledge with a cross. The heiQTM had 40 questions that
were estimated to take 20 minutes to answer. The participants viewed the questions
without the domain subtitle, allowing them to answer the individual questions based
on their own perspective without being influenced by the domain title.
Completed questionnaires with their ID numbers were analysed and scored based on a
Likert-type scale from 1 to 4, corresponding to <strongly disagree>, <disagree>,
<agree> and <strongly agree>. The scores were summated within each domain to
obtain a scale score for each domain. The heiQ™ version 3.0 measures participant
knowledge of their disease in eight domains: health directed behaviour, positive and
active engagement in life, emotional wellbeing, self-monitoring and insight,
constructive attitudes and approaches, skills and technique acquisition, social
integration, and support and health services navigation. The participants’ domain mean
scores achieved in the baseline were compared to the follow-up mean scores to
determine if their knowledge improved after the delivery of the patient education
intervention (Figure 18).
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Figure 18: Questionnaire completion, participants agreed for their photos to be used in the
thesis

This validated study instrument was used under the licensed agreement with Deakin
University and the investigator was guided by the supervisors of Charles Darwin
University.
No medical procedures were carried out by the investigator during the research, and
the participants were required to continue their usual medical care provided by their
doctors. Any psychological risk from study was expected to be minimised while the
education intervention was carried out by the investigator, who is a registered
healthcare professional (pharmacist) and a lecturer in the Faculty of Medicine,
University of Ruhuna, Sri Lanka. It was predetermined that if a participant experienced
distress during the study they would be immediately referred to their health
practitioner.
Following the completion of the questionnaire, the intervention group received the
structured health-education program on a one-to-one basis. The program comprised a
multimedia presentation that includes the pathogenesis, progression and complications
of T2DM; importance of proper management and follow up; and a demonstration of
the use of blood-glucose monitors and insulin pens. The session then progressed to

132

focus on the participant’s prescribed medication mode of action, side effects of drugs,
effect of adherence to medication on disease prognosis and development of
complications. The education session was carried out in the Department of
Parasitology in the Faculty of Medicine at the University of Ruhuna, Sri Lanka. After
completion of data collection and the education session, participants were given A$3
(LKR300) for travelling costs for their participation, funded by the grant received from
the University Grant Commission of Sri Lanka. The same procedure was used for the
data collection process for the non-intervention group with the exclusion of the
diabetic health-education intervention.
Intervention phase – six-month follow up
Based on the participant ID, the intervention group was allocated to Subgroup A or B,
and the non-intervention group was invited to participate in the study on different days.
Participants were informed of the date, time and place for the follow up at enrolment,
and reminded by letter two weeks prior to the follow-up phase and by telephone prior
to the commencement of the follow up.
At the six-month follow up, any changes to medications, weight, BMI, waist
circumference and BP were recorded. Blood samples were collected by the
phlebotomists for follow up HbA1c and lipid profile testing with the blood tests
performed at the Galle and Kalubowila branches of Durdans Laboratory as previously
done at baseline level. The original test reports were kept in the participants’ hospital
files and copies of the reports were stored as stipulated in the guidelines for future
reference.
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All enrolled participants were instructed to complete the heiQ™ follow up, which
included participant feedback on the education program and the way it was delivered.
Participants of Subgroup A and the non-intervention group completed the follow-up
heiQTM without any additional education intervention.
After the completion of data collection and with any changes in demographic and
biomedical data recorded, participants who had been assigned to Subgroup B received
an additional standardised structured education program individually that was identical
to the baseline health-education program.
When participants travelled specifically to take part of the study, they were paid
LKR300 (A$3) for travelling costs from the grant received from the University Grant
Commission, Sri Lanka. All participants continued their usual medical care from their
routine clinic visits.
Intervention phase – 12-month follow up
In the 12-month follow-up phase of the study, any changes to participant medical
conditions or medications, weight, BMI, waist circumference and BP were recorded
(Subgroups A and B and non-intervention group). Blood samples were collected for
follow up HbA1c and lipid profile testing. The heiQ™ follow up was administered to
all enrolled participants in three groups, Subgroups A and B, and the non-intervention
group, and completed forms were stored securely with their ID numbers in order to
analyse for any significant differences in their knowledge about diabetes during the
12-month period.
Travelling reimbursement for participation and the handouts of the structured healtheducation program were given to all participants. The intervention and non-
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intervention laboratory studies were concluded at end of July 2016 with the final
measurements of all parameters and completion of the heiQTM follow-up. All data
gathered from the study were transported to Australia and participant de-identification
was performed to keep stored data according to the Australian Privacy Act 1988
(including the amendments) and patient records, directives and guidelines. Figure 19
describes the study phases.
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Phase I-Translation
Phase
Translation and back translation of
questionnaires and other materials

Phase II- Intervention
Phase
Recruitment of participants
Inclusion and Exclusion criteria

Baseline data
collection

Intervention
group

Nonintervention
group

Routine T2DM
treatment and follow
up

Phase III- 6 months follow up(non-intervention group C)

Routine T2DM treatment
and follow up

Phase IV- 12 months
follow up nonintervention group C

Phase III- 6 months follow up
(intervention group A+B)

Sub group A
No repeated SDEP

Phase IV- 12 months
follow up intervention
sub group A

Figure 19: Schematic diagram of study phases
Note: SDEP = structured diabetes program
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Randomisation of intervention
group and SDEP

Sub group B –
Repeated SDEP

Phase IV- 12 months
follow up intervention
sub group B

Data analysis and record keeping
The data were collected at enrolment (baseline), and at six-month and 12-month follow
ups from T2DM participants who undertook a structured health-education program
and those without any education intervention for specific time intervals. The data from
the intervention and non-intervention groups were compared to determine any
significant effect and influence of the pharmacist-led interventions in diabetes
management.
The baseline demographics, disease biomarkers and lifestyle parameters trended by a
simple Excel™ (Microsoft Office) data set and were then thematically analysed using
IBM® SPSS® (version 23) and R-Studio® (version 3.2.2) software packages. The
independent sample t-test was used to compare the mean values of scale variables for
intervention (subgroups A+B) with non-intervention group (group C) at baseline. The
one-way ANOVA test was used to compare the mean values of scale variables for the
three groups A, B and C. The chi-square test was used to compare the distribution of
categorical variable values between the three groups A, B and C.
For this study gender, age range, education occupation, income, length of diagnosis,
treatment type, drugs used for diabetes, inadequate fruit and vegetable consumption,
insufficient physical activity, alcohol user, smoker status, BMI category considered as
categorical variables.
HbA1c level, Total cholesterol, LDL cholesterol, HDL cholesterol, triglyceride level,
BP, Heart rate, BMI value, weight and waist circumference were considered as clinical
biomarkers.
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Follow up results were analysed in two categories, to discern between group effects
using analysis of covariance (ANCOVA), after controlling for initial values and to
discern within group effects utilizing one-way repeated measures (ANOVA), over the
passage of time.
Some patient had missing historical data; missing data was handled by using the
procedure of removing the patient records from the calculations if the clinical
biomarkers not available in all baseline and follow up total. Additionally, for heiQTM
analysis, analysis work on a subscale by subscale basis, retaining a subscale for scoring
for a participant if there are more than 50% questions present within that subscale. To
calculate the appropriate subscale score for a participant where there are missing
question responses as illustrated above, form the total of the responses to the questions
that are present and divide the total by the number of questions present. Finally,
remove those participants with more missing data than the amounts specified above
from the calculation of the benchmark values for that subscale.
To maintain confidentiality, all information gathered during the study was kept in
accordance to the Australian Privacy Act 1988 (including the amendments) and patient
medical records directives and guidelines. The participants were followed up by the
investigator on three consecutive occasions (enrolment day, six-month follow up and
12-month follow up). The connection between the code, the participant’s name and the
treating doctor’s name was retained until the end of the clinical intervention (at 12
months) to facilitate referral to the treating doctor if any risks were identified by the
investigator (e.g. hypoglycaemia or hyperglycaemia) during the study. Participants
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were approached during their routine clinic visits to the Diabetes and Endocrinology
Clinics.
Any information gathered that contained participant identification was kept in a locked
filing cabinet on site in the custody of the health facility supervised by the local
supervisor.
Following completion of the study (after the final follow-up interview) participant deidentification (removal of participant’s name and treating doctor’s name) was carried
out. Individual records containing signed informed consent and completed
questionnaires were kept in a locked filing cabinet in accordance with the Privacy Act
1988 and Health Records and Information Privacy Act 2002. All hard and e-copies
with identifiable data were password protected and securely archived for a duration of
five years, after which they will be destroyed. No personal information has been
exposed and only group data will be presented in scientific meetings and published in
scientific journals.

Study timeline
This study was developed with the intention of completion within the three years Data
collection was completed as scheduled at baseline, six months and 12 months.

Study budget
The study budget was developed based on the funds received from Charles Darwin
University and the University Grant Commission, Sri Lanka.
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Chapter V- Demographics and Baseline Results
A total of 166 participants were enrolled in the study, of which 110 were in the
intervention group and 56 in the non-intervention (control) group. Out of the 166
participants seen at baseline, 156 attended the first follow-up interview (six months).
Another four participants dropped out at the end of the 12-month follow up, resulting
in 152 participants. The retention rate after the 12-month follow up was 89.09% in the
intervention group and 96.42% in the non-intervention group. The reasons for
withdrawal were investigated and are presented in figure 20.
Total number of subjects invited
n = 233
Assessment for exclusion and
inclusion criteria

Excluded n = 43
Not participated n = 14
Total Participants n = 166

Baseline cases with education
(Subgroups A and B) n = 110

Baseline controls
n = 56

Pre-test

Discontinued n = 3
Lost n = 7
1st follow up Subgroup A: no
repeated education n = 50

1st follow up Subgroup B:
repeated education n = 51

1st follow up
control group
n = 55

6-month
follow-up

Discontinued n = 1
Lost n = 2, Died n = 1
2nd follow up Subgroup A
n = 47

2nd follow up Subgroup B
n = 51

Figure 20: CONSORT diagram for participation
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12-month
follow-up

2nd follow up
control group
n = 54

As the study was prospective, all data were collected by researcher; accordingly there
was no missing information or results for all participants. However, there were 4
participants did not complete the study (did not attend the 12 months follow-up, due
to one death, one severe illness and two did not return the calls for appointment) but
did not withdrew.

Age and gender
Most participants (72.3%, 120) were female (mean age 56.2 years, standard deviation
[SD] 8.95). Participants were divided into four age groups: 18–34 years, 35–49 years,
50–64 years and over 65 years. Sixty-two per cent were aged in the 50–64-year age
group, 75.7% of those were women. Figure 21 shows participant gender distribution
by age.

Number of participants

Age groups by gender
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78

80
60
40
20

27
0

2

25

4

17 13

0
Between 18-34 Between 35-49 Between 50-64

Over 65

Age group
Male

Female

Figure 21: Age distribution by gender

Highest level of education
Educational status was categorised into four groups: General Certificate of Education
Ordinary Level (GCE-O/L) or less, General Certificate of Education Advanced Level
(GCE-A/L) completed, diploma holder and university degree holder. Educational
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status varied: 28.3% had completed GCE-A/L, while 67.5% reported education up to
Grade 10 (GCE O/L) or below. Figure 22 shows the breakdown of education status by
gender.

Number of participants

Education status by gender
100
78

80
60

37

34

40

10

20

Male
1 3

1 2

Degree

Diploma

0
GCE O/L or
Less

GCE A/L

Level of education

Figure 22- Education status by gender

Occupation and monthly income
Occupation was categorised as permanent, temporary, self-employed, unemployed and
retired. In addition, household monthly income was categorised into four categories:
less than LKR10,000; between LKR10,000 and 30,000; between LKR30,000 and
60,000 and above LKR 60,000.
Unemployment was the highest category (39.1%) followed by self-employed (21.7%)
(Figure 23). Just over half of the participants (51.2%) had household earnings between
LKR10,000 and LKR30,000 per month, while 37.4% earned less than LKR10,000
(Figure 24).
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Number of participants

Occupation by gender
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Females

Males

Figure 23: Occupation by gender
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Females

Males

Figure 24: Household monthly income and employment distribution by gender

Duration of type 2 diabetes diagnosis
The duration since diagnosis with T2DM was categorised into four groups: less than
two years, 2–5 years, 5–10 years and over 10 years.
As shown in Figure 25, 28.9% of the sample fell in the 2–5-year group, followed by
25.9% in the 5–10-year group. The median duration since diagnosis with diabetes was
5–10 years, while the mean was 2–5 years. Overall, 75% of participants reported being
diagnosed T2DM within the past 10 years.
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Length of time since diagnosis
38

Number of participants
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Number of years since diagnosis
Males

Females

Figure 25: Time since diagnosis of type 2 diabetes by gender

Status of diabetes management
Most participants (85%) were managing their diabetes with oral hypoglycaemic
agents. Approximately one out of 10 participants was on oral hypoglycaemic agents
combined with insulin therapy, as detailed in Figure 26.
Metformin was the most prescribed medication (Table 15) as a mono- or combined
therapy, which complies with Sri Lankan guidelines for T2DM treatment.

Number of participants

T2DM treatment in the study sample by
gender
120
100
80
60
40
20
0

104

37
0

3

Diet Control

2
Oral Hypoglycaemic
treatments

1

Insulin Treatment

7

12

Oral+Insulin
Treatments

Treatment
Males

Females

Figure 26: The method of treatment of type 2 diabetes among study participants by gender

144

Table 15: Drugs prescribed for the treatment of type 2 diabetes at baseline
Total
Intervention Nonintervention
(n = 166)
(n = 110)
(n = 56)
Oral hypoglycaemic agents
Metformin

100

47

147

6

5

11

18
15

12
18

30
33

6

2

8

Mixtard insulin

14

7

21

Isophane insulin

1

0

1

Tolbutamide
Glibenclamide
Gliclazide
Sitagliptin
Insulin treatments

Comorbidity and total medications used
Three-quarters of the T2DM participants were treated with lipid lowering agents, while
half of the T2DM participants were treated for hypertension (Figure 27). In addition
to dyslipidaemia and hypertension, a few participants were treated for other conditions
such as thyroid disorders (three participants), arthritis (three participants) and one
participant had cancer.
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Other treatement the participants recieved in addition
to T2DM treatment
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Figure 27: Use of anti-hypertensives and lipid lowering drugs among study participants

Most participants who were diagnosed with dyslipidaemia were treated with
Atorvastatin. This complies with Sri Lankan guidelines for dyslipidaemia treatment
(Wijesiriwardena, 2005). There were nine different types of drugs used to treat
hypertension that combined with antidiuretics, and 10% of the participants were
treated with antidepressants (Table 16) the use of amitriptyline also complies with the
Sri Lankan guidelines for depression treatment.
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Table 16: Varieties of drugs prescribed other than for type 2 diabetes at baseline
Intervention
(n = 110)

Nonintervention
(n = 56)

84 (76.4%)

41 (73.2%)

125 (75.3%)

31 (28.2%)
25 (22.7%)
5 (4.5%)
2 (1.8%)
1 (0.9%)
5 (4.5%)
1 (0.9%)
0
2 (1.8%)
1 (0.9%)

15 (26.8%)
10 (17.9%)
3 (5.4%)
2 (3.6%)
1 (1.8%)
1 (1.8%)
0
1 (01.8%)
6 (10.7%)
0

46 (27.7%)
35 (21.1%)
8 (4.8%)
4 (2.4%)
2 (1.2%)
6 (10.7%)
1 (0.6%)
1 (0.6%)
8 (4.8%)
1 (0.6%)

Aspirin
Clopidogrel

44 (40.0%)
4 (3.63%)

12 (21.4%)
2 (3.6%)

Diuretics
Furosemide

3 (2.7%)

Treatments

Total
(n = 166)

Dyslipidaemia treatment
Atorvastatin
Anti-hypertensives
Losartan
Enalapril maleate
Atenolol
Nifedipine
Amlodipine
Diltiazem
Indapamide
Prazosin
Hydrochlorothiazide
Carvedilol
Antiplatelet drugs

0

56 (33.7%)
6 (10.7%)
3 (1.8%)

Antidepressants
Amitryptyline
Anti-epileptic drugs
Gabapentin

12 (10.9%)

05 (8.9%)

17 (10.2%)

1 (0.9%)

0

1 (0.6%)

2 (1.8%)

1 (1.8%)

3 (1.8%)

Hypothyroidism treatments
Thyroxin

Diabetes complications
Diabetes complications were identified from participants’ medical records.
Complications were categorised as eye disease, kidney disease, neuropathy, erectile
dysfunction and heart disease (Table 17). The most prominent complication in both
males (43.5%) and females (35.0%) was peripheral neuropathy (37.3% of total sample)
followed by eye disease (15.7%).
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Table 17: Diabetes complications recorded among the study participants
Diabetes Complication

Males (n = 46)

Females
(n = 120)

Total (n = 166)

Eye Disease
Kidney Disease

12
03

14
02

26
05

Neuropathy

20

42

62

Heart Disease

04

01

05

Erectile Dysfunction

02

0

02

Inadequate fruit and vegetable consumption
A total of 53 (31.93%) participants were considered to have inadequate fruit and
vegetable consumption (Figure 28).

Fruits and vegetables intake

53
113

Adequate

Inadequate

Figure 28: Fruit and vegetable intake in the study sample population

Insufficient physical activity
In this study people who did not participate in additional physical activity to their work
or domestic activities were considered to have a sedentary lifestyle. Based on baseline
data, 50% of the study population had a sedentary lifestyle with insufficient physical
activity.

148

Smoker status
Eleven (23.9%) males out of 46 were current smokers, compared to zero females (Sri
Lankan women generally do not smoke).

Alcohol consumption
Thirteen participants reported consuming alcohol, with five using alcohol on an
occasional social basis, and six being chronic alcohol users.

Weight
The mean weight of all participants was compared using an independent sample t-test
without assuming equal variances. The Shapiro-Wilk test of normality was used to
determine the normal distribution (Figure 29). Weight was normally distributed in both
the intervention and non-intervention groups in the Shapiro-Wilk test (nonintervention group, p = 0.054 and intervention group, p = 0.110). The t-test was not
statistically significant for weight between the non-intervention (M = 61kg, SD = 9.2)
and intervention groups (M = 59kg, SD = 10.31), t = 1.26, p = 0.210, two-tailed).
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Weight

kilograms

Gender
Figure 29: Weight variation among study participants

Body mass index
BMI is a value derived as a function of mass and height that attempts to quantify the
amount of tissue mass in an individual. It is a modifiable lifestyle factor, which the
study aimed to improve through patient education by increasing awareness of obesity
and its consequent risk for complications, including cardiovascular risk.
A 55-year-old female had the highest BMI (46.4). The highest male BMI was 33.7.
An independent sample t-test indicated the BMI levels were not significantly different
between intervention and non-intervention groups at baseline (p = 0.878). The average
BMI was 24.8 (SD = 4.25) and 24.7 (SD = 3.45) among intervention and nonintervention groups respectively, but there were variances among the BMI values of
the two groups. The scatter plots of BMI variation with weight of the study participants
is illustrated in Figure 30, revealing the lower BMI in males.
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Figure 30: Body mass index (Kg/m2) distribution among study participants

Waist circumference
A waist circumference of 102 centimetres (40 inches) or less in men, or 88 centimetres
(35 inches) or less in women is normal and above theses values are associated with
health problems such as T2DM.
The highest waist circumference at baseline was in a 50-year-old female (120cm). The
highest male waist circumference was 102cm in a 63-year-old) (Figure 31).
An independent sample t-test compared the means between the two samples without
assuming equal variances, indicating that the samples were not statistically significant
to each other (t = 1.09, p = 0.280).
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waist circumference in (cm)

Gender

Figure 31: Waist circumference comparison among study participants

Glycosylated haemoglobin levels
HbA1c is formed by the non-enzymatic reaction of glucose with haemoglobin
molecules and reflects the average level of glucose during the previous two to three
months. Quantitative measurement of HbA1c in whole blood at the recommended time
intervals aids the monitoring of long-term glycaemic control in diabetes (World Health
Organization, 2006). Every participant has their own glycaemic target based on their
other disease conditions and complications; however, all must remain <7mmol/L.
Thus, it was essential to measure the level of HbA1c in the study participants to
determine the effect of health education on self-management of diabetes. The variation
in HbA1c between study participants is described in Figure 32.
Based on the primary analysis of results, the average level of HbA1c was compared
with the independent t-test between intervention and the non- intervention group. The
Shapiro-Wilk statistic was significant (p > 0.05), indicating that the assumption of
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normality was not violated. Hence the independent t-test revealed no significant
difference (t = 0.38, p = 0.704, two-tailed) between the intervention (M = 8.56mmol/L,
SD = 1.62) and non-intervention groups (M = 8.65mmol/L, SD = 1.45) at baseline.
But it was worthwhile noting the poor glycaemic control (>7mmol/L) among

HbA1c

participants with elevated levels of HbA1c (8.6mmol/L) on average.

Gender
Figure 32: Glycaemic control represented by glycosylated haemoglobin among study
participants

Total cholesterol
Figure 33 compares the total cholesterol level between the two study groups, revealing
the differences between males and females. Ninety-four participants had total
cholesterol levels <180mg/dL or <4.6mmol/L, 67 of those were female.
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Total cholesterol

Gender
Figure 33: Baseline total cholesterol level among study participants

The independent sample t-test compared the total cholesterol between the intervention
and non-intervention groups. The Shapiro-Wilk test of normality was used to
determine the normal distribution. Results for both groups were normally distributed
with respect to the total cholesterol level (non-intervention group p = 0.640 and
intervention group p = 0.087). The t-test was not statistically significant for total
cholesterol between the non-intervention group (M = 181.3mg/dL, SD = 38.9) and the
intervention group (M = 189.9mg/dL, SD = 44.1), (t = –1.28, p = 0.202, two-tailed).

High density lipoprotein cholesterol
The normal level of HDL is considered as higher than 60mg/dL or >1.6mmol/L.
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HDL

Gender
Figure 34: Gender distribution of high density lipoprotein cholesterol

As shown in Figure 34, average HDL cholesterol levels were reported more among
females than males, meaning that the men had a greater risk of getting CVDs than the
women.
The independent sample t-test was performed to compare the total cholesterol between
the intervention and non-intervention groups and the Shapiro-Wilk test of normality
was used to determine the normal distribution. Results for both groups were normally
distributed with respect to the total cholesterol level (non-intervention group, p = 0.640
and intervention group, p = 0.082). Comparison of the means revealed that there was
no statistically significant difference between the two groups for HDL level. Mean
HDL level for the non-intervention group was M = 45.0mg/dL (SD = 9.0) and the
intervention group mean was M = 44.4mg/dL (SD = 8.5), (t = –0.08, p = 0.940, twotailed).
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Low density lipoprotein cholesterol
The normal level of LDL is considered as Less than 100mg/dL or <2.6mmol/L.
There were 78 participants with an LDL level less than 100mg/dL or <2.6mmol/L and
53 of those were female (Figure 35).

Gender

Figure 35: Gender distribution of low density lipoprotein cholesterol

The Shapiro-Wilk test of normality was used to determine the normal distribution of
both groups, and results were normally distributed with respect to LDL cholesterol
(non-intervention group, p = 0.064 and intervention group, p = 0.082). The
independent sample t-test was performed to compare the groups for LDL cholesterol
and was not statistically significant for LDL cholesterol between the non-intervention
group (M = 109.5mg/dL, SD = 35.9) and intervention group (M = 100.1mg/dL, SD =
35.5), (t = 1.61, p = 0.111, two-tailed).

Triglycerides
The normal triglyceride level is considered to be less than 150mg/dL or <1.7mmol/L.
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Gender

Figure 36: Baseline triglyceride levels among type 2 diabetes patients

Average TGs in the non-intervention group was 129.1mg/dl (SD = 46.7) and
126.3mg/dl (SD = 64.4) in the intervention group (Figure 36). An independent t-test
revealed that the TG levels were not significantly different between non-intervention
and intervention groups at baseline. (t = 0.32, p = 0.750, two-tailed).
In summary, no significant differences between the two groups were recorded at
baseline with respect to total cholesterol, LDL cholesterol, HDL cholesterol and TGs.

Blood pressure
BP consists of two pressure readings. Systolic BP indicates the pressure when the heart
is contracting, specifically the maximum arterial pressure during contraction of the left
ventricle of the heart that pushes the blood towards the rest of the body. Diastolic BP
is read from the lowest arterial BP of a cardiac cycle occurring during relaxation and
dilatation of the arteries of the heart. Thus, the two BP readings were analysed
separately. Less than 135/80 mmHg were considered for normal systolic and diastolic
blood pressure based on diabetes condition.
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Systolic blood pressure
The data show that 52.4% of the participants had hypertension that was treated with
anti-hypertensive drugs. The average systolic BP recorded was 128 mmHg, which lies
within the target systolic pressure (>135 mmHg). No significant differences between
the intervention and non-intervention samples were found at the 5% significance level,
although the average value for males was 130 mmHg and 125 mmHg for females
(Figure 37).

Number of participants

Systolic blood pressure
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Avarage systolic blood pressure
Controls
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Figure 37: Systolic blood pressure among type 2 diabetes control (non-intervention) and case
(intervention) groups

The independent sample t-test for comparison of means between the two groups with
the assumption of not equal variances indicates that the systolic pressure was not
significantly different between intervention and non-intervention groups at baseline. (t
= 1.13, p = 0.260). The average systolic pressure among the non-intervention group
was 129 mmHg (SD = 16.7) while it was 126 mmHg (SD = 16.3) among the
intervention group.
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Diastolic blood pressure
Average diastolic pressure among both females and males was 81mmHg, with average
diastolic pressure among the intervention group at 80 mmHg and 85 mmHg among the
non-intervention group.
The most commonly prescribed medication groups were Losartan and Enalapril, and
the prescribing choice was based on individual participant responses rather than
differences in the drug’s action (Figure 38).

Antihypertensive medications used by study
participants

Antihypertensive medications
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Figure 38: Anti-hypertensive drug use among type 2 diabetes control(non-intervention) and
case (intervention) groups

There was a significant difference between the two groups with respect to their
baseline diastolic pressure determined by the independent sample t-test (nonintervention group, M = 85, SD = 9.1 and intervention group, M = 80, SD = 9.2), (t =
3.5, p = 0.001, two-tailed at 0.05% significance level).
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Heart rate
The normal resting heart rate for an adult range is 60-100 beats per a minute. An
independent sample t-test with the assumption of normal distribution for heart rate
was undertaken on the non-intervention and intervention groups (Shapiro-Wilk nonintervention group p = 0.472 and intervention group p = 0.159), and the mean heart
rate was M = 81 beats per minute [bpm] (SD = 11.0) for the non-intervention group
and M = 78bpm (SD = 11.6) for the intervention group. The groups were comparable
with no significant differences (t = 1.44, p = 0.152, two-tailed). Table 18 summarise
all clinical biomarkers at the baseline level of the study.
Table 18 Summary of all clinical biomarkers of intervention subgroups and non-intervention
group at the baseline level
Sub group A (Intervention)
Measurement

HbA1c level
(mmol/L)
Systolic
Pressure
(mmHg)
Diastolic
Pressure
(mmHg)
Heart rate
(bpm)
Total
Cholesterol
(mg/dL)
HDL Cholesterol
(mg/dL)
Triglycerides
(mg/dL)
LDL Cholesterol
(mg/dL)
BMI Value
(kg/m2)

N

Mean

Std.
Dev.

S.E.
of
mean

Sub group B(Intervention)

N

Mean

Std.
Dev.

S.E.
of
mean

Group C (Non-intervention)

N

Mean

Std.
Dev.

S.E.
of
mean

59

8.6

1.6

0.2

51

8.45

1.6

0.23

56

8.6

1.4

0.2

59

126.2

15.3

2.0

51

126.4

17.3

2.4

56

129.4

16.7

2.2

59

79.6

9.2

1.2

51

79.6

9.6

1.4

56

84.9

9.1

1.2

59

79.8

10.7

1.4

51

76.9

12.5

1.8

56

81.1

11.0

1.5

59

191.9

50.1

6.5

51

187.4

36.4

5.1

56

181.3

38.9

5.2

59

45.4

8.4

1.1

51

44.7

8.6

1.2

56

45.0

9.0

1.2

59

122.9

59.2

7.7

51

130.2

70.4

9.9

56

129.1

46.7

6.2

59

100.9

34.0

4.4

51

99.2

36.9

5.2

56

109.5

35.9

4.8

59

24.7

3.8

0.5

51

24.9

4.7

0.66

56

24.7

3.4

0.5

Table 19 summarises the independent sample t-test results applied to determine the
comparison of mean measurements of Subgroups A+B and Group C (non-intervention
group). Based on the findings, intervention and non-intervention groups were
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representative samples to each other, except for diastolic pressure and height. Both
diastolic pressure (t = 3.50, p = 0.001) and height (t = 2.17, p = 0.044) were statistically
significant between the study samples.
Table 19: Independent sample t-test results comparing mean measurement values of
Intervention (subgroups A + B) and non-intervention (Group C)
t-test for Equality of Means
Measurement

Mean Difference
b/w intervention
and nonintervention group

Standard
Error of
Difference

t1

df2

Significance

HbA1c level (%)

0.09

0.25

0.38

121.7

0.704

Systolic pressure (mmHg)

3.07

2.71

1.13

107.9

0.260

Diastolic pressure (mmHg)
Heart rate (bpm)

5.28
2.65

1.51
1.84

114.2
116.0

0.001**
0.152

–8.58

6.69

3.50
1.44
–
1.28

123.9

0.202

–0.11

1.45

–
0.08

105.2

0.940

Triglycerides (mg/dL)

2.80

8.76

0.32

144.6

0.750

LDL cholesterol (mg/dL)

9.41

5.86

108.9

0.111

–0.09

0.61

132.8

0.878

–0.48

1.49

1.61
–
0.15
–
0.32

107.0

0.748

Weight (kg)

1.99

1.58

1.26

122.2

0.210

Height (cm)

2.81

1.30

2.17

121.2

0.032*

Waist circumference (cm)

1.37

1.26

1.09

139.3

0.280

Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)

BMI value (kg/m2)
Age (year)

*
**
1
t
2
df

Indicates the between-group effect is statistically significant at the p < 0.05 level
Indicates the between-group effect is statistically significant at the p < 0.01 level
independent t-test
degree of freedom
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Chapter VI – Comparison of intervention and non-intervention
Group Results
This chapter compares the intervention group (Subgroups A and B together) with the
non-intervention group (Group C) at three-time intervals: baseline, six-month follow
up and 12-month follow up.

Baseline primary and secondary outcome and categorical variables
The comparison of Subgroups A and B, and Group C was performed for the baseline
characteristic using one-way analysis of variance (ANOVA), summarised in Table 20.
Based on the findings, diastolic pressure and height was significantly different,
confirming the independent sample t-test findings.

Table 20: One-way ANOVA results comparing the mean measurement values of Subgroups
A, B and Group C
Measurement

F value

Significance

HbA1c level (%)

0.279

0.757

Systolic pressure (mmHg)

0.651

0.523

Diastolic pressure (mmHg)
Heart rate (bpm)

5.970
1.899

0.003**
0.153

Total cholesterol (mg/dL)

0.908

0.406

HDL cholesterol (mg/dL)

0.097

0.908

Triglycerides (mg/dL)

0.250

0.779

LDL cholesterol (mg/dL)

1.330

0.267

BMI value (kg/m )

0.075

0.928

Age (yr)

0.669

0.514

Weight (kg)

0.954

0.387

Height (cm)

3.185

0.044*

Waist circumference (cm)

0.598

0.551

2

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
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The one-way ANOVA (Table 20) indicate that there was some significant difference
for diastolic pressure and for height, but not specifically which pairwise difference.
Therefore, pairwise differences were further considered to determine the significant
difference using the multiple comparison of the Tukey honestly significant difference
(HSD) test of the one-way ANOVA test (Table 21). Findings reveal a significant
difference in diastolic pressure between Subgroup A (p = 0.008) and Subgroup B (p =
0.011) of the intervention group compared to the non-intervention group. Further
analysis indicates that diastolic pressure among the intervention group (Subgroups A
& B) at about 5mmHg diastolic pressure was lower than the non-intervention group.
Height measurements were significantly different between Subgroup B (p = 0.034)
and the non-intervention group. Further findings revealed that participants in the nonintervention group were 4cm taller on average than the participants in Subgroup B.

Table 21: One-way ANOVA test: Multiple comparisons (Tukey HSD)
Dependent
Variable

Subgroup
A

Diastolic
Pressure
(mmHg)

B
C
A

Height (cm)

B
C

Subgroup

Mean
Difference

Standard
Error

Significance

B

0.000

1.781

1.000

C

–5.284

1.738

0.008**

A
C

0.000
–5.283

1.781
1.803

1.000
0.011*

A

5.284

1.738

0.008**

B

5.283

1.803

0.011*

B
C

2.1648
–1.8098

1.5561
1.5184

0.348
0.460

A

–2.1648

1.5561

0.348

C

–3.9746

1.5753

0.034*

A
B

1.8098
3.9746

1.5184
1.5753

0.460
0.034*

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
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Comparison of categorical variables at baseline
Intervention and non-intervention groups were compared for demographic
characteristics (gender, age range, highest level of education, occupation, income,
length of diagnosis of T2DM), type of treatment, drugs used for the treatment of
T2DM, inadequate fruit and vegetable consumption, insufficient physical activity,
alcohol consumption, smoking and BMI at baseline by the study population for their
independence using the chi-square test as summarised in Table 22.

Table 22: Chi-square test for independence of categorical variables
Categorical Variable

Chi-square

df

Significance

Gender

1.576

2

0.455

Age Range

2.751

6

0.839

Education
1
Occupation

4.068
8.207

6
8

0.667
0.414

2

Income

5.868

6

0.438

3

Length of Diagnosis

5.543

6

0.476

4

7.758

6

0.256

Metformin

1.832

2

0.400

Tolbutamide

3.086

2

0.214

Glibenclamide

0.672

2

0.714

11.736
0.325

2
2

0.003**
0.850

Atorvastatin

3.715

2

0.156

5

Inadequate fruit

3.352

2

0.187

6

Inadequate vegetables

10.168

2

0.006

7

Insufficient physical activity

9.431

2

0.009**

Alcohol user

4.929

2

0.085

Smoker

6.744

2

0.034*

BMI Category

3.197

6

0.784

Treatment Type

Gliclazide
Sitagliptin

1

Employed/unemployed

2

Low income/high income

3

Diagnosed 12 months ago or more

4

Oral/injectable therapy

5

Less than 3 pieces /day
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6

Les than 5 pieces / day

7

Less than active 30minutes 5 times / week

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level

No significant differences between groups were detected among most of the study
variables at the baseline. The only significant differences that arose were for the
prescribing pattern of the medication Gliclazide, the level of physical activity and
smoking. Patients taking more than one drug for diabetes excluded from this analysis.
These three variables were further analysed to detect variances of the distribution
(Table 23).
Table 23: Frequency distribution in Subgroups
A, B and Group C for Gliclazide
Gliclazide
No

Yes

Subgroup A
Subgroup B

55
40

4
11

Non-intervention group C

38

18

The frequency distribution in subgroup level revealed that Gliclazide is a less
commonly prescribed drug among the study participants for T2DM, and it is less
frequently prescribed among Subgroup A than in other groups. Thus, it disclosed the
significant difference between the subgroup level comparison (p = 0.003).

Table 24: Frequency distribution in Subgroups A and B
and Group C for insufficient physical activity
Insufficient
physical activity
No

Yes

Subgroup A

20

39

Subgroup B

24

27

Non-intervention group C

35

21

165

Table 24 shows that Subgroup A appeared less physically active than Subgroup B and
the non-intervention group, with a significant difference of p = 0.009.

Table 25: Frequency distribution in Subgroups A
and B, and Group C for smoking
Smoker
No

Yes

Subgroup A
Subgroup B

55
51

4
0

Group C

49

7

There were more smokers among the non-intervention group than in the intervention
group, and they were under represented in Subgroup B compared to the other groups
(Table 25). However, there were very few smokers reported in the study.
Microsoft Words™ readability statistics for the health education programme was
carried out and the summary results outlined in figure 39.

Figure 39 Microsoft Words™ readability statistics for the education pack
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Follow-up comparison of variables in the intervention and nonintervention groups
This section compares results for the study groups (non-intervention and intervention
groups without considering the subgrouping level in the intervention group), at the six
and 12-month follow ups.
Glycosylated haemoglobin level
Figure 40 shows a clear trend of decreasing mean level of HbA1c among the
intervention group (Subgroups A & B) compared to the non-intervention group, and a
corresponding 95% confidence interval. However, the non-intervention group also
showed a minor reduction in the level of HbA1c at the 12-month follow up.

Figure 40: Mean values and corresponding 95% confidence intervals for glycosylated
haemoglobin (%) at baseline, 6 months and 12 months

The ANOVA analysis for significance and the size of effect for the combined
Subgroups (A & B) relative to the non-intervention group revealed a significant
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difference in all comparison groups (baseline to 6 months [0–6], 6 months to 12
months [6–12] and from baseline to 12 months [0–12]).

Table 26: Summary of between-group effects for glycosylated haemoglobin (%) at baseline,
6 months and 12 months
Measurement Time
Interval
(months)
0–6
HbA1c (%)

6–12
0–12

Difference FBetween
statistic
Groups
Subgroups
A+B vs.
Group C

Significance

Size of Effect
Δ (HbA1c) (%)

17.94

<0.001**

–0.69

7.89

0.006**

–0.64

17.47

<0.001**

–0.95

** Indicates the between-group effect is statistically significant at the p < 0.01 level

The ANCOVA analysis indicated that, after accounting for the effects of baseline
HbA1c, there was a positive impact of the recurrent education program on selfmanagement towards glycaemic control. This was confirmed with findings of the
significant differences in HbA1c level at the 6-month and 12-month follow up. The
baseline to 6-month finding was F = 17.94, p = <0.001; 6–12 months was F = 7.89, p
= 0.006; and baseline–12 months was F = 17.47, p = <0.001. These findings were
significant at α = 0.05 level (Table 26).
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Table 27: Summary of within-group effects for glycosylated haemoglobin (%) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group

Pairwise Comparisons

Group

Time Interval
(months)

Significance

0–6

<0.001**

0–12

<0.001**

6–12

n.s.*

0–6
0–12

n.s.*
n.s.*

6–12

n.s.*

Groups
A+B

F-statistic

44.958

Significance

<0.001**

HbA1c (%)
Group C

n.s.

n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

One-way ANOVA analysis for repeated measures within group indicated that none of
the mean HbA1c levels were significant in the non-intervention group at the baseline
to six months, six to 12 months and baseline to 12 months (Table 27).
However, the intervention group showed significant improvement of HbA1c from
baseline to six months and baseline to 12 months with F = 44.958, p = <0.001
significance, while overall reduction in mean HbA1c level from six months to 12
months was not significant.
Systolic pressure
The mean systolic pressure between groups did not change significantly from baseline
to the six-month follow up (Table 28 & Figure 41) as revealed by the analysis. There
was a substantial reduction of systolic pressure between the six-month and 12-month
follow up among the intervention group (F = 15.20, p = <0.001) compared to the nonintervention group, which had higher systolic pressure at the six to 12-month follow
up.
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Table 28: Summary of between-group effects for systolic pressure (mmHg) at baseline, 6month and 12-month follow up
Difference
Measurement Time
Interval between
(months) Groups
Systolic
Pressure
(mmHg)

0–6
6–12
0–12

Subgroups
A+B vs.
Group C

FSignificance
statistic

Size of Effect
Δ (Systolic
Pressure) (mmHg)

n.s.
15.20

n.s.
<0.001**

n.s.
–9.53

14.97

<0.001**

–9.17

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Similarly, the baseline to 12-month comparison showed a significant change in the
intervention group, with F = 14.97, p = <0.001 in comparison to the non-intervention
group.

Figure 41: Mean values and corresponding 95% confidence intervals for systolic pressure
(mmHg) at baseline, 6 months and 12 months

Repeated measures within groups by ANOVA analysis revealed significance at the
baseline to 12-month comparison in the intervention group compared to the nonintervention group. Systolic pressure was normal at the baseline in both groups, and
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no significant reduction was recorded between the follow ups except the change
between baseline and the 12 months follow-up (Table 29).

Table 29: Summary of within-group effects for systolic pressure (mmHg) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A+B

Fstatistic

6.133

Significance

0.003**

Systolic
Pressure
(mmHg)
C

n.s.

n.s.

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6

n.s.

0–12

0.002**

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Diastolic pressure
The group effects between the intervention and non-intervention for diastolic pressure
was determined using ANCOVA and controlling for initial diastolic pressure. On
average, diastolic pressure had a significant reduction from six to 12 months (F =
11.33, p = 0.001) and baseline to 12 months (F = 7.90, p = 0.006). This result was
significant at the α = 0.05 level (Table 30).
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Table 30: Summary of between-group effects for diastolic pressure at baseline, 6 months and
12 months
Measurement Time
Interval
(months)
Diastolic
Pressure
(mmHg)

0–6
6–12
0–12

Difference
between
Groups

Fstatistic

Significance

Size of Effect
Δ (Diastolic
Pressure)
(mmHg)

Subgroups
A+B vs.
Group C

n.s.

n.s.

n.s.

11.33

0.001**

–4.43

7.90

0.006**

–4.03

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Figure 42 indicates the small reduction in diastolic pressure between the six and 12month follow ups in the intervention group, and stable average pressure among the
non-intervention group throughout the study.

Figure 42: Mean values and corresponding 95% confidence intervals for diastolic pressure
(mmHg) at baseline, 6 months and 12 months

One-way ANOVA for repeated measures within-group analysis revealed a statistical
significance in the intervention group (F = 3.064, p = 0.049) in comparison to the non-
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intervention group during the study (Table 31). However, none of the repeated
measures of the non-intervention group were significantly different. Pairwise
comparison further revealed the significant change in diastolic pressure at the sixmonth to 12-month follow-up period (p = 0.031).
Table 31: Summary of within-group effects for diastolic pressure (mmHg) at baseline,
6 months and 12 months
Measurement

Diastolic
Pressure
(mmHg)

One-Way ANOVA for Repeated
Measures within Group

Pairwise Comparisons

Group

F-statistic

Significance

Subgroups
A+B

3.064

0.049*

Group C

n.s.

n.s.

Time Interval
(months)
0–6
0–12
6–12
0–6
0–12
6–12

Significance
n.s.
n.s.
0.031*
n.s.
n.s.
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
n.s. not significant

Total cholesterol
Figure 43 illustrates the distribution of mean total cholesterol in the non-intervention
and intervention groups from baseline to 12 months.

Figure 43: Mean values and corresponding 95% confidence intervals for total cholesterol
(mg/dL) at baseline, 6 months and 12 months
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There was a slight change of total cholesterol in the non-intervention group from
baseline to six months, while there was a sharp increase between the six-month and
12-month follow up in the non-intervention group. This provides evidence of
uncontrolled diabetes during the study period. Similarly, the intervention group
showed a sharp decrease over the period from baseline to six months, and the mean
total cholesterol further dropped to 165.8 mg/dL at the end of the study period.
The ANCOVA analysis (Table 32) shows significant difference between the nonintervention and intervention groups with respect to their total cholesterol from
baseline to six months (F = 5.58, p = 0.019), six months to 12 months (F = 21.61, p =
<0.001) and baseline to 12 months (F = 30.71, p = <0.001) at the α = 0.05 level after
controlling for initial total cholesterol.

Table 32: Summary of between-group effects for total cholesterol (mg/dL) at baseline, 6
months and 12 months
Difference
Measurement Time
Interval between
(months) Groups
Total
Cholesterol
(mg/dL)

0–6
6–12
0–12

Subgroups
A+B vs.
Group C

FSignificance
statistic

Size of Effect
Δ (Total Cholesterol)
(mg/dL)

5.58

0.019*

–10.99

21.61
30.71

<0.001**
<0.001**

–24.94
–30.35

* Indicates the between-group effect is statistically significant at the p < 0.05 level.
** Indicates the between-group effect is statistically significant at the p < 0.01 level

The total cholesterol level within the non-intervention group (group C) had a
significantly increased (F = 3.986, p = 0.031) at α = 0.01 significance level between
the six to 12-month follow up, while pairwise comparison indicated that the difference
at baseline to six months and baseline to 12 months was p = <0.001 in the intervention
group (Table 33).
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Table 33: Summary of within-group effects for total cholesterol (mg/dL) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

Total
Cholesterol
(mg/dL)

Subgroups
A+B

Group C

Fstatistic

19.013

3.986

Significance

<0.001**

0.031*

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6

<0.001**

0–12

<0.001**

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

0.038*

* Indicates the between-group effect is statistically significant at the p < 0.05 level.
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

High density lipoprotein
There was a reduction in HDL within the first six months of the study in the nonintervention group, while there was an increased level in the Intervention group (sub
groups A+B) with no significant difference (Figure 44). This provides additional
evidence of higher protection against heart disease in the intervention group compared
to the non-intervention group. However, the opposite effect was shown between six to
12 months, with a reduction in HDL in the intervention group while it increased in the
group C. Thus, ANCOVA revealed significant differences between the six-month and
12-month follow up (F = 37.87, p = <0.001) and baseline to 12 months (F = 33.53, p
= <0.001) as summarised in Figure 44 and Table 34.
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Figure 44: Mean values and corresponding 95% confidence intervals for high density
lipoprotein (mg/dL) at baseline, 6 months and 12 months
Table 34: Summary of between-group effects for high density lipoprotein at baseline, 6
months and 12 months
Measurement Time
Interval
(months)
0–6
HDL (mg/dL)

6–12
0–12

Difference Fbetween
statistic
Groups
Groups
A+B vs.
Group C

Significance Size of Effect
Δ (HDL
Cholesterol)
(mg/dL)

n.s.

n.s.

n.s.

37.87

<0.001**

–6.027

33.53

<0.001**

–5.672

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Similarly, significant difference was revealed in the intervention group (F = 16.44, p
= <0.001) during the study period based on analysis of within-group difference using
one-way ANOVA for repeated measures (Table 35). Pairwise comparison further
revealed the significant change in baseline to 12 months (p = <0.001) and six months
to 12 months (p = <0.001). None of the significant changes of HDL level were reported
in the non-intervention group during the study period.
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Table 35: Summary of within-group effects for high density lipoprotein (mg/dL) at baseline,
6 months and 12 months using one-way ANOVA for repeated measures
Measuremen One-Way ANOVA for Repeated
t
Measures within Group
Group

Fstatistic

Significance

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6
A+B

16.443

<0.001**

HDL
Cholesterol
(mg/dL)
C

n.s.

n.s.

n.s.

0–12

<0.001**

6–12

<0.001**

0–6

n.s.

0–12

n.s.

6–12

n.s.

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Triglycerides
As shown in Figure 45, there was steady reduction of TGs in both groups from baseline
to the first the follow-up period at six months, while there was an unanticipated rise of
TGs in the intervention group at the end of the study.

Figure 45: Mean values and corresponding 95% confidence intervals for triglycerides
(mg/dL) at baseline, 6 months and 12 months
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However, after controlling for the initial TGs, ANCOVA analysis (Table 36) revealed
a significant change in triglyceride level between the intervention and non-intervention
groups at six months to 12 months (F= 10.93, p = 0.001) and baseline to 12 months (F
= 15.20, p = <0.001).

Table 36: Summary of between-group effects for triglycerides (mg/dL) at baseline, 6 months
and 12 months
Measurement

Triglycerides
(mg/dL)

Time
Interval
(months)

Difference
between
Groups

Fstatistic

Significance

Size of Effect Δ
(Triglycerides)
(mg/dL)

0–6

Subgroups
A+B vs.
Group C

n.s.

n.s.

n.s.

10.93
15.20

0.001**
<0.001**

–32.41
–34.47

6–12
0–12

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Table 37 indicates that one-way ANOVA for repeated measures revealed significant
changes to TGs at six months to 12 months in the intervention group (p = 0.003) and
baseline to 12 months (p = 0.001 at α = 0.05 level) and six to 12 months (p = 0.044 at
α = 0.01 level) of the group C.
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Table 37: Summary of within-group effects for triglycerides (mg/dL) at baseline, 6 months
and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A+B

Fstatistic
6.326

Significance

0.004**

Triglycerides
(mg/dL)
C

8.02

0.001**

Pairwise Comparisons
Time Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

0.003**

0–6
0–12

n.s.
0.001**

6–12

0.044*

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Low density lipoprotein

LDL was moderately lower in the Intervention (subgroup A+B) group than the nonintervention group at baseline, and increased sharply at the six-month follow up and
remained constant at the end of the study (Figure 46). The LDL level remained
constant in the control group (C) up to six months, and showed a steady increase at the
end of the study.
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Figure 46: Mean values and corresponding 95% confidence intervals for low density
lipoprotein (mg/dL) at baseline, 6 months and 12 months

Based on the analysis of ANCOVA summarised in Table 38, after controlling for
initial LDL there was significant change of LDL level between the six-month (F =
11.15, p = 0.001 at α = 0.05 level) and 12-month follow up (F = 6.11, p = 0.015 at α =
0.01 level) while there was no significant change from baseline to the six-month follow
up in either group.
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Table 38: Summary of between-group effects for low density lipoprotein (mg/dL) at
baseline, 6 months and 12months
Difference FMeasurement Time
Significance
Interval between
statistic
(months) Groups
0–6
LDL (mg/dL)

6–12
0–12

n.s.

Subgroups
A+B vs.
Group C

11.15
6.11

Size of Effect
Δ (LDL
Cholesterol)
(mg/dL)

n.s.

n.s.

0.001**
0.015*

–19.55
–15.31

* Indicates the between-group effect is statistically significant at the p < 0.05 level.
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Similarly, significant difference was revealed only in the non-intervention group (F =
10.109, p = <0.001) based on analysis of within-group difference using one-way
ANOVA for repeated measures (Table 39). Pairwise comparison further revealed
significant change between baseline and 12 months (p = 0.004) and six months to 12
months (p = <0.001). As per the ANOVA analysis, no significant change in LDL was
reported in the intervention group during the study period.

Table 39: Summary of within-group effects for low density lipoprotein (mg/dL) at baseline,
6 months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A+B

Fstatistic

Significance

n.s.

n.s.

LDL
Cholesterol
(mg/dL)
C

10.109

<0.001**

Pairwise Comparisons
Time
Interval
(months)
0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6

n.s.

0–12

0.004**

6–12

<0.001**

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant
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Significance

Heart rate
Figure 47 shows there was a steady reduction of heart rate in the group C from baseline
to six months and a slight increase at the end of the study.

Figure 47: Mean values and corresponding 95% confidence intervals for heart rate at
baseline, 6 months and 12 months

The heart rate in the intervention group remained approximately constant for the first
six months and slightly increased at the end of the study, showing significant change
(F = 8.05, p = 0.005) compared to the non-intervention group (Table 40).

182

Table 40: Summary of between-group effects for heart rate at baseline, 6 months and 12
months
Difference
Measurement Time
Interval between
(months) Groups
0–6
Heart Rate
(bpm)

6–12
0–12

Subgroups
A+B vs.
Group C

Fstatistic

Significance

Size of Effect
Δ (Heart Rate)
(bpm)

4.07

0.045*

4.01

n.s.

n.s.

n.s.

8.05

0.005**

4.78

* Indicates the between-group effect is statistically significant at the p < 0.05 level.
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Similarly, one-way ANOVA for repeated measures revealed significant changes in
heart rate in the intervention group (F = 3.381, p = 0.039 at α = 0.01 level) and nonintervention group (F = 8.341, p = >0.001 at α = 0.05 level) over the study period
(Table 41).

Table 41: Summary of within-group effects for heart rate at baseline, 6 months and 12
months
Measureme
nt

One-Way ANOVA for Repeated
Measures within Group
Group

Subgroups
A+B

Fstatistic

3.381

Significance

0.039*

Heart Rate
(bpm)
Group C

8.341

<0.001**

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6

0.001**

0–12

0.046*

6–12

n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level.
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Body mass index
As can be seen from Figure 48 and Table 42, BMI value decreased in the intervention
group in comparison to the non-intervention group, revealing the positive impact of
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education intervention towards physical activity and weight control in the study
participants.

Figure 48: Mean values and corresponding 95% confidence intervals for body mass index
(kg/m2) at baseline, 6 months and 12 months

Reduction of BMI was an important parameter for fat deposition changes in the study
participants. One-way ANOVA indicated a significant reduction in BMI, F = 4.096, p
= 0.035 at α = 0.01 level and F = 19.029, p = <0.001 at α = 0.05 level within the
intervention and non-intervention groups respectively over the study period.

Table 42: Summary of between-group effects for body mass index (kg/m2) at baseline, 6
months and 12 months
Measurement

2

BMI (kg/m )

Time
Interval
(months)

Difference
between
Groups

F-statistic

Significance

Size of
Effect
Δ (BMI)
(kg/m2)

0–6

Subgroups
A+B vs.
Group C

10.83

0.001**

–0.68

n.s.

n.s.

n.s.

9.27

0.003**

–1.50

6–12
0–12

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant
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Pairwise comparison further revealed the significant reduction of BMI values between
baseline and six months (p = 0.002 at α = 0.05 level) in the intervention and nonintervention groups, while the baseline to six months was p = <0.001 and six months
to 12 months’ p = <0.001 in the group C (Table 43).

Table 43: Summary of within-group effects for body mass index (kg/m2) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A+B

Fstatistic

Significance

4.096

0.035*

BMI (kg/m2)
C

19.209

<0.001**

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6

0.002**

0–12
6–12

n.s.
n.s.

0–6

n.s.

0–12

<0.001**

6–12

<0.001**

* Indicates the between-group effect is statistically significant at the p < 0.05 level.
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Weight and waist circumference
Weight was moderately lower in the intervention group than in the non-intervention
group at baseline, and decreased slightly at the end of the study. The non-intervention
group’s weight increased slightly at the six-month follow up and increased markedly
at the end of the study (Figure 49, Table 44).
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Figure 49: Mean values and corresponding 95% confidence intervals for weight (kg) at
baseline, 6 months and 12 months

There was a slight reduction of the waist circumference of intervention group
participants within first six months of the study, while there was an approximately
steady level in the non-intervention group. A steady decrease was reported in both
groups at the end of the study (Figure 50, Table 44). Weight loss provides additional
protection against cardiac risk and assists in HbA1c control.
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Figure 50: Mean values and corresponding 95% confidence intervals for waist circumference
(cm) at baseline, 6 months and 12 months
Table 44: Mean values and corresponding 95% confidence intervals for weight and waist
circumference (cm) at baseline, 6 months and 12 months

95% Conf.
Int.

Mean

Std.
Deviation

Median

95% Conf.
Int.

N

Waist
Circumfe
rence
(cm)

Std. Error
of Mean

Mean

Weight
(kg)

Intervention
(Subgroups A + B)

Median

Time

Baseline

56

60.2

61.0

9.2

1.2

2.5

110

58.3

59.0

10.3

2.0

6 months

55

60.5

61.5

9.8

1.3

2.6

101

56.8

58.5

9.1

1.8

12 months

54

61.4

62.8

10.0

1.4

2.7

98

56.8

57.6

9.5

1.9

baseline

56

97.0

96.8

6.9

0.9

1.8

110

95.0

95.5

9.0

1.7

6 months

55

96.0

96.7

7.2

1.0

1.9

101

94.0

94.4

8.6

1.7

12 months

54

98.0

95.4

13.6

1.8

3.7

98

91.0

92.3

7.9

1.6

N

Parameter

Std.
Deviation

Non-intervention (Group C)

Other changes during the study period
Insulin and other T2DM medication changes were reported during the study.
Changes related to insulin addition to or removal from therapy

There were few changes to the treatment types, as summarised in Table 45.

187

Table 45: Summary of changes of treatment type during the study period
Treatment Type Changes
Oral to Insulin only

Oral to Insulin + Oral

Insulin to Oral

6
months

12
months

6 months

12 months

6 months

12 months

Intervention
group

1

0

1

2

1

0

Non-intervention
group

0

0

3

2

0

0

Only 5% treatment-regime changes were recorded in the intervention group, with 9.2%
in the non-intervention group; mainly the introduction of insulin to their current oral
antidiabetic treatments.
Medication changes during the follow up

There were some changes to the number of medications based on the participant’s
therapeutic outcomes, side effects and adherence behaviour to their therapy (regardless
of whether they increased or decreased in number). At the six-month follow up, 18.8%
medication changes were recorded in the intervention group, with 23.6% in the nonintervention group. Out of the drug changes in the intervention group, five (26%) of
the treatments had been discontinued to reduce the number of drugs for T2DM due to
evidence of reduction of HbA1c over the study period.
Similarly, treatment changes occurred at the end of the study period, with 15.3% in the
intervention group (sub groups A+B) and 27.8% in the non-intervention group.
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Chapter VII – Comparison between Intervention Subgroups and
Non-intervention Group
This chapter details the comparison of the primary and secondary outcomes of the
study group between Subgroups A and B, and the non-intervention group (Group C)
at three-time intervals: baseline, the six-month follow up and the 12-month follow up.

Analysis of primary and secondary outcomes between groups
One-way analysis of covariance (ANCOVA) was used to compare the education
impact on Subgroups A and B, and with Group C from baseline to the six-month follow
up, from the six-month follow up to the 12-month follow up, and from baseline to the
12-month follow up.
Glycosylated haemoglobin level
The ANCOVA pairwise comparison indicated that after controlling for baseline
HbA1c, a significant effect of the education intervention emerged between baseline
HbA1c and the follow-up HbA1c level (Table 46). The effect was F = 9.71, p = <0.001
from baseline to six months between subgroups, and F = 7.4, p = <0.001 between
Subgroup B and Group C from six months to 12 months. The comparison between
Subgroups A and B was F = 8.73, p = 0.004 with the group effect at the α = <0.05
significant level.
From baseline to 12 months, the subgroup comparison showed significant differences
at F = 10.9, p = <0.001, with the group effect at α = <0.05 level, and Subgroup A was
significantly different from Subgroup B after conducting the second follow-up
education session (F = 6.61, p = 0.012 at α = <0.01 significant level).
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Table 46: Summary of between-group effects for glycosylated haemoglobin (%) at baseline,
6 months and 12 months
Measurement Time
Interval
(months)

0–6

6–12
HbA1c (%)

Difference
between
Groups

Fstatistic

Size of Effect
Δ (HbA1c)
(%)
–0.80

Subgroup A
vs. Group C
Subgroup B
vs. Group C

9.71

Subgroup A vs
Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A
Subgroup A vs
Group C

0–12

Significance

Subgroup B
vs. Group C
Subgroup B
vs. Group A

<0.001**

–0.57
n.s.

7.40

<0.001**

8.73

0.004**

–0.95
–0.63
–0.67

10.90

<0.001**

6.61

0.012*

–1.21
–0.56

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Systolic pressure
The pairwise comparison using ANCOVA showed that although there was a reduction
in systolic pressure in all groups from baseline to six months, none of the differences
were statistically significant after controlling for initial systolic pressure.
However, the results shown in Table 47 indicate that there were significant differences
in systolic pressure between the non-intervention group and Subgroups A and B (F =
7.60, p = 0.001 and F = 7.60, p = 0.001) from six months to 12 months. No significant
reduction of systolic pressure was recorded between Subgroups A and B (intervention)
in either the six months to 12 month or baseline to 12-month analysis. Further pairwise
analysis of baseline to 12 months revealed a significant reduction between Subgroups
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A and B with the non-intervention group, with F = 7.44, p = 0.001. This result was
significant at α = 0.05 level.

Table 47: Summary of between-group effects for systolic pressure (mmHg) at baseline, 6
months and 12 months
Difference
Measurement Time
Interval between
(months) Groups

0–6

Systolic
Pressure
(mmHg)

6–12

0–12

Subgroup A
vs. Group C
Subgroup B
vs. Group C
Subgroup A
vs Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A
Subgroup A
vs Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A

Fstatistic

Significance

Size of Effect
Δ (Systolic
Pressure)
(mmHg)
n.s.

n.s.

n.s.

n.s.
–9.97

7.60

0.001**

n.s.

n.s.

–9.12
n.s.
–9.01

7.44

0.001**

n.s.

n.s.

–9.33
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Diastolic pressure
When compared to initial diastolic pressure, ANCOVA analysis revealed a significant
pressure reduction at the six-month follow up between the non-intervention group and
Subgroups A and B (intervention group) (F = 6.40, p = 0.002) as summarised in Table
48. Similarly, there was a significant difference in diastolic pressure at baseline to 12
months, with F = 5.9, p = 0.007 at 95% confidence interval between Subgroup B and
the non-intervention group. But, although there was a slightly higher reduction in
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diastolic pressure in Subgroup B than in Subgroup A after the first and second patient
education intervention, none were significant at the six-month or 12-month follow ups.

Table 48: Summary of between-group effects for diastolic pressure at baseline, 6 months and
12 months
Difference
Measurement Time
Interval between
(months) Groups

0–6

Diastolic
Pressure
(mmHg)

6–12

0–12

Subgroup A
vs. Group C
Subgroup B
vs. Group C
Subgroup A
vs Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A
Subgroup A
vs Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A

Fstatistic

Significance

Size of Effect
Δ (Diastolic
Pressure)
(mmHg)
n.s.

n.s.

n.s.

n.s.
–3.48

6.40

0.002**

n.s.

n.s.

–5.334
n.s.
n.s.

5.09

0.007**

n.s.

n.s.

–5.20
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Total cholesterol
As revealed by Table 49, there was a significant difference in total cholesterol level
between Subgroup A and the non-intervention group (F = 3.42, p = 0.035 at α = 0.01
level) and no significant difference between Subgroup B and the non-intervention
group based on ANCOVA analysis the at six-month follow up.
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Table 49: Summary of between-group effects for total cholesterol (mg/dL) at baseline, 6
months and 12 months
Difference
Measurement Time
Interval between
(months) Groups

0–6

Total
Cholesterol
(mg/dL)

6–12

0–12

Fstatistic

Subgroup A vs.
Group C
Subgroup B vs.
Group C
Subgroup A vs
Group C
Subgroup B vs.
Group C
Subgroup B vs.
Group A
Subgroup A vs
Group C
Subgroup B vs.
Group C
Subgroup B vs.
Group A

Significance Size of Effect
Δ (Total
Cholesterol)
(mg/dL)
–14.12

3.42

0.035*

n.s.
–18.15

13.16

<0.001**

5.35

0.023*

–31.14
–12.54
–24.82

16.85

<0.001**

4.22

0.043*

–35.89
–10.80

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

The six-month to 12-month analysis revealed significant differences in mean total
cholesterol in the subgroups with the non-intervention group (F = 13.16, p = <0.001 at
α = 0.05 significant level. The significant difference between Subgroups A and B
(intervention group) was F = 5.35, p = 0.023 at α = 0.01 level.
Additionally, at baseline to 12 months, there was a significant difference in total
cholesterol level between Subgroups A and B with the non-intervention group at F =
16.85, p = <0.001 at α = 0.05 level, while Subgroup A compared to Subgroup B was
F = 4.22, p = 0.043 at α = 0.01 level.
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High density lipoprotein
Table 50 compares the summary statistics for pairwise distribution of HDL cholesterol
during the study period.

Table 50: Summary of between-group effects for high density lipoprotein cholesterol
(mg/dL) at baseline, 6 months and 12 months
Difference
Measurement Time
Interval between
(months) Groups

0–6

HDL (mg/dL)

6–12

FSignificance
statistic

Subgroup A vs.
Group C
Subgroup B vs.
Group C
Subgroup A vs
Group C
Subgroup B vs.
Group C
Subgroup B vs.
Group A
Subgroup A vs
Group C

0–12

Subgroup B vs.
Group C
Subgroup B vs.
Group A

Size of Effect
Δ (HDL
Cholesterol)
(mg/dL)
5.52

4.36

0.014*

n.s.
–6.49

19.14

n.s.

<0.001**

n.s.

–5.63
n.s.
–5.58

16.71

n.s.

<0.001**

n.s.

–5.51
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

There was a significant difference in HDL between Subgroup A and the nonintervention group C at the six-month follow up (F = 4.36, p = 0.014 at α = 0.01 level).
A significant change was also recorded between Subgroups A and B (intervention
group) with the non-intervention group at the six-month to 12-month follow up (F =
19.14, p = <0.001 at α = 0.05 level). No significant difference was recorded between
Subgroups A and B at six to 12 months or baseline to 12 months.
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However, there was a significant change of HDL at baseline to 12 months between
Subgroups A and B with the non-intervention group (F = 16.71, p = <0.001, at α =
0.05 level).
Triglycerides

As can be seen in Table 51, there were significant differences in TGs from baseline to
the 12-month follow up between the subgroups and the non-intervention group (F =
8.21, p = <0.001 at α = 0.05 level) and six months to 12 months (F = 8.26, <0.001 at α
= 0.05 level).
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Table 51: Summary of between-group effects for triglycerides (mg/dL) at baseline, 6 months
and 12 months
Measurement

Triglycerides
(mg/dL)

Time
Interval
(months)

Difference
between
Groups

0–6

Subgroup A
vs. Group C
Subgroup B
vs. Group C

6–12

Subgroup A
vs Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A
Subgroup A
vs Group C

0–12

Subgroup B
vs. Group C
Subgroup B
vs. Group A

Fstatistic

Significance

Size of Effect
Δ (Triglycerides)
(mg/dL)
n.s.

n.s.

n.s.

n.s.
38.80

8.26

n.s.

<0.001**

n.s.

30.44
n.s.
40.49

8.21

n.s.

<0.001**

n.s.

28.97
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Low density lipoprotein
Changes in LDL during the 12-month period are summarised in Table 52. The analysis
indicated that there were significant changes in the six-month to 12-month period
between Subgroups A and B and the non-intervention group (F = 5.99, p = 0.003 at α
= 0.05 level), and between Subgroup B and the group C (F = 3.10, p = 0.048 at α =
0.05 level) from baseline to the 12 months follow up.
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Table 52: Summary of between-group effects for low density lipoprotein (mg/dL) at
baseline, 6 months and 12 months
Measurement Time
Interval
(months)

0–6

Difference
between
Groups

F-statistic

Subgroup A vs.
Group C
Subgroup B vs.
Group C
Subgroup A vs
Group C

6–12
LDL (mg/dL)

0–12

Subgroup B vs.
Group C
Subgroup B vs.
Group A
Subgroup A vs
Group C
Subgroup B vs.
Group C
Subgroup B vs.
Group A

Significance

Size of
Effect
Δ (LDL
Cholesterol)
(mg/dL)
n.s.

n.s.

n.s.

n.s.
–16.20

5.99

0.003**

n.s.

n.s.

–22.62
n.s.
n.s.

3.10

0.048*

n.s.

n.s.

–16.61
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Heart rate
Table 53 summarises the pairwise analysis of the heart rate during the study period.
There was a single significant change from the baseline to 12-month follow up
between Subgroups A and B (intervention) with the non-intervention group at F = 4.2,
0.017 at α = 0.01 level. Although slight changes in heart rate were recorded at the other
follow ups, none of the changes were statistically significant.
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Table 53: Summary of between-group effects for heart rate at baseline, 6 months and 12
months
Difference
Measurement Time
Interval between
(months) Groups

0–6

Heart Rate
(bpm)

6–12

Fstatistic

Subgroup A
vs. Group C
Subgroup B
vs. Group C

n.s.

Subgroup B
vs. Group A
Subgroup A vs
Group C
0–12

Size of Effect
Δ (Heart Rate)
(bpm)
n.s.

Subgroup A vs
Group C
Subgroup B
vs. Group C

Subgroup B
vs. Group C
Subgroup B
vs. Group A

Significance

n.s.

n.s.
n.s.

n.s.

n.s.

n.s.

n.s.

n.s.
n.s.
4.144

4.20

0.017*

n.s.

n.s.

5.387
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Body mass index
Table 54 summarises the BMI differences between subgroups determined using the
ANCOVA. The analysis revealed significant differences in BMI between Subgroup A
and the non-intervention group at six months, six to 12 months and baseline to 12
months. The significant values were F = 7.35, p = 0.001 at six months, F = 3.32, p =
0.039 at α = 0.01 level at six to 12 months, and F = 7.60, p = 0.001 at baseline to 12
months. No significant differences were recorded in Subgroup B compared to the
control group, or between Subgroups A and B during the study period.
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Table 54: Summary of between-group effects for body mass index (kg/m2) at baseline, 6
months and 12 months
Difference
Measurement Time
Interval between
(months) Groups

0–6

6–12
BMI (kg/m2)

FSignificance Size of Effect
statistic
Δ (BMI) (kg/m2)
–0.92

Subgroup A
vs. Group C
Subgroup B
vs. Group C
Subgroup A
vs Group C

7.35

n.s.
–1.34

Subgroup B
vs. Group C
Subgroup B
vs. Group A

0–12

0.001**

3.32

0.039*

n.s.

n.s.

n.s.
n.s.
–2.21

Subgroup A
vs Group C
Subgroup B
vs. Group C
Subgroup B
vs. Group A

7.60

0.001**

n.s.

n.s.

n.s.
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Weight and waist circumference
Figure 51 shows the subgroup analysis of weight at baseline, six months and 12
months. At the end of six months, the non-intervention group showed a slight increase
in weight (M = 61.5kg, SD = 9.8), while Subgroups A and B remained approximately
stable Subgroup A, M = 59.3kg, SD = 9.0 and Subgroup B, M = 57.7kg, SD = 9.2.
There were more significant changes in weight at the end of the study, with M =
62.8kg, SD = 10.2 for the non-intervention group, and the weight was higher than at
the six-month follow up. Subgroups A and B had weight reduction, but it was more
pronounced in Subgroup B (M = 57.0kg, SD = 10.0) than in Subgroup A (M = 58.3,
SD = 9.1).
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Figure 51: Mean values and corresponding 95% confidence intervals for weight (kg) at
baseline, 6 months and 12 months

The initial waist circumference was within comparable values in all study groups
(Subgroup A, M = 95.8cm, SD = 9.1, Subgroup B, M = 95.1cm, SD = 9.0 and the
control group M = 96.8cm, SD = 6.9cm). Waist circumference decreased slightly at
the end of six months. It further decreased to M = 91.9cm, SD = 8.3 in Subgroup B,
M = 92.7cm, SD = 7.6 in Subgroup A and M = 95.4cm, SD = 13.6 in the nonintervention group at the end of the study period, as shown in Figure 52.
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Figure 52: Mean values and corresponding 95% confidence intervals for waist circumference
(cm) at baseline, 6 months and 12 months

Analysis of primary and secondary outcomes using ANOVA
The mean values of the scale variables were compared for Subgroups A and B, and
Group C separately using one-way ANOVA repeated measures. The results are
summarised in this section.
Glycosylated haemoglobin level
The level of HbA1c reduced in all groups over the period of the study. In Subgroups
A and B, and Group C, M = 8.65%, SD =1.61; M = 8.45%, SD = 1.64; and M = 8.65%,
SD = 1.45 respectively at the initiation of the study. Subgroup A reduced to M = 7.44%
(SD = 1.07) at six months and M = 7.49% (SD = 1.37) at the end of the study,
representing a significant reduction after a single education intervention. In Subgroup
B, with repeated education intervention, the level of HbA1c decreased to M =
7.58mmol/L (SD = 1.18) at six months and to M = 6.90mmol/L (SD = 0.74) at 12
months, evidencing significant glycaemic control. However, the non-intervention
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group showed a small reduction in HbA1c (M = 8.23%, SD = 1.30) at six months and
M = 8.16%, SD = 1.78 at the end of the study (Figure 53).

Figure 53: Mean values and corresponding 95% confidence intervals for glycosylated
haemoglobin (%) at baseline, 6 months and 12 months

Based on the findings summarised in Figure 53, HbA1c level decreased significantly
in Subgroups A and B during the study period (F = 18.587, p = <0.001 in Subgroup A
and F = 31.732, p = <0.001 in Subgroup B). There were no significant changes reported
in the non-intervention group over the study period (Table 55).
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Table 55: Summary of within-group effects for glycosylated haemoglobin (%) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A

F-statistic

Pairwise Comparisons

Significance

18.587

<0.001**

Time
Interval
(months)

Significance

0–6

<0.001**

0–12

<0.001**

6–12
HbA1c (%)

B

C

31.732

<0.001**

n.s.

n.s.

n.s.

0–6

<0.001**

0–12

<0.001**

6–12

<0.001**

0–6

n.s.

0–12

n.s.

6–12

n.s.

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Systolic pressure
Systolic pressure is another important outcome of the study that changed over the
period as detailed in Figure 54. The initial mean systolic pressure was 126.2 mmHg
(SD = 15.3) in Subgroup A, 126.4 mmHg (SD = 17.3) in Subgroup B and 129.4mmHg
(SD = 16.7) in the non-intervention group. A steady reduction of systolic pressure was
recorded in Subgroup B with M = 122.6 mmHg (SD = 19.6) at six months and M =
120.2 mmHg (SD = 15.4) at 12 months. Similarly, systolic pressure of Subgroup A
decreased to M = 125.1 mmHg (SD = 17.3) and M = 120.4 mmHg (SD = 15.7) at six
and 12 months.
In addition, the non-intervention group showed a small decrease in systolic pressure at
six months (M = 126.8, SD = 14.2), while there was a sharp increase from six to 12
months M = 130.8 mmHg (SD = 16.3). However, systolic pressure remained in the
normal range from baseline to the end of the study.
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Figure 54: Mean values and corresponding 95% confidence intervals for systolic pressure
(mmHg) at baseline, 6 months and 12 months.

A significant change in systolic pressure was only recorded in Subgroup B (F = 3.247,
p = 0.043) based on ANOVA analysis, and further pairwise comparison revealed the
significance at baseline to 12 months (p = 0.038). No significant changes were
recorded in Subgroup A or the control group during the study period (Table 56).
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Table 56: Summary of within-group effects for systolic pressure (mmHg) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A
Systolic
Pressure
(mmHg)

B

C

Fstatistic

n.s.

3.247

n.s.

Significance

n.s.

0.043*

n.s.

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6
0–12

n.s.
n.s.

6–12

n.s.

0–6

n.s.

0–12

0.038*

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
n.s. not significant

Diastolic pressure
Figure 55 shows that the non-intervention group had approximately steady diastolic
pressure during the study period of M = 84.9mmHg (SD = 9.1), M = 84.6mmHg (SD
= 10.0) and M = 84.8mmHg (SD = 9.6). Subgroups A and B showed similar initial
diastolic pressure (M = 79.6mmHg, SD = 9.2 and M = 79.6mmHg, SD = 9.6
respectively). It increased slightly at the six-month follow up (M = 81.8mmHg, SD =
9.4 and M = 80.4mmHg, SD = 10.5 for Subgroups A and B respectively) while it
decreased at the end of the study to M = 80.0mmHg (SD = 8.9) in Subgroup A and
77.5mmHg (SD = 8.0) in Subgroup B. However, normal diastolic pressure was
maintained during the study in both subgroups and the non-intervention group.
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Figure 55: Mean values and corresponding 95% confidence intervals for diastolic pressure
(mmHg) at baseline, 6 months and 12 months

The diastolic pressure changes over the duration of the study as analysed using
repeated measures and pairwise comparison of ANOVA (Table 57) revealed no
significant difference within Subgroups A and B (intervention) or the non-intervention
group during the study period.
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Table 57: Summary of within-group effects for diastolic pressure (mmHg) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A
Diastolic
Pressure
(mmHg)

B

C

Fstatistic

n.s.

n.s.

n.s.

Significance

n.s.

n.s.

n.s.

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant

Total cholesterol
Total cholesterol level was in the borderline range (170–190mg/dL) in the study group
at the initiation of the study as revealed by Figure 56 and Table 58. Total cholesterol
decreased significantly at the six-month follow in the subgroups compared to the nonintervention group. At the six-month follow up of Subgroup A, M = 172.3mg/dL, SD
= 37.6, for Subgroup B, it was M = 175.2mg/dL, SD = 34.1 and for the nonintervention group, it was M = 179.7mg/dL, SD = 38.0.
After the second intervention, total cholesterol further dropped to M = 160.1mg/dL
(SD = 27.2) in Subgroup B and M = 171.9mg/dL (SD = 30.1) in Subgroup A. But total
cholesterol in the non-intervention group increased to M = 193.8mg/dL (SD = 44.6).
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Figure 56: Mean values and corresponding 95% confidence intervals (red bars) for total
cholesterol (mg/dL) at baseline, 6 months and 12 months

Table 58 shows total cholesterol significantly changed in all groups during the study
period. Subgroup A was significant with F = 6.911, p = 0.002, while Subgroup B was
F = 14.792, p = <0.001 at α = 0.05 significance level. The non-intervention group was
significant with F = 3.986 and p = 0.031 at α = 0.01 level.
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Table 58: Summary of within-group effects for total cholesterol (mg/dL) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated Pairwise Comparisons
Measures within Group
Group

A
Total
Cholesterol
(mg/dL)

B

C

Fstatistic

6.911

14.792

3.986

Significance

0.002**

<0.001**

0.031*

Time
Interval
(months)

Significance

0–6

0.004**

0–12

0.019*

6–12

n.s.

0–6

0.038*

0–12

<0.001**

6–12

0.019*

0–6

n.s.

0–12

n.s.

6–12

0.038*

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

The pairwise comparison indicated that Subgroup A significantly changed at baseline
to six months (p = 0.004) and baseline to 12 months (p = 0.019); and the nonintervention group at six months to 12 months (p = 0.038). There were significant
differences in all follow-up periods with respect to Subgroup B, p = 0.038 at baseline
to six months, p = <0.001 at baseline to 12 months and p = 0.019 at six months to 12
months.
High density lipoprotein
Figure 57 shows that average HDL was within the good level for heart disease at the
beginning of the study. The initial HDL values were M = 45.mg/dL (SD = 8.4) in
Subgroup A, M = 44.7mg/dL (SD = 8.6) in Subgroup B and M = 45.0mg/dL (SD =
9.0) in the non-intervention group. But HDL level in the intervention group was
slightly lower than anticipated at the end of the study.
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Figure 57: Mean values and corresponding 95% confidence intervals (red bars) for HDL
Cholesterol (mg/dL) at baseline, 6 months and 12 months

The detailed analysis of HDL level is summarised in Table 59. There were significant
changes in Subgroups A (F = 9.532, p = 0.001) and B (F = 9.668, p = <0.001 over the
study period. The pairwise comparison indicated the significant difference of
Subgroup A at six months to 12 months (p = 0.002) and baseline to 12 months (p =
0.001). Similarly, Subgroup B showed significance at six months to 12 months (p =
0.002) and baseline to 12 months (p = 0.003). However, no changes in the nonintervention group were significant during the study period.
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Table 59: Summary of within-group effects for high density lipoprotein (mg/dL) at baseline,
6 months and 12 months.
Measurement

One-Way ANOVA for Repeated
Measures within Group

Pairwise Comparisons

Group

Time Interval
(months)

Significance

0–6

n.s.

0–12

0.001**

6–12

0.002**

0–6
0–12

n.s.
0.003**

6–12

0.002**

0–6

n.s.

0–12
6–12

n.s.
n.s.

A
HDL
Cholesterol
(mg/dL)

B

C

F-statistic

9.532

9.668

n.s.

Significance

0.001**

<0.001**

n.s.

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Triglycerides
Figure 58 compares the changes in TGs over the study period. At the beginning of the
study the triglyceride level was within the borderline values (M = 122.9 to
130.2mg/dL). Six months later, after the first education intervention, there was a
significant reduction of the triglyceride levels in the non-intervention group as well as
Subgroups A and B. The triglyceride levels were M = 114.1mg/dL (SD = 39.7), M =
116.2mg/dL (SD = 48.1) in Subgroups A and B respectively, and M= 118.0mg/dL (SD
= 53.1) in the group C at the end of six months. There was then a change of pattern at
the end of the study whereby the mean triglyceride level increased in the subgroups,
but fell in the non-intervention group.
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Figure 58: Mean values and corresponding 95% confidence intervals (red bars) for
triglycerides (mg/dL) at baseline, 6 months and 12 months

Table 60 shows the results of the one-way ANOVA within-group analysis, which
revealed the significance of TGs in Subgroup A (F = 5.012, p = 0.015 at α = 0.01 level)
and the non-intervention group (F = 8.020, p = 0.001 at α = 0.05 level). The triglyceride
level in Subgroup B did not show any significant change during the study period.
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Table 60: Summary of within-group effects for triglycerides (mg/dL) at baseline, 6 months
and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group

Pairwise Comparisons

Group

Time
Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

0.016*

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6

n.s.

0–12

0.001**

6–12

0.044*

A

Triglycerides
(mg/dL)

B

C

F-statistic

5.012

Significance

0.015*

n.s.

n.s.

8.020

0.001**

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

The pairwise comparison of TGs revealed a significant difference in Subgroup A
between six months to 12 months (p = 0.016 at α = 0.01 level). The non-intervention
group showed significant changes at baseline to 12 months (p = 0.001) and six to 12
months (p = 0.044).
Low density lipoprotein
The initial LDL was within the normal range (110mg/dL or below) in all study groups
(Subgroup A, M = 100.0mg/dL, SD = 34.0, Subgroup B, M = 99.2mg/dL and the nonintervention group, M = 100.9mg/dL, SD = 35.9). This slightly increased at the sixmonth follow up, but decreased to M = 105.8mg/dL, SD = 34.1 in Subgroup B, while
Subgroup A (M = 109.1mg/dL, SD = 46.5) and the non-intervention group (M =
127.5mg/dL, SD = 38.5) showed an increase of LDL level at the end of the study
period, as shown in Figure 59.
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Figure 59: Mean values and corresponding 95% confidence intervals for LDL (mg/dL) at
baseline, 6 months and 12 months

As summarised in Table 61, there was no significant change in LDL in Subgroups A
and B during the study period. However, the non-intervention group showed
significant change at F = 10.109 and p = <0.001 at α = 0.05 level. The pairwise
comparison indicated the significance at baseline to 12 months (p = 0.004) and six
months to 12 months (p = <0.001)

214

Table 61: Summary of within-group effects for low density lipoprotein (mg/dL) at baseline,
6 months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group

Pairwise Comparisons

Group

Time Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6
0–12

n.s.
n.s.

6–12

n.s.

0–6

n.s.

0–12
6–12

0.004**
<0.001**

A
LDL
Cholesterol
(mg/dL)

B

C

F-statistic

n.s.

n.s.

10.109

Significance

n.s.

n.s.

<0.001**

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Heart rate
The change in heart rate (Table 62) during the period of study revealed no significant
change in Subgroup A. But there were significant changes in Subgroup B and the
group C at α = 0.05 level. Subgroup B was significant at F = 5.846, p = 0.006 and the
non-intervention group at F = 8.341, p = <0.001.
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Table 62: Summary of within-group effects for heart rate at baseline, 6 months and 12
months
Measurement

One-Way ANOVA for Repeated Pairwise Comparisons
Measures within Group
Group

A

Heart Rate
(bpm)

B

C

Fstatistic
n.s.

5.846

8.341

Significance

n.s.

0.006**

<0.001**

Time Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6
0–12

n.s.
n.s.

6–12

0.010*

0–6

<0.001**

0–12
6–12

0.046*
n.s.

* Indicates the between-group effect is statistically significant at the p < 0.05 level
** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

The heart rate at the 12-month follow up was M = 80.5bpm (SD = 11.6) in Subgroup
A, M = 80.9bpm (SD = 12.5) in Subgroup B and M = 77.3bpm (SD = 8.9) in the nonintervention group (Figure 60).
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Figure 60: Mean values and corresponding 95% confidence intervals for heart rate at
baseline, 6 months and 12 months

Pairwise comparison determined the significance for six months to 12 months for
Subgroup B as p = 0.010, and for the non-intervention group from baseline to six
months as p = <0.001, and from baseline to 12 months as p = 0.046 at α = 0.01 level.
Body mass index
Pairwise comparison and one-way ANOVA for repeated measures for BMI revealed
that, although there was reduction in BMI in the subgroups, they were not significant
over the period of study (Table 63). However, there was a significant increase in BMI
in the non-intervention group from baseline to 12 months (F = 10.109, p = <0.001).
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Table 63: Summary of within-group effects for body mass index (kg/m2) at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

A

2

BMI (kg/m )

B

C

Fstatistic
n.s.

n.s.

10.109

Significance

n.s.

n.s.

<0.001**

Pairwise Comparisons
Time Interval
(months)

Significance

0–6

n.s.

0–12

n.s.

6–12

n.s.

0–6
0–12

n.s.
n.s.

6–12

n.s.

0–6

n.s.

0–12
6–12

0.004**
<0.001**

** Indicates the between-group effect is statistically significant at the p < 0.01 level
n.s. not significant

Furthermore, pairwise comparison indicated significance at six to 12 months (p =
<0.001) and baseline to 12 months (p = 0.004) in the non-intervention group, while
there was no significance at baseline to six months for any group.
Figure 61 describes the average BMI values in the three groups during the study. The
baseline BMI was within the normal range in all subgroups, and it decreased to M =
24.2kg/m2 (SD = 3.4) in Subgroup A at six months and M = 23.5kg/m2 (SD = 4.1) at
12 months. Subgroup B decreased to M = 24.6kg/m2 (SD = 4.0) and increased slightly
to M = 24.7kg/m2 (SD = 5.0) at six and 12 months respectively. Average BMI in the
non-intervention group was M = 24.9kg/m2 (SD = 3.7) at six months and M =
25.4kg/m2 (SD = 3.8) at 12 months.
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Figure 61: Mean values and corresponding 95% confidence intervals for body mass index
(kg/m2) at baseline, 6 months and 12 months.

Table 64 summarises the subgroup analysis of all primary and secondary outcomes
during the study period.
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Total cholesterol
(mg/dL)

Heart rate
(bpm)

Diastolic pressure
(mmHg)

Systolic pressure
(mmHg)

HbA1c level
(%)

59

n

59

59

59

6 months 50
12
47
months

baseline

6 months 50
12
47
months

baseline

6 months 50
12
47
months

baseline

baseline 59
6 months 50
12
47
months

6 months 50
12
47
months

baseline

Table 64: Summary
statistics for
Subgroups A, B,
and Group C at
Time
baseline, 6 months
and 12 months
Measurement

37.6
30.1

172.3

171.9

50.1

11.6

80.5

191.9

19.3

79.4

10.7

8.9

80.0
79.8

9.4

81.8

9.2

15.7

120.4
79.6

15.3
17.3

1.37

7.49

126.2
125.1

1.07

1.61

SD

7.44

8.65

Mean

4.4

5.3

6.5

1.7

2.7

1.4

1.3

1.3

1.2

2.3

2.0
2.4

0.20

0.15

0.21

SE of
Mean

Subgroup A (intervention)

8.8

10.6

13.0

3.4

5.5

2.8

2.6

2.7

2.4

4.6

4.0
4.9

0.40

0.30

0.42

95%
CI
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51

51

51

51

51

51

51

51

51

51

51
51

51

51

51

N

160.1

175.2

187.4

80.9

75.7

76.9

77.5

80.4

79.6

120.2

126.4
122.6

6.90

7.58

8.45

Mean

27.2

34.1

36.4

12.5

10.7

12.5

8.0

10.5

9.6

15.4

17.3
19.6

0.74

1.18

1.64

SD

3.8

4.8

5.1

1.8

1.5

1.8

1.1

1.5

1.4

2.2

2.4
2.7

0.10

0.17

0.23

SE of
Mean

Subgroup B (intervention)

n

7.6

9.6

10.2

3.5

3.0

3.5

2.2

2.9

2.7

4.3

4.8
5.5

54

55

56

54

55

56

54

55

56

54

56
55

0.21 54

0.33 55

0.46 56

95%
CI

193.8

179.7

181.3

77.3

75.3

81.1

84.8

84.6

84.9

130.8

129.4
126.8

8.16

8.23

8.65

Mean

44.6

38.0

38.9

8.9

10.2

11.0

9.6

10.0

9.1

16.3

16.7
14.2

1.78

1.30

1.45

SD

6.1

5.1

5.2

1.2

1.4

1.5

1.3

1.3

1.2

2.2

2.2
1.9

0.24

0.17

0.19

SE of
Mean

12.1

10.3

10.4

2.4

2.8

2.9

2.6

2.7

2.4

4.4

4.5
3.8

0.48

0.35

0.39

95%
CI

Group C (non-intervention)

59

baseline

59

59

6 months 50
12
47
months

baseline

6 months 50
12
47
months

baseline

6 months 50
12
47
months

39.7

47

12
months

3.4
4.1

24.2
23.5

3.8

46.5

109.1
24.7

31.2

105.3

34.0

64.1

140.1

100.9

39.7

59.2

6.5

17.2

8.4

SD

114.1

122.9

49.0

45.4

Mean

6 months 50

59

n

0.59

0.48

0.50

6.8

4.4

4.4

9.3

5.6

7.7

1.0

2.4

1.1

SE of
Mean

Subgroup A (intervention)

1.18

0.97

0.99

13.6

8.8

8.8

18.7

11.2

15.4

1.9

4.9

2.2

95%
CI

51

51

51

51

51

51

51

51

51

51

51

51

N

24.7

24.6

24.9

105.8

110.1

99.2

132.6

116.2

130.2

39.9

43.9

44.7

Mean

5.0

4.0

4.7

34.1

31.3

36.9

69.0

48.1

70.4

4.2

6.7

8.6

SD

0.70

0.56

0.66

4.8

4.4

5.2

9.7

6.7

9.9

0.6

0.9

1.2

SE of
Mean

Subgroup B (intervention)

54

55

56

54

55

56

54

55

56

n

1.39 54

1.11 55

1.32 56

9.5

8.8

10.3

19.3

13.5

19.7

1.2

1.9

2.4

95%
CI

25.4

24.9

24.7

127.5

107.9

109.5

103.8

118.0

129.1

45.5

43.1

45.0

Mean

3.8

3.7

3.4

38.5

34.2

35.9

37.2

53.1

46.7

6.6

7.3

9.0

SD

0.51

0.50

0.46

5.2

4.6

4.8

5.1

7.2

6.2

0.9

1.0

1.2

SE of
Mean
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1.02

1.00

0.92

10.5

9.2

9.6

10.1

14.3

12.5

1.8

2.0

2.4

95%
CI

Group C (non-intervention)

Note: n = number; SD = standard deviation; SE = standard error; CI = confidence interval; HbA1c = glycosylated haemoglobin; LDL = low density cholesterol; HDL = high
density cholesterol; BMI = body mass index

BMI
(kg/m2)

LDL cholesterol
(mg/dL)

Triglycerides
(mg/dL)

HDL cholesterol
(mg/dL)

baseline

Table 64: Summary
statistics for
Subgroups A, B,
and Group C at
Time
baseline, 6 months
and 12 months
Measurement

Chapter VIII – Health Education Impact Questionnaire
HeiQTM version 3.0 (translated into Sinhala) was adopted in this study. The data were
gathered at baseline and at two follow ups (six months and 12 months) from the total
sample population.
Participants recorded their responses to the questionnaire on a Likert scale ranging
from 1 to 4 and scale scores were determined according to domains defined by the
questionnaire developer. The analysis was carried out based on the developers’
guidelines on a simple ExcelTM spreadsheet (Microsoft Office Home and Student,
2013) version 15.0.4875.1001 and using IBM® SPSS® (version 23) software packages.
HeiQTM consists of forty questions categorised to eight domains for the initial
questionnaire used at baseline, with an additional nine questions on evaluation of the
health-education program for use at the six and 12-month follow ups. Finally Question
50, consisting of five sub-questions, sought comments from participants.

Analysis of questionnaire responses
One hundred and sixty-four forms were completed at baseline. At the end of six
months, it was completed by 152 participants (92.7%) and by 150 (91.5%) at the end
of 12 months after benchmarking the values.
Table 65 summarise the overall means by study groups intervention and nonintervention for the eight domains over study period.
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Table 65: Overall means by intervention and non-intervention for the eight domains over
twelve months
Intervention group
Domain

Non-intervention group
6
months
Followup Mean

12
months
Followup Mean

Baseline
Mean

6 months
Followup Mean

12 months
Follow-up
Mean

Baseline
Mean

Health directed
behaviour

2.82

3.09

3.35

2.73

2.65

2.68

Positive and active
engagement in life

2.84

3.09

3.20

2.80

2.83

2.86

Self-monitoring and
insight

2.97

3.14

3.21

2.96

2.89

2.82

Constructive
attitudes &
approaches
Skills and technique
acquisition
Social integration &
support

2.92

3.16

3.23

2.96

2.81

2.84

2.78

3.10

3.23

2.75

2.95

2.68

2.86

3.11

3.17

2.84

2.86

2.90

Health services
navigation

2.66

3.15

3.14

2.64

2.85

2.74

Emotional wellbeing

2.40

2.13

2.01

2.41

2.45

2.44

Health directed behaviour

Figure 62 shows that the intervention group significantly improved their health
directed behaviour, especially increasing their amount of exercise, while there was no
significant difference in the non-intervention group.
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Domain total score

Period of data collection

Figure 62: Mean values for health directed behaviour at baseline, 6 months and 12 months

One-way ANOVA for repeated measures within-group analysis indicated no
significant difference in health directed behaviour in the non-intervention group from
baseline to six months, six to 12 months or baseline to 12 months.
However, the intervention group showed significant improvement in their health
directed behaviour after the health-education intervention from baseline to six months,
six to 12 months and baseline to 12 months with F = 77.78, p = <0.001 significance
(Table 66).
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Table 66: Summary of within-group effects for health directed behaviour at baseline,
6 months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

intervention

Fstatistic

77.78

Significance

<0.001**

Health Directed
Behaviour
Nonintervention

n.s.

n.s.

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6
0–12

<0.001**
<0.001**

6–12

<0.001**

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

The between-group effects of the intervention and non-intervention groups for health
directed behaviour were determined using ANCOVA. Health directed behaviour
showed significant improvement in the intervention group from baseline to six months
(F = 24.25, p = <0.001), six to 12 months (F = 65.75, p = <0.001) and baseline to 12
months (F = 80.78, p = <0.001). This result was significant at α = 0.05 level (Table
67).

Table 67: Summary of between-group effects for health directed behaviour at baseline, 6
months and 12 months
Measurement

Time Interval
(months)

Difference
between
Groups

Fstatistic

Significance Size of
Effect
Δ (Health
directed
behaviour)

Health
Directed
Behaviour

0–6

intervention
vs. nonintervention

24.25

<0.001**

0.138

65.75
80.78

<0.001**
<0.001**

0.309
0.355

6–12
0–12

** The mean difference is significant at the 0.05 level.
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Positive and active engagement in life

Figure 63 illustrates the change in this domain in the intervention and non-intervention
groups from baseline to 12 months.

P O S I TI V E A ND A C TI V E ENGA GEME N T I N
L I FE
Usual care

Intervention

Domain total score

3.3
3.1
2.9
2.7

2.5
2.3
B A S E L I NE

6 MONTH S

1 2 MONTH S

Period of data collection

Figure 63: Mean answers for positive and active engagement in life at baseline, 6 months
and 12 months

Positive and active engagement in life within the intervention group (subgroup A+B)
significantly improved (F = 47.78, p = <0.001) at α = 0.05 significance level.
Pairwise comparison indicates a significant difference at baseline to six months and
baseline to 12 months (p = <0.001), and no significant difference at six to 12 months
within the intervention group (Table 68). There was no significant difference in the
non-intervention group for this domain.

226

Table 68: Summary of within-group effects for positive and active engagement in life at
baseline, 6 months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

Positive and
active
engagement in
life

intervention

Nonintervention

Fstatistic

47.78

n.s.

Significance

<0.001**

n.s.

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6
0–12

<0.001**
<0.001**

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

Table 69 shows the ANCOVA analysis for positive and active engagement in life with
a significant difference between the non-intervention group and the intervention group
at baseline to six months (F = 15.88, p = <0.001), six months to 12 months (F = 13.89,
p = <0.001) and baseline to 12 months (F = 23.07, p = <0.001) at α = 0.05 level after
controlling for initial values.
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Table 69: Summary of between-group effects for positive and active engagement in life at
baseline, 6 months and 12 months
Measurement

Time
Interval
(months)

Difference
between
Groups

Positive and
active
engagement in
life

0–6

15.88
intervention
13.89
vs. nonintervention 23.07

6–12
0–12

Fstatistic

Significance Size of Effect
Δ (Positive and
active engagement
in life)
<0.001**

0.095

<0.001**

0.086

<0.001**

0.135

** The mean difference is significant at the 0.05 level

Emotional wellbeing – negative effect

Figure 64 shows a reduction in the negative effect of emotional wellbeing over the
study period in the intervention group, and a slight increase in the non-intervention
group. This provides additional evidence of improvement in emotional wellbeing in
the participants who participated in the health-education intervention.

EMO TI O NA L W EL L B EI NG
Usual care

Intervention

Domain total score

2.6

2.4

2.2

2

1.8
B A S E L I NE

6 MONTH S

1 2 MONTH S

Period of data collection

Figure 64: Mean answers for emotional wellbeing at baseline, 6 months and 12 months
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The negative significant effect was evident between baseline to six months, (F = 15.28,
p = <0.001), baseline to 12 months (F = 17.11, p = <0.001) and six to 12 months (F =
21.91, p = <0.001) as summarised in Table 70. This was significant at α = 0.05 level.

Table 70: Summary of between-group effects for emotional wellbeing at baseline, 6 months
and 12 months
Measurement

Emotional
wellbeing

Time
Interval
(months)

Difference
between
Groups

0–6

15.28
intervention
17.11
vs. controls
21.91

6–12
0–12

F-statistic

Significance

Size of Effect
Δ (Emotional
wellbeing)

<0.001**

0.092

<0.001**

0.107

<0.001**

0.133

** The mean difference is significant at the 0.05 level

Similarly, significant difference was revealed in the intervention (F = 16.86, p =
<0.001) during the study period based on analysis of within-group difference using
one-way ANOVA for repeated measures (Table 71). Pairwise comparison further
revealed significant change in baseline to 12 months (p = <0.001) and baseline to six
months (p = <0.001). No significant change in emotional wellbeing was reported in
the non-intervention (usual care) group during the study period.
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Table 71: Summary of within-group effects for emotional wellbeing at baseline, 6 months
and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

Intervention

Fstatistic
16.86

Significance

<0.001**

Emotional
wellbeing
Nonintervention

n.s.

n.s.

Pairwise Comparisons
Time Interval
(months)

Significance

0–6

<0.001**

0–12

<0.001**

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

Self-monitoring and insight

Table 72 shows that one-way ANOVA within-group analysis revealed significant
improvement in the self-monitoring and insight domain in the intervention group (F =
18.26, p = <0.001 at α = 0.05 significant level). There was no significant improvement
in the non-intervention group during the study period.
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Table 72: Summary of within-group effects for self-monitoring and insight at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

intervention

Fstatistic

18.26

Significance

<0.001**

Self-monitoring
and insight
Nonintervention

n.s.

n.s.

Pairwise Comparisons
Time
Interval
(months)

Significance

0–6
0–12

<0.001**
<0.001**

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

As revealed by Figure 65, health education had a positive effect on self-monitoring
and insight in the intervention group. The non-intervention group showed a substantial

Domain total score

reduction over the study period.

Period of data collection

Figure 65: Mean answers for self-monitoring and insight at baseline, 6 months and 12
months

231

The analysis indicated, after accounting for the effects of baseline values, a positive
impact of the recurrent education program on self-monitoring and insight. The baseline
to six months finding was F = 13.27, p = <0.001, six months to 12 months, F = 23.09,
p = <0.001 and baseline to 12 months, F = 28.16, p = <0.001 (Table 73).

Table 73: Summary of between-group effects for self-monitoring and insight at baseline, 6
months and 12 months
Measurement

Time
Difference
Interval between
(months) Groups

Selfmonitoring
and insight

0–6
6–12
0–12

Fstatistic

Intervention 13.27
vs. non23.09
intervention 28.16

Significance

Size of Effect
Δ (Self-monitoring
and insight)

0.001**

0.081

<0.001**

0.137

<0.001**

0.161

** The mean difference is significant at the 0.05 level

Constructive attitudes and approaches

One-way ANOVA for repeated measures within-group analysis (Table 74) indicated
no significant change in the non-intervention group for this domain, and a gradual
improvement in how the intervention group viewed the impact of their disease
condition (Figure 66).
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Domain total score

Period of data collection

Figure 66: Mean answers for constructive attitudes and approaches at baseline, 6 months and
12 months
Table 74: Summary of within-group effects for constructive attitudes and approaches at
baseline, 6 months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

intervention
Constructive
attitudes and
approaches

Nonintervention

Fstatistic
20.12

Significance

<0.001**

n.s.

n.s.

Pairwise Comparisons
Time Interval
(months)

Significance

0–6

<0.001**

0–12
6–12

<0.001**
n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

The intervention group showed significant improvement in constructive attitudes and
approaches from baseline to six months and baseline to 12 months with F = 20.12, p =
<0.001. However, improvement from six months to 12 months was not significant
(Table 76). Similarly, ANCOVA analysis (see Table 75) showed significant
differences in the intervention group with the non-intervention group at baseline to 6
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months, F = 45.11, p <0.001, six months to 12 months, F = 7.83, p = 0.006 and baseline
to 12 months, F = 14.83, p = <0.001.

Table 75: Summary of between-group effects for constructive attitudes and approaches at
baseline, 6 months and 12 months
Measurement

Time
Difference
Interval between
(months) Groups

Constructive
attitudes and
approaches

0–6
6–12
0–12

Intervention
vs. nonintervention

Fstatistic

Significance

Size of Effect
Δ (Constructive
attitudes and
approaches)

45.11

<0.001**

0.229

7.83

0.006**

0.050

14.83

<0.001**

0.091

** The mean difference is significant at the 0.05 level

Skills and technique acquisition

Repeated within-group measures using ANOVA analysis revealed significant
improvement from baseline to 12 months in the intervention group with F = 44.86, p
= <0.001. There was a significant change (improvement) in the non-intervention group
between baseline and six months follow-up, but the improvement was reversed from
6 months to 12 months such that the change from baseline to 12 months was not
significant (Table 76 and Figure 67).
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Table 76: Summary of within-group effects for skills and technique acquisition at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

Fstatistic
44.86

Significance

Time Interval
(months)

Significance

<0.001**

0–6

<0.001**

0–12

<0.001**

6–12

0.041**

0–6
0–12

0.002**
n.s.

6–12

0.008**

intervention
Skills and
technique
acquisition

5.87

Pairwise Comparisons

0.004**

Nonintervention

Domain total score

n.s. not significant
** The mean difference is significant at the 0.05 level

Period of data collection

Figure 67: Mean answers for skills and technique acquisition at baseline, 6 months and 12
months

Table 77 shows the ANCOVA analysis, which revealed the significant difference
between the non-intervention group and the intervention group with respect to skills
and technique acquisition from baseline to 12 months (F = 32.98, p = <0.001), and six
months to 12 months (F = 29.14, p = <0.001) at α = 0.05 level after controlling for
initial values.
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Table 77: Summary of between-group effects for skills and technique acquisition at baseline,
6 months and 12 months
Measurement

Time
Difference
Interval between
(months) Groups

Skills and
technique
acquisition

0–6
6–12
0–12

Fstatistic

Intervention n.s.
vs. non29.14
intervention 32.98

Significance Size of Effect
Δ (Skills and
technique
acquisition)
n.s.

n.s.

<0.001**

0.165

<0.001**

0.182

n.s. not significant
** The mean difference is significant at the 0.05 level

Social integration and support

The group effects between the intervention and non-intervention groups for social
integration and support were determined using ANCOVA after controlling for initial
values. On average, significant improvement after repeated health-education
intervention was shown in this domain (Figure 68 and Table 78); six to 12 months (F
= 14.55, p = <0.001), from baseline to 12 months (F = 21.39, p = <0.001) and baseline
to six months (F = 13.76, p = <0.001). This result was significant at α = 0.05 level.

Table 78: Summary of between-group effects for social integration and support at baseline, 6
months and 12 months
Measurement

Time
Difference
Interval between
(months) Groups

Social
integration
and support

0–6
6–12
0–12

Fstatistic

Intervention 13.21
vs. non14.55
intervention 21.39

** The mean difference is significant at the 0.05 level
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Significance

Size of Effect
Δ (Social
integration and
support)

<0.001**

0.080

<0.001**
<0.001**

0.089
0.126

Domain total score

Period of data collection

Figure 68: Mean answers based for social integration and support at baseline, 6 months and
12 months

Significant difference was revealed in the intervention group (F = 29.09, p = <0.001)
during the study period based on analysis of within-group difference using one-way
ANOVA for repeated measures (Table 79).
Pairwise comparison further revealed significant change in baseline to six months (p
= <0.001) and baseline to 12 months (p = <0.001).
No significant changes to social integration and support were reported in the nonintervention group during the study period.
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Table 79: Summary of within-group effects for social integration and support at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Group

intervention
Social
integration and
support

Nonintervention

Fstatistic

Significance

29.09

<0.001**

n.s.

n.s.

Pairwise Comparisons
Time Interval
(months)

Significance

0–6

<0.001**

0–12

<0.001**

6–12

n.s.

0–6

n.s.

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

Health services navigation

Table 80 shows that one-way ANOVA for repeated measures revealed significant
changes in the responses to questions in this domain for both intervention and nonintervention groups. There was an improvement in the intervention group over the
period (F = 67.09, p = <0.001), while a gradual deterioration (F = 3.49, p = 0.034) was
evident in the non-intervention group (Figure 69). The significance was seen at
baseline to six months (p = <0.001) and baseline to 12 months (p = <0.001) in the
intervention group, and baseline to six months (p = 0.006 at α = 0.05 level) in the nonintervention group.
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Table 80: Summary of within-group effects for health services navigation at baseline, 6
months and 12 months
Measurement

One-Way ANOVA for Repeated
Measures within Group
Fstatistic

Group

intervention

Pairwise Comparisons

Significance

67.09

<0.001**

Health service
navigations
Nonintervention

3.49

0.034**

Time Interval
(months)

Significance

0–6

<0.001**

0–12

<0.001**

6–12

n.s.

0–6

0.006**

0–12

n.s.

6–12

n.s.

n.s. not significant
** The mean difference is significant at the 0.05 level

HEA L TH S ER V I C ES NA V I GA TI O N
Usual care

Intervention

3.5

Domain total score

3.3

3.1
2.9

2.7
2.5
2.3
B A S E L I NE

6 MONTH S

1 2 MONTH S

Period of data collection

Figure 69: Mean answers for health services navigation at baseline, 6 months and 12 months

After controlling for initial values of health services navigation, ANCOVA analysis
(Table 81) revealed significant improvement in the intervention and non-intervention
groups at baseline to six months (F = 11.28, p = 0.001), six to 12 months (F = 24.22,
p = <0.001) and baseline to 12 months (F = 31.39, p = <0.001).
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Table 81: Summary of between-group effects for health services navigation at baseline, 6
months and 12 months
Measurement

Time
Interval
(months)

Difference
between
Groups

Health
services
navigation

0–6

intervention 11.28
vs. non24.22
intervention 31.39

6–12
0–12

Fstatistic

Significance Size of Effect
Δ (Health services
navigation)
0.001**

0.092

<0.001**

0.141

<0.001**

0.176

** The mean difference is significant at the 0.05 level

Analysis of intervention group
According to heiQ™ data analysis guidelines, a group change effect size between 0.2
and 0.5 is conventionally considered as ‘small’, while if it is between 0.5 to 0.8 it is
considered ‘medium’. When the group change effect size is 0.8 or greater, it is defined
as a ‘greater effect’.
The proportion of participants who exceeded the threshold for ‘reliable change’ was
provided in percentage form. However, the positive reliable change in Domain 3:
Emotional wellbeing is expressed in terms of those participants who had a greater
negative score at follow up.
At the six-months follow up, after the first education intervention (Table 82), Domain
4: Self-monitoring and insight, Domain 5: Constructive attitudes and approaches, and
Domain 7: Social integration and support showed a positive change in the small effect
size range; Domain 1: Health directed behaviour, Domain 2: Positive and active
engagement in life, and Domain 6: Skills and technique acquisition showed a medium
effect; and Domain 8: Health services navigation showed greater effect. These
domains all showed a positive net reliable change at the end of the six-month period.

240

Table 82: The effect of the first intervention on the eight domains in the intervention group
Positive
Reliable
Change
(%)

Net
Positive
Reliable
Change
(%)

Baseline
Mean

Followup Mean

Health directed
behaviour
Positive and active
engagement in life

2.82

3.09

0.26

0.50**

27.0

27.0

2.84

3.09

0.25

0.54**

19.0

19.0

Self-monitoring and
insight
Constructive
attitudes &
approaches
Skills and technique
acquisition
Social integration &
support

2.97

3.14

0.20

0.36*

9.0

9.0

2.92

3.16

0.24

0.40*

18.0

18.0

2.78

3.10

0.30

0.59**

18.0

18.0

2.86

3.11

0.25

0.44*

23.0

23.0

Health services
navigation

2.66

3.15

0.47

0.85***

42.0

41.0

Emotional wellbeing

2.40

2.13

–0.27

–0.45*

18.0

17.0

Domain

Mean
Change

Group
Change
Effect
Size

* small effect size
** medium effect size
*** greater effect size

The effect size in each domain after the repeated education intervention (at 12 months)
is summarised in Table 83. Domain 2: Positive and active engagement in life and
Domain 1: Health directed behaviour showed greater improvement following the
second follow up than the other domains. Domain 5: Constructive attitudes and
approaches, Domain 7: Social integration and support and Domain 3: Emotional
wellbeing showed improvement in the small to medium range. Although a positive
effect was evident in the answers for Domain 4: Self-monitoring and insight, it was
small.
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Table 83: The effect of the second intervention on the eight domains in the intervention
group
Group
Change
Effect
Size

Positive
Reliable
Change
(%)

Net
Positive
Reliable
Change
(%)

Baseline
Mean

Followup
Mean

Mean
Change

Health directed
behaviour

2.82

3.35

0.53

0.99*** 60.2

58.2

Positive and
active engagement
in life
Self-monitoring
and insight

2.84

3.20

0.36

0.81*** 36.7

36.7

2.94

3.21

0.27

0.48*

25.5

23.5

Constructive
attitudes &
approaches
Skills and
technique
acquisition

2.94

3.23

0.29

0.50**

38.8

30.6

2.78

3.23

0.45

0.73**

41.8

39.8

Social integration
& support
Health services
navigation
Emotional
wellbeing

2.86

3.17

0.31

0.54**

38.8

33.7

2.64

3.14

0.50

0.88*** 49.0

46.9

2.41

2.01

0.40

Domain

–0.68**

37.8

24.5

* small effect size
** medium effect size
*** greater effect size

In summary, participants’ answers to the questions showed knowledge improvement
after the repeated education interventions in every domain of at least 23% net positive
reliable change over the study period. This demonstrates a positive correlation between
patient knowledge improvement and health education for the management of T2DM.

Analysis of non-intervention group
As summarised in Table 84, Domain 8: Health services navigation and Domain 6:
Skills and technique acquisition showed small and medium effect size changes while
majority of the domains with quite low or negative effect. This was further evidenced
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by the negative or less than 5% positive reliable change in majority of the domain
outputs.

Table 84: The effect of no intervention in the first six months in the non-intervention group
Group
Change
Effect
Size

Positive
Reliable
Change
(%)

Baseline
Mean

Followup
Mean

Mean
Change

Health directed
behaviour
Positive and
active
engagement in
life

2.73

2.65

–0.08

–0.22

25.5

–5.5

2.80

2.83

0.03

0.07

18.2

3.6

Self-monitoring
and insight
Constructive
attitudes &
approaches
Skills and
technique
acquisition
Social integration
& support

2.96

2.89

–0.07

–0.17

10.9

–18.2

2.96

2.81

–0.15

–0.33

12.7

–7.3

2.75

2.95

0.20

0.43* 32.7

25.5

2.84

2.86

0.02

0.05

Health services
navigation
Emotional
wellbeing

2.64

2.85

0.21

2.41

2.45

0.04

Domain

Net Positive
Reliable
Change (%)

21.8

1.8

0.55** 49.1

30.9

0.06

20.0

–1.8

* small effect size
** medium effect size

Analysis of the second follow up, after 12 months (Table 85), revealed a further
reduction of net positive reliable change in domains in the non-intervention group.
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Table 85: The effect of no intervention after 12 months in the non-intervention group

Domain

FollowBaseline
up
Mean
Mean

Group
Change
Mean
Change Effect
Size

Positive
Reliable
Change
(%)

Net
Positive
Reliable
Change
(%)

Health directed
behaviour
Positive and active
engagement in life
Self-monitoring
and insight

2.74

2.68

–0.06

–0.14

20.0

–9.1

2.81

2.86

0.05

0.12

25.5

3.6

2.96

2.82

–0.02

–0.33

16.4

–9.1

Constructive
attitudes &
approaches
Skills and
technique
acquisition

2.96

2.84

–0.14

–0.28

16.4

–3.6

2.74

2.68

–0.02

–0.12

30.9

–1.8

Social integration
& support
Health services
navigation
Emotional
wellbeing

2.84

2.90

0.06

0.12

29.1

10.9

2.65

2.74

0.09

0.24*

41.8

23.6

2.42

2.44

0.02

0.04

21.8

1.8

* small effect size

Analysis of follow-up questions about the health-education program
Nine follow-up questions were completed by the participants who had completed the
education interventions. Figure 70 shows that Question 45 had the highest average,
while all the questions received an average score of more than five. This finding
confirms the success of the education intervention in the intervention study group.
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Assessment of health education program
Q49-The people in the group worked very well
together
Q48-I feel that everyone in the program had the
chance to speak if they wanted
Q47-I thought the program content was very
relevant to my situation
Q46-Difficult topics and discussions were handled
well by my program leaders
Q45-I feel it was worth my time and effort to take
part in the program

5.48
5.45
5.47
5.45
5.27

5.35
5.37

5.45
5.55
5.54

5.41
5.38

Q44-Course leaders were very well organised
Q43-I trust the information and advice I was given in
the program
Q42-The program has helped me set goals that are
reasonable and within reach
Q41-I intend to tell other people that the program is
very worthwhile

5.45

5.51

5.38
5.36
5.46

5.51

5.1 5.15 5.2 5.25 5.3 5.35 5.4 5.45 5.5 5.55 5.6
12 months score

6 months score

Figure 70: Evaluation of the health-education program

Question 50: Participants’ comments
This question included five sub-questions focused on difficulties in travel to the study
site, parking facilities, wheelchair access and costs incurred in participating in the
study. A free area for any other comments or suggestions or other things they liked or
disliked about this study or would like to see in future studies was provided. Table 86
summarises the comments received from participants.
The key feedback consisted of:
-

positive comments (27) mainly on the worth of the program and for receiving
additional services and information

-

negative comments (2); one regarding the duplication in blood sampling for the
routine clinic and for the study and the other regarding the conduct of the study
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checks during weekdays (rather than weekends). Both situations were created due
to the study protocol; first, one of the main criteria of the study protocol was not
to interfere with participants’ routine care, and as such the sample for the study
purpose could not be used for both routine care and the study and vice versa.
Second, the researcher was in Sri Lanka for very short time to collect the data, and
it was impossible to only use weekends both weekdays and weekends were used
for the entire six weeks of data collection.
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Table 86: Comments received for Question 50
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Participant
ID

Feedback

Positive words

THKB02

Very worthwhile. Participated with
interest

Worthwhile
Interest

THKB08

Thank you very much. It is very
much appreciated if you could
conduct this during the weekends
It was a great opportunity to selecting
me for the study. Thank you

Thank
Appreciated

THKA17

Thank you very much for conducting
this program. I could understand how
to control diabetes and how it is
important to adhere to medication

Thank
Understand
Important
Adhere
Control

THKB18

It was a very successful program on
diabetes control. Thank you

Thank
Successful
Control

THKA22

Thank you very much for conducting
this kind of study. We learnt more
about the diabetes control

Thank
Control
Learnt
Conducting this
kind of study

THKB25

It is dissatisfying to submit blood
sample in two places within the same
month

THKA31

Very well set up and informative.
Thank you

Thank
Informative
Well set up

THKB34

It was an effective program and It is
very worthwhile if you could
continue it

Worthwhile
Effective
If you could
continue it

THKA35

It is very good program. Thank You

Thank
Good program

THKB48

Thank you very much for giving us
the original laboratory reports and
the thoughts given us on diabetes
control

Thank
Control
Giving us the
original laboratory
reports
Thoughts given

THKB13
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Negative words

Conduct this
during the
weekends

Thank
Opportunity
Great

Dissatisfying to
provide blood
sample twice
within the same
month

Participant
ID

Feedback

Positive words

THKB56

It was a good program. Thank you

Thank
Good program

THKB74

We had a chance to learn on how to
control diabetes and it is trustworthy
Thank you

Thank
Control
Chance to learn
Trustworthy

THKA80

It was very worthwhile participating
for this program. Thank you

Worthwhile
Thank

THKB83

Thank you very much for conducting
laboratory test in every six months
free-of-charge

Thank
Conducting
laboratory test in
every six months
free-of-charge

THKA87

Thank you very much for providing
us a good program and we could
understand the importance of
controlling diabetes

Thank
Understand
Control
Good program
Importance

THKB88

It is a useful program. Thank you

Thank
Useful program

THKB91

This program was very helpful to
control diabetes and encourage to do
exercise, thinking positively about
the diabetes control

Thank
Control
Very helpful
Encourage to do
exercise
Thinking
positively

THKA92

Thank you very much for conducting
such a valuable program

Thank
Valuable program

THKA93

Very informative program. Thank
you

Thank
Informative

THKB96

Thank you very much for spending
your time to educate us on diabetes
and how to control it

Thank
Control
Spending your
time to educate us

THKB97

Very worthwhile, I am thankful to
you

Worthwhile
Thank

THKB99

My sincere thanks for giving us a
good knowledge on diabetes and how
to control it

Thank
Control
Good knowledge
on diabetes
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Negative words

Participant
ID

Feedback

Positive words

THKB101

This program was well organised and
informative, Thanks

Thank
Informative
Well organised

THKB102

I understood the importance of
maintaining the good control of
diabetes. Thank you

Thank
Control
Importance
Maintaining

THKB108

This program was well organised and
you could handle it by your own.
Thank you very much for your great
advices

Thank
Great
Well organised
Great advices

THKA110

It was very beneficial for us and it is
very helpful if you could continue it.
Thank you

Thank
Beneficial
If you could
continue it
Very helpful
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Negative words

Chapter IX – Discussion
Diabetes education is the cornerstone of diabetes management, and it is essential that
T2DM participant possess good knowledge about their illness. This education is
usually focused on improving self-management skills to prevent complications. Not
all people learn through the acquisition of knowledge, but many, especially in CDs
such as diabetes, learn through participation in education programs, group activities or
from previous poor experiences. Thus, the participant’s level of involvement, different
life perspectives, the perspective of the best methodology for them and the structure
of the education programs are all essential factors that need to be considered when
designing an education program. When participants gain confidence in selfmanagement skills, they became more involved and aware of factors that can affect
them.
Since there have only been a few educational programs conducted in diabetes centres
and clinics in Sri Lanka, this study was a new initiative designed to determine the
feasibility and efficacy of a diabetes education intervention based on the PITS model
and using the translated heiQ™ as a data collection tool. The approach of this study
differed from other local and international studies as it focused on examining the effect
of health educational on glycaemic control. In addition, another technique used in this
study was implementation of the education intervention on lifestyle modification on a
one-to-one basis, rather than as a group health-promotion activity. To the author’s
knowledge, this is the first education intervention study for T2DM to be reported in
Sri Lanka that shows that pharmacists could add value to diabetes care management.
First, this chapter discusses the journey taken by the author in undertaking this study.
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Second, it discusses the comprehensively evaluated findings and potential effects of
self-management education on glycaemic control and other metabolic markers in
participants with T2DM over a 12-month study. Third, it presents the strengths and
weaknesses of the study, before providing some summary comments.

The journey
This section explains how the planning and designing of the research was carried out,
factors affecting the progress of the PhD, and the obstacles that confronted the
investigator.
It was decided that the intervention would be conducted in Sri Lanka to benefit the
researcher’s home country. The researcher travelled to Sri Lanka and visited a number
of sites, approached their management to identify the feasibility and practicality of
enrolling their patients in the study and gaining the sites’ interim approval. This also
involved the researcher undertaking induction training at each site to gain full
understanding of local site policies and routine procedures, and to have a visual
appreciation of how to achieve a workable plan and seamless flow from recruitment
to the end of the study intervention. Two main clinics were identified; however, as it
was clear that the number of daily patients attending those clinics made them crowded
at all times, with no possible office space for the researcher. Thus, for the privacy of
participants and security of data, it was decided to conduct the intervention inside the
Faculty of Medicine, University of Ruhuna, Sri Lanka.
During the visit to Sri Lanka, another concern was raised; finding a suitable accredited
(to Australian standards) laboratory for HbA1c and lipid profile testing. This was
finalised after obtaining quotations from three main laboratories operating from the
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selected sites. Out of the three laboratories, the ISO 9000 certified, quality guaranteed
laboratory (Durdans Laboratory) was selected for blood sample tests. Also, for best
practice and infection control, it was decided to use the services of a qualified
phlebotomist for blood sample collection. This step was also concluded in a timely
manner as planned in the study timeline.
Translation of heiQTM was carried out by the University of Melbourne, with guidance
from Deakin University, the developer of the questionnaire. Translation was
conducted by professional translation services contracted by the questionnaire
developer, Professor Richard Osborn, which included forward and backward
translation, cognitive validation of the questions and cultural validation of the
questionnaire. HeiQTM (Appendix VIII) was used with licenced agreement from
Deakin University. The heiQ™ translation procedure took over six months; however,
translation was essential prior to the conduct of the intervention and concurrent with
the ethics application both in Australia and Sri Lanka. All other materials were
translated in-house by the researcher and support groups from Australia and Sri
Lankan academics, and other PhD candidates.
Ethics clearance was achieved from both countries; Charles Darwin University,
Australia and the Faculty of Medicine, University of Ruhuna, Sri Lanka. The clearance
took longer than planned; eight months instead of six months.
The delay was due to the long waiting list for ethical clearance from the Faculty of
Medicine, University of Ruhuna, Sri Lanka; caused by internal administration issues
in the university during that period. Additionally, the ethics committee of Sri Lanka
was of the opinion that the trial should be registered with the Sri Lanka Clinical Trial
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Registry before initiation of the data collection process, which was achieved as
expected.
The conduct of the intervention, posed a near-overwhelming challenge. Just after the
ethics approvals were granted, a withdrawal from agreement to host was received from
the National Diabetes Centre, Sri Lanka at Colombo, which had been planned as the
control group’s site. The researcher approached another site, which agreed, the new
letter was provided to the ethics committees out-of-session and it was approved.
However, this was logistically challenging for the researcher.
The intervention and data collection this process was initiated in June 2015 and ended
in July 2016 with three data collection phases at baseline, six months and 12 months.
The recruitment process was completed on site using the developed protocol described
in the methodology chapter (Chapter IV). The baseline data collection was completed
with the aid of the researcher who administered the socio-demographic questionnaire,
baseline heiQTM and other biomedical tests as per the developed protocol. One site
(Karapitiya Teaching Hospital diabetes clinic) was utilised for the participants in the
intervention group, and one site (Colombo clinic) was used for the non-intervention
group (all underwent initial testing without education).
During this process, to control the variables, the same equipment was utilised in both
sites, and all data collection processes (except blood sample collection) and the faceto-face, one-to-one education intervention were carried out solely by the main
investigator of this study.
The study produced a large amount of data, of which some were numerical, some
categorical and others psychometric. The data was entered into Microsoft Excel™ by
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the researcher, who also performed the first analysis of the database to understand the
data and conduct data clean-up. This was then reviewed and rectified by a professional
statistician. The researcher then interpreted the results as presented in the result
chapters (Chapters V-VIII).
The findings of the study are discussed in detail in the following section.

Discussion based on findings
This study focussed to identify the effect of one to one patient education with the
achievement of good diabetes control (i.e. HbA1c, BGL, BP and lipid profile within
target; sound understanding about diabetes; have a diabetes care-plan and selfmanagement skills) through the provision of diabetes self-management, improving the
knowledge and medication adherence.
There were more females than males in the study sample (n=152) (108, 71% and 44,
30% respectively). The high prevalence of diabetes among female participants was
evidence in both Jayasuriya et al., 2015 and Katulanda, Rathnapala, Sheriff &
Matthews, 2011 which indicate that the female majority in the sample is a reflection
of the general population.
The findings from the baseline analysis indicated that all participants, intervention and
non-intervention, shared a similar starting point with their health and physical
measurements and diabetes knowledge (except diastolic pressure and height). This
provided assurance that the enrolled sample was a representative sample of the T2DM
population in Sri Lanka. The sample had a large proportion of participants with
education status up to Grade 10, older age (above 50 years) and high rate of
unemployment (67.5% in subgroup A, 62% Subgroup B and 39.1% Control group,
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respectively). This sample parallels the sample in the recently published study
conducted by Jayasuriya et al. (2015) in Sri Lanka.
The study showed that the intervention group had significant HbA1c level
improvement compared to the non-intervention group (which had no diabetes
education), and that Subgroup B (which had repeated education sessions every six
months, at baseline and six months) had better control than Subgroup A (which
received one education session only at baseline).
HbA1c is an important indicator showing not only the severity of T2DM but also how
well the participant self-manages their diabetes and how well the medication is
working. The UKPDS (Stratton et al., 2000), revealed that each 1% reduction in the
HbA1c level is related to a 37% reduction of microvascular complications, a 21%
reduction of diabetes-related death and a 14% reduction of myocardial infarction.
Accordingly, it can be assumed that any level of reduction in the HbA1c level
contributes to the reduction of the risk of diabetes-related complications.
This study found that the provision of the structured education program intervention
had a significant impact on the participant’s ability to maintain better diabetes control.
There was significant reduction (M= 15.9%) in HbA1c level in the intervention group
after participants received education on self-management. In contrast, HbA1c level in
the non-intervention group did not show significant variation. In addition, the
reduction of HbA1c level was remarkably higher in Subgroup B, which had repeated
education interventions, in comparison to the non-intervention group and Subgroup A
(one intervention). Participants in Subgroup B (37.2%) achieved a level of 6.5% or
below, while only 27.7% in Subgroup A achieved the same level. These finding were
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also evident in the study by Jayasuriya et al., 2015, in which the HbA1c target of 6.5%
was achieved for 28% of the intervention group following one education intervention.
Consistent with a number of studies with a clinical pharmacy focus undertaken
globally, where similar interventions were carried on, in patients with T2DM, HbA1c
level was reduced by at least 1% relative to the control groups (Jamson & Baty ,2010,
Jarab, Alqudah, Mukattash,Shattat, & Al-Qirim, 2012, Mazroui, Kamal, Ghabash,
Yacout, Kole & McElnay, 2009).
At the end of the 12-month period, there was 1.4kg (2.4%) mean weight loss in the
intervention group, and a 1.8kg (3%) mean weight increase in the non-intervention
group. Additionally, 41 intervention group participants (41.8%) lost more than 5% of
their initial body weight, while only 14 non-intervention group participants (25.9%)
lost weight, and the improvement was less than 5%. Out of all participants who lost
≥5% of their initial body weight in the intervention group, 58.5% (n = 24)
participants were those who had a 3.3% mean improvement in HbA1c levels,
compared to participants who lost under 5% of their initial body weight and achieved
less or no improvement in their HbA1c levels. Jayasuriya et al., 2015 study did not
show any significant changes in participants weight. Conversely, this study showed a
significant weight loss in the study group which may suggest that it happened as a
result of the improved participants health education level resulting from the
education intervention. There is a possibility that weight loss may have contributed
to the reduction in HbA1c level for most participants.
BP varies depending on family history, the environment (stress, heat, humidity or
dehydration), physical or mental activity, diet, and disease states (especially infection
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and other co-morbidities) that may increase the risk of cardiac events or stroke. This
risk increases further in patients with diabetes. Controlling BP to normal
(120/80mmHg) or to be within the target (between 120/80mmHg and 135/85mmHg)
prevents further CVD and renal complications.
The same digital sphygmomanometer was used to measure diastolic and systolic
pressure by the researcher at all sites to prevent multiple machines and multiple
operator variance.
This study’s results indicate that diastolic pressure was maintained at around 80mmHg
in all intervention group participants, while it was higher (average of 85mmHg) in the
non-intervention group. This was significant at the 12-month analysis. There was no
significant difference in improvement between Subgroups A and B. These findings are
consistent with Jayasuruya et al., 2015 study results.
There was significant improvement in systolic pressure in the case group (p = <0.001)
from baseline readings to the six and the 12-month follow ups compared to the nonintervention group.
Since patients in both groups were prescribed similar antihypertensive medications,
this finding may be due to the education intervention and the associated lifestyle
modifications and medication adherence in the intervention group consistent with
early studies (Jarab, Alqudah, Mukattash,Shattat, & Al-Qirim, 2012, Jayasuriya et al,.
2015).
To monitor heart rate, the same digital sphygmomanometer as used to measure BP was
utilised. Heart rate significantly deviated in the groups during the study; with M =
80.7bpm at 12 months in the intervention group and M = 77.3 bpm in the non-
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intervention group. However, with the known white coat syndrome, BP and heart rate
may change during the consultation compared to the actual readings.
The risk of cardiovascular complications in patients diagnosed with T2DM remarkably
increases due to obesity, uncontrolled hypertension and uncontrolled dyslipidaemia.
Total cholesterol level showed some significant changes (p = <0.001) with a mean
reduction of 24mg/dL (12.6%) in the intervention group, while mean total cholesterol
level increased by 12.5mg/dL (6.9%) in the non-intervention group at the end of 12
months. The normal range of total cholesterol (≤195mg/dL) was maintained during the
study period in both groups. There may be an indirect relationship between the health
education intervention and the significant reduction in total cholesterol in both
intervention subgroups while it was increased in the non-intervention group.
The HDL level remained almost unchanged in both intervention and non-intervention
groups, but under the recommended level (M = 44mg/dL); this may be due to the
inability to change some lifestyle aspects (e.g. food) due to financial hardship.
There were significant changes in TGs and LDL levels in the intervention group from
baseline in comparison to the levels measured at the six and 12-month follow ups. TG
is the most common type of fat in the body. Normal TGs change with age, gender and
other disease conditions such as diabetes. Elevated serum TGs are commonly
associated with insulin resistance and represent a valuable marker of metabolic
syndrome, as specified in the Katulanda et al., (2012) study. However, TG remained
within the normal range (under 150mg/dL), at 136.2mg/dL in the intervention group
and 103.8mg/dL in the non-intervention group.

259

LDL level is considered the bad cholesterol and higher levels (≥100mg/dL), increase
the risk of heart disease. Lower levels of HDL (≤45mg/dL) and higher levels of TGs
(≥150mg/dL), increase the risk of CVD consequences and renal, foot and eye
complications. This was relayed to the study participants during the education
intervention. There were significant changes in LDL level in the intervention group
from six months to 12 month and baseline to 12 months follow up (p =0.003 and p
=0.048 respectively).
Earlier studies found that a pharmacist -based management program for patients with
T2DM was associated with significant improvement in serum triglycerides, total
cholesterol and LDL level which is consistent with the finding from this study,
intervention group. The significant improvement in LDL level, total cholesterol and
TG observed in the intervention group may be due to the pharmacist education on the
importance of adherence to statin therapy compared to the non-intervention group. The
reported rise in TG level in the intervention group was similar to that reported by Yuan
et al., 2014 who reported that seasonal changes may influence the lipid profile. This
study was conducted over a period of12 months, where climatic changes occurred.
This variation may be due to the weather changes rather than the effect of education
program. The other hypothesis is that this change might be a result of a natural
progression of uncontrolled diabetes, or seen as an effect of the educational program
intervention slowing down the progression and maybe also reverse it. Future research
will be required to investigate this further.
Participant perception of their ability to self-manage diabetes varied, but a common
experience was that handling its daily demands comes with a high social burden, is
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costly, requires awareness and skills, and requires resources and support. Thus, people
with diabetes have specific needs for support to assist them managing their diet,
exercise, medication and blood-glucose monitoring. This indicates that the
intervention program, which was based on motivational interviewing, might influence
glycaemic control in participants with poor HbA1c.
As described in the study by Amasekara et al., 2014, the majority of patients believe
they have sufficiently active daily lives and have no time for additional specified
physical activities or exercise. This current study’s findings indicate that 53% (n = 31)
of the participants in the intervention group were moved from the inactive to the
physically active category, undertaking some sort of exercise at the end of the 12month period, while 28.6% (n = 7) moved from active to inactive in the nonintervention group due to life and work commitments. This result complements the
better health outcomes reported by the intervention group’s treating doctors, who
advised a 26% discontinuation of combined diabetes medication to monotherapy in
some participants, and a reduction in dose in others due to good HbA1c control during
the study period.
Diet is an important factor that directly affects glycaemic control in T2DM patients.
Fruits and vegetables are rich in fibre, vitamins, antioxidants and minerals, which
enhance health and wellbeing, thus reducing the risk of diseases. Eating vegetables
and fruits protect against a range of health problems, including coronary heart disease,
high BP, stroke, some forms of cancer (e.g. gastrointestinal cancers) and obesity, and
improves T2DM patient outcomes in general (World Health Organization, 2004; Yates
et al., 2012). The adequate consumption of fruits and vegetables is regularly evaluated
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and changed; currently the recommended consumption is five vegetables and three
fruit serves per day for adults (Strong, Lyon, Stern, Vavasour, & Milne, 2014). Those
considered having inadequate fruit and vegetable consumption comprised 33.93% of
all participants (53 people).
Smoking and alcohol consumption are modifiable risk factors. In T2DM patients they
may worsen disease prognosis, especially for conditions related to peripheral
cardiovascular circulation (smoking) and calorie intake (alcohol). In this study sample,
23.9% were smokers and 7.8% were heavy users of alcohol.
Obesity is a well-established risk factor for metabolic disorder in patients with
diabetes. Waist circumference was measured in all participants in every phase of the
study to confirm central obesity status. It measured the complex array of tissue
including VAT, subcutaneous fat, muscle, abdominal organs and bony structures.
Excess abdominal fat is associated with increased risk of cardio-metabolic risk
(Brown, 2009). In the current study, waist circumference had a mean reduction of
3.35% in the intervention group and 1.4% in the non-intervention group between
baseline and the 12-month readings. Both changes were statistically significant on
multivariate analysis that controlled for the baseline measurements. This was in line
with the findings of Jayasuriya et al., 2015 study.
Some studies show that waist circumference is a better predictor of risk factors than
BMI (Huang et al., 2012). BMI change may be attributable to the change of skeletal
muscle rather than body fat, and waist circumference measures the change in the
abdominal fat that is passively associated with insulin resistance. The results of this
current study indicate that there was a significant change in BMI between baseline to
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the six-month and 12-month follow ups in individuals in the intervention group when
compared to those in the non-intervention group. While it was not statistically
significant, obesity (waist circumference more than the BMI) showed some
relationship with income level in the different groups and provinces which was
consistent with Katulanda, Rathnapala, Sheriff & Mathews, 2011 study. Weerasuriya
et al. (1998) reveal that a significant proportion of Sri Lankan patients with T2DM
have complications at the time of their first diagnosis. This was confirmed by a recent
study with newly diagnosed patients with complications (Katulanda et al., 2012) and
this current study. Diabetic peripheral neuropathy was a common complication
reported in the study sample, affecting 37.3% of the total sample. These findings are
in line with the outcome of the study by Katulanda et al. (2012), which showed that
the prevalence of diabetic peripheral neuropathy in Sri Lanka is significantly lower
than other regional, developed and developing countries, as summarised in Table 89.
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Table 87: Prevalence of peripheral neuropathy
in regional and developed countries
Country

Prevalence of
diabetes
peripheral
neuropathy (%)

Sri Lanka

24.0

India
Pakistan

29.0
39.6

UK

28.5

China

32.0

Iran

51.7

North-Africa

41.0

Peripheral neuropathy was measured in this study by using a monofilament pressure
pen (10gm pressure), patient records and was also reported by patients. A higher
percentage of males (43.5%) had diabetic peripheral neuropathy, which agrees with
cross-sectional data from other studies’ baseline findings, but does not agree with the
findings from Katulanda et al. (2012).

The second most common complication was eye disease (15.7%), based on participant
records, which showed a similar occurrence (15%) as the Weerasuriya study
(Weerasuriya et al., 1998).
Formal analysis of educational attainment, as a moderator of treatment effectiveness,
should be considered for all diabetes patient self-management studies. In clinical
practice, as specified in a study by Yang et al. (2015), health educators should pay
more attention to people with low educational attainment. The current study’s
demographic findings reveal that the majority of participants in the intervention and
non-intervention groups had an education level up to Grade 10, and the
appropriateness of the education program was ensured by using the PITS model (See
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Figure 14 in Chapter IV, Yang et al., 2015) and Microsoft Words™ readability
statistics, thereby making the education pack simpler and able to be understood by all
participants (Chapter VI, Figure 39).
The most obvious finding to emerge from analysis of the study outcomes was that the
significant improvement in diabetes control (HbA1c from 8.6% to 7.2%, and 8.6% to
8.2% in the intervention and non-intervention groups respectively) had an equally
positive impact on the improvement of health knowledge and self-management of
diabetes as determined by using the heiQTM in the case group when compared to the
non-intervention group (who did not receive the study structured education materials
until after the final data collection at 12 months). This finding provided supplementary
evidence to the growing body of literature on medication adherence and its relationship
with the self-management of diabetes when developing health-education interventions
in future research.
The evaluation of patient-centred health-education interventions relies on tools that
measure patient reported outcomes. There are few studies that provide guidance about
suitable and realistic outcome measures for self-management interventions. The
heiQTM tool provides a sound instrument to evaluate the outcomes of patient education
interventions. The heiQTM was derived from a grounded approach, with its most
prominent feature being its breadth and capability to evaluate individual’s ability to
manage their chronic condition irrespective of the type of underlying disease. This tool
has been applied to participants with a broad range of chronic disease conditions in
different settings, by a range of users with different interventions, and has been
validated in variety of settings with different languages. This questionnaire provides a
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broad profile, including potential proximal impacts of patient education programs on
areas related to engagement and motivation to improve healthy behaviours, symptom
relief, control and insight, confidence in communication, social interaction and
emotional distress. Another objective of the current study was to translate and
culturally adapt the heiQTM to Sinhala for the evaluation of knowledge enhancement
after the structured health-education intervention for T2DM participants in Sri Lanka.
The results of this study reveal that all heiQTM domains showed at least low to
moderate correlations with the follow ups. The initial mean values in the current study
(Table 88) were comparative to the results presented in the French translated heiQTM
data (Belanger et al., 2015; Morita et al., 2013). This difference may indicate that the
Sri Lankan participants already had limited knowledge of their disease. However, this
exploration of the positive improvement in all domains in the intervention group
during the follow-up analysis compared to the non-intervention group, strongly
evidences the effect of the education intervention on knowledge improvement in the
study participants. Domains 1, 3 and 6 showed higher results in this study than that of
the previous studies validated in the French translated heiQ™. However, results were
in a middle range between the two studies for Domains 2, 4, 5, 7 and 8.
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Table 88: Comparison of baseline values for eight domains of heiQTM with recent studies
Morita et
al., 2013
(Study 1)

Belanger
et al., 2015
(Study 2)

1 Health directed
behaviour

2.40

2 Positive and active
engagement in life

Domain

This Study
Inter
venti
on

Comparative

Noninterven
tion

Comparative

2.60

2.82

++

2.73

++

2.77

3.10

2.84

+/–

2.80

+/–

3 Emotional wellbeing

2.13

2.70

2.94

++

2.96

++

4 Self-monitoring and
insight

2.70

3.10

2.94

+/–

2.96

+/–

5 Constructive attitudes
& approaches

2.68

3.10

2.78

+/–

2.75

+/–

6 Skills and technique
acquisition

2.45

2.80

2.86

++

2.84

++

7 Social integration and
support

2.51

3.00

2.64

+/–

2.64

+/–

8 Health services
navigation

2.13

2.80

2.41

+/–

2.41

+/–

++ Higher than Studies 1 and 2
– – Lower than Studies 1 and 2
+ Higher than Study 1
– Lower than study 1
+ Higher than Study 2
– Lower than Study 2

A study by Osborne et al. (2011), the developer of the heiQTM, concluded that it is
common for people who accumulate a high heiQTM score in Domain 3: Emotional
wellbeing to also have high scores in Domain 2: Positive and active engagement in life
and a low score in Domain 4: Self-monitoring and insight. This current study validated
this finding. The study sample revealed that Domains 8 and 7: Health services
navigation and Social integration and support respectively, had the lowest scores. This
result might be due to the poor development of technology, or less priority given to
personal conditions than family matters as per cultural beliefs in adults in Sri Lanka.
The greatest effect size was found in Domain 1: Health directed behaviour, Domain 2:
Positive and active engagement in life and Domain 8: Health services navigation,
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between the baseline score and the follow ups in the intervention group. Domain 5:
Constructive attitudes and approaches, Domain 6: Skills and technique acquisition,
Domain 7, Social integration and support and Domain 3 Emotional wellbeing were
also notable in the way intervention group individuals participated in the education
session in the follow ups compared to that delivered at baseline. Intervention group
participants also showed an improvement in their ability to confidently interact with a
range of health organisations and health professionals (the researcher, nurses, GPs and
the pathology laboratory). These findings are critical for patients in Sri Lanka, as they
have high dependence on physicians’ instructions and on medical healthcare
professionals to manage their health conditions. In addition, these findings reveal that
the participants were encouraged to become proactive in managing their health.
However, there was a slight improvement in skill and technique acquisition and health
service navigation at six months, but reduced after twelve months. These findings seem
reasonable as people with worse health may have had more experience or challenge
with these areas and been more engaged with health professionals to control their
conditions, whilst they become less responsive when they get used to their disease
condition.
There was no revision made to the translated version of the heiQTM as all items
precisely promote health and behavioural change. However, based on verbal
communication with the study participants, the terminology used the items translated
from “I feel hopeless because of my health problems” and “I feel like I am actively
involved in my life” were shown not to be fully understood, and they were answered
after clarification by the investigator. Some clarification was made to reduce
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variability in results. Therefore, further research is encouraged using the modifications
to the translation of those two statements.
The follow-up questions were based on the fundamental environmental and personal
determinants of a person’s opportunities to access the research intervention and
provide their feedback. Question 45: “It was worth my time to take part in this study”
scored the highest, with a score of 5.58. It was one of the main outcomes of the
education intervention that had positive feedback, and highlights the success of the
education intervention.
Participant appointment reminders took effort and time (one month leading up to data
collection and an average of 30 minutes per person leading up to the data collection at
the 6-month and 12-month follow ups). The dropout rate after 12 months was 10.91%
for the intervention group and 3.58% for the non-intervention group. However, one
participant died due to cardiac arrest. Similarly, another participant discontinued the
study at the 12-month follow up due to stroke. Two participants from the nonintervention group missed the after-intervention control group education session.

Benefits to research sites and participants
The participating hospitals (Karapitiya Teaching Hospital and Colombo South
Teaching Hospital, Sri Lanka) and the Faculty of Medicine, University of Ruhuna, Sri
Lanka provided their facilities without any monetary incentives. The structured healtheducation program that was translated to Sinhala will be adapted to the current
education program at the Karapitiya Teaching Hospital.
Participants benefited from free-of-charge diabetes management education, printed
education content, lipid profile and HbA1c tests three times during the study period,
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BP monitoring, weight, height, waist circumference and BMI measurements. In
addition, participants received compensation of A$3 each (LKR300) per visit, for three
visits, to cover the cost of travelling.

Limitations and constraints
The study sites were selected with consent from the heads of the relevant clinics in the
Karapitiya Teaching Hospital, Galle, and the National Diabetes Centre, Colombo, 12
months prior to data collection. Following ethical clearance, the National Diabetes
Centre administration withdrew its initial agreement and decided not to take part in the
study. This constraint was resolved by obtaining approval to utilise clinic patients from
the Diabetes and Endocrinology Clinic, Colombo South Teaching Hospital, Sri Lanka
for the control group.
Another constraint for this study was the unavailability of additional space and
facilities to carry out health-education intervention or collection of data from the site.
The study sites were public sector hospitals that provide free medication for the nation,
with a highly congested busy environment. This constraint was overcome for the
intervention group through invitation of participants to the Department of
Parasitology, Faculty of Medicine, and University of Ruhuna, Sri Lanka for their
intervention study. The site for the intervention process was facilitated by the
university, as the investigator of this study is a lecturer at the Faculty of Medicine,
University of Ruhuna, Sri Lanka. But this was not overcome for the control group, as
their study site was the busy Diabetic and Endocrine Clinic area, which delayed and
limited the data collection process.
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Strengths and weaknesses of the study
The percentage of female participants in this study was higher (72.3%) than males,
which does not correspond with the national population of 100.2 men to 100 women.
This may correspond to the sample employability (39.1%), which may mean that male
enrolment was low due to work commitments rather than unwillingness to participate.
Regardless of the reason, the results are a truer representation of the female population
than the male population.
The study samples were attributed from routine diabetes clinics; thus, participants were
familiar with the principles of diabetes care from their physicians. Hence, they might
have been more motivated than other diabetes patients from the community and more
willing to take part in the education program to increase their knowledge because they
were not totally unaware. Therefore, further research is encouraged to validate the
findings from this study in a sample enrolled from rural community primary care
clinics (where patients might not be as familiar with diabetes care) rather than teaching
hospitals.
The study sample was selected as a convenience sample. The limitation of convenience
sampling is that it uses available subjects who have access to the study site, which may
not have been representative of the broader population of adults with T2DM, thus
limiting the ability to generalise the findings. Additionally, the study participants were
recruited from two large tertiary care hospitals in Sri Lanka, located in the most urban
parts of the country, where people have more access to media and other information
resources than those in the rural areas, which could have led to selection bias.
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The six-months follow-up assessment and repeated education was not sufficient time
for any changes to be detected; follow-up every 12 months is highly recommended for
future studies. This is evidenced by the occurrence of no significant differences
between certain biomarkers at six months to 12 months between Subgroups A and B
who had one and two interventions respectively.
The “duration of diabetes” as measured in this study might not reflect the true duration
of the disease, but rather the time since diagnosis. Actual diabetes onset precedes
diagnosis by several years. The longer a person experiences chronic disease the more
they become aware of the disease from experience, or become less adherent due to the
emotional burden of the disease.
High retention rate was recorded in the current study, which may be due to lipid profile
and HbA1c tests being performed during the study free-of-charge at initiation, six
months and 12 months, providing additional benefit to participants that otherwise
could have been unaffordable based on the average income (between LKR10,000 and
LKR30,000). Testing would have cost the individual LKR2760 every six months (total
benefit = LKR8280 10% for a low to middle-class family with an income per month
of LKR10,000).
Another strength of the study was the structured education program, with the final 15
minutes tailored to the individual’s current medication regimen. Participant feedback
was positive, evidenced by their glycaemic control improvement.
Finally, this study had cluster designs that reduced contamination between the nonintervention and intervention groups with high retention rates.
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Chapter summary
In this chapter the study results were further discussed. The main finding was the
relationship between the improvement in the level health education intervention and
the improvement of HbA1c levels. This impact might be a result of the patients’
gaining awareness of their disease and medications for the first time. Due to the
financial hardship, few centres routinely provide patients with education and due to
the remoteness of some locations not all patients have access to appropriate level
healthcare. The study also found that the relationship between the frequency of
delivering the health education (six or 12 monthly) did not significantly change the
outcome of HbA1c levels. This result suggests that repeating the education every 12
months is sufficient considering the resources required to remind participants to attend
appointments.
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Chapter X – Conclusions and Recommendations
This chapter summarises the study findings, highlights the contribution of this study
to the literature, discusses its practical implications, and makes recommendations for
future research.
T2DM is a major public health concern in Sri Lanka. The face-to-face, one-to-one
structured patient education program (based on the PITS model), which was tailored
to patient’s current medications, was shown to be an effective approach to diabetes
care and patient-centred intervention in Sri Lanka.
The education intervention produced significant HbA1c control in the intervention
group, found to be 7.2% for the overall intervention group and 8.2% for the nonintervention group. There is a need for other healthcare professionals (other than
medical officers and nurses) to provide diabetes education, to ensure that sufficient
support and resources are available to participants with diabetes from more than one
outlet, for example, a bachelor degree qualified pharmacist in addition to the doctor in
a busy clinic where it is not possible to provide participants with additional time for
education.
The education and support needs of diabetes patients require healthcare professionals
to develop good partnerships to improve patient self-management. Since diabetic
education programs have been associated with improved metabolic control,
pharmacists have an opportunity to intervene, motivate and ultimately influence the
patient’s outcomes through teaching and counselling.
This study revealed not only that communication between the pharmacist and patients
for counselling and education leads to lifestyle modification and self-management of
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T2DM patients in Sri Lanka, but also that it was worthwhile collaborating with treating
doctors. Pharmacists who have completed their bachelor degree are highly-qualified
professionals; if fully utilised they could fill some of the gaps in health service
provision, especially in rural and remote settings in Sri Lanka where no other
specialised healthcare professionals are currently available.
The heiQTM translated into Sinhala was well accepted by participants suffering from
T2DM, revealing the usefulness of the questionnaire as an instrument to evaluate the
impact of health-education intervention for any chronic disease, not just diabetes.
Sinhala heiQTM serves as a proximal goal for self-management programs to advance
outcome assessment in this field in Sri Lanka. The heiQTM could be used as a tool for
further studies to determine the value of its application in other health conditions, to
compare outcomes across multiple cultures and for multiple languages in Sri Lanka.

Practical implications and recommendations
This study intervention could be used as a model of an integrated program to improve
T2DM patient awareness and medication self-management. Future studies could be
developed with targeted intervention aimed to cover all provinces in Sri Lanka,
particularly in different settings, to test the re-producibility of the results.
The method used in this study through the use of the heiQ™ can identify individual
patient education needs and address relevant aspects to their education status and
health education gaps. Pharmacists are well trained in patient counselling, which
currently is not efficiently utilised, but if used, could fill the gap of the shortage in
doctors and provide access to those who cannot reach a doctor’s clinic in rural Sri
Lanka.
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A paradigm shift is needed; Sri Lanka is currently lagging far behind international best
practice in diabetes patient self-management. This study recommends further research
using a larger and more demographically varied sample. In this way, the study would
be more consistent with the general population.

Implications for policy and practice
There is an urgent need to establish a national diabetes register for T2DM patients to
allow patient follow up and to provide a method of communication for routine
education on diabetes management. Additionally, this study highlights the importance
of defining clear and coordinated roles among multidisciplinary practice team
members, to ensure adequate health education on self-management of diabetes in
nationwide clinical setups that contribute to the reduction of burden of diabetes on the
healthcare expenditure of the country.
Recommendation
This study recommends that:
-Pharmacists who have completed their bachelor degree in pharmacy are well
qualified and should be encouraged to do diabetes education intervention in
community and primary care settings.
-Participants diagnosed with diabetes should be assessed for adherence
behaviours and health education in a primary care setting by health care
professionals including suitably qualified pharmacist.
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-Diabetes education should be provided to patients on at least an annual basis
in a primary care setting by health care professionals including suitably
qualified pharmacist.
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