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DEFINITION OF TERMS

Diabetes mellitus (DM): Diabetes mellitus is a metabolic disorder that is associated with
elevated blood sugar levels (hyperglycaemia) and disturbances of carbohydrate, fat and
protein metabolism. It occurs due to defects in insulin secretion, insulin physiological activity
or both.

Hypertension: Hypertension or elevated blood pressure is diagnosed when blood pressure

reading is greater than 140/90 millimeters of mercury (mmHg) following 3 separate readings.

Microalbuminuria: Levels of albumin ranging from 30 to 300 milligram (mg) in a 24 hour
(h) urine collection.

Overt albuminuria/macroalbuminuria/proteinuria: Defined as a urinary abumin
excretion of greater or equal to 300 mg/24 h.

Dysdlipidaemia: Lipid abnormalities.

Overweight individual: When an individual’s body mass index (BMI) is 25-29.9 kg/mz.
Obese individual: When an individual’s BMI is greater or equal to 30 kg/m?

Newly diagnosed type 2 diabetes mellitus patient: One with duration of diabetes less than 1

year.
Elderly patients: Patients aged 65 years and above.

Quality indicator: The quality indicator for the care of type 2 diabetes mellitus as used in
this study refers to prescribing acetyl salicylic acid in elderly patients for primary prevention

of cardiovascular diseases.

Prescribing quality indicator (PQI): Defined as a measurable element of prescribing for

which there is evidence or consensus that it can be used to assess the quality of care provided.

Beers criteriaz The updated Beers criteria (2012) deal with potentially inappropriate
medicine use in older adults. For T2DM, the criteria recommend that long acting

sulfonylureas such as chlorpropamide and glibenclamide should be avoided in older adults

Face validity of prescribing indicator (Pl): Implies that the Pl is based on literature review

or evidence-based clinical guidelines.
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Content validity of PI: Implies that the Pl is assessed and accepted by a group of experts or
professionalsin the field.

Operational validity or feasbility: Implies that feasibility of caculation of Pl is
demonstrated or defended in view of available data.

Quality of prescribing: In this study, an indicator with a minimum outcome of 70 %
represented good quality prescribing while that with an outcome below 70 % represented
poor quality prescribing. An outcome of not more than 5 % for potential inappropriate

medicine use or drug-drug interactions also represented good quality prescribing.
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ABSTRACT
Background: Diabetes mellitus is a chronic metabolic disorder that is of great public health
importance globally. Type 2 diabetes accounts for 90 % of all diabetes. Lifestyle
interventions are promoted as the initial management approaches in type 2 diabetes but are
known to provide optimal results in only a minority of patients. Pharmacological
interventions therefore remain the mainstay approach. Many classes of glucose lowering
drugs are available, increasing treatment options from which choices can be made. Quality
prescribing of these drugs is recommended as it results in greater improvement in glycaemic
control, blood pressure and lipid management. However, in most practices, quality of
prescribing is rarely monitored, thereby compromising quality of diabetic care. Prescribing
quality indicators, quality indicators and criteria have been developed to monitor quality of

prescribing.

Objective: The main objective of this study was to investigate the quality of prescribing in
type 2 diabetes mellitus ambulatory care at Webuye District Hospital.

M ethodology: Thiswas a retrospective review of patient medical records at Webuye District
Hospital, Western Kenya. The target population was type 2 diabetes mellitus patients who
visited the diabetic clinic in the year 2013. Fisher’s formula for descriptive studies was used
to calculate a sample of 369 patients. Sequential sampling of patient attendance lists was
applied to retrieve 880 patient records and the first 369 that met the inclusion criteria were
picked for this study. A data collection form was designed, pre-tested and validated. Data
collected were coded and analysed with Microsoft Office Excel 2007 and STATA® software
version 10.1. Bivariate and multivariate logistic regression was used to determine factors

influencing prescription of specific drugs.

Results: Of the total 369 type 2 diabetes mellitus patients, 57.2 % were females while 14.9 %
were newly diagnosed. The main co-morbidity was hypertension, affecting 70.5 % of the
patients. The main drugs prescribed for hyperglycemia were metformin (84.9 %),
glibenclamide (47.7 %) and insulin (32.0 %) while those prescribed for cardiovascular risk
were hydrochlorothiazide (52.8 %) and enalapril (51.8 %). More than 89.0 % of patients with
hypertension were prescribed enaapril or losartan, which represented good quality
prescribing. Potential cases of drug-drug interactions were found in 4 % (95 % CI: 2-6) of

records reviewed, representing good quality prescribing.
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Age, weight and systolic blood pressure were recorded for all 369 patients. Body mass index
was recorded for 56 % patients while albuminuria was not recorded for any of the patients.
Outcomes for 10 of the 12 selected prescribing quality indicators varied from 99 % for
prescribing any antihyperglycaemic or antihypertensive medication to 6 % for prescribing
statins in patients with high cardiovascular risk to. Outcomes for the remaining 2 indicators

could not be calculated due to absence of eligible patients.

The use of insulin was significantly influenced by glycated haemoglobin [Odds ratio (OR)
1.2, p < 0.01] and duration of diabetes (OR 1.1, p < 0.01) while the use of losartan or
enalapril was significantly influenced by hypertension (OR 19.3, p < 0.01). Additionally, use
of acetyl salicylic acid was significantly influenced by hypertension (OR 4.1, p < 0.01) and
age (OR 1.1, p<0.02).

Conclusion: This study established that there was a high rate of adherence to treatment
guidelines on choice of drugs for management of hyperglycemia and cardiovascular risk,
which represented good quality prescribing. However, there were deficiencies in adequate
control of hyperglycemia, hypertension and dyslipidaemia. Outcomes for 6 prescribing
quality indicators represented good quality prescribing, while outcomes for 4 others
represented poor quality prescribing. There were also deficiencies in quality of prescribing in
elderly patients, where nearly half were prescribed glibenclamide; while only one third were
prescribed acetyl salicylic acid for primary prevention of cardiovascular disease. Cases of
potential drug-drug interactions were below 5 %, which represented good quality prescribing.
Glycated hemoglobin level and duration of diabetes significantly influenced use of insulin
while hypertension significantly influenced use of enalapril, losartan and acetyl salicylic acid.
Age aso significantly influenced use of acetyl salicylic acid. Findings from this study
provide a framework for policy makers at the Ministry of Health in Kenya to formulate
strategies to promote pharmacotherapy outcomes in type 2 diabetes in particular and other

chronic diseasesin general.
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CHAPTER ONE: INTRODUCTION

1.1 Background

The World Health Organization (WHO) defines diabetes mellitus (DM) as a metabolic
disorder associated with elevated blood sugar levels (hyperglycaemia) and disturbances of
carbohydrate, fat and protein metabolism. It occurs due to defects in insulin secretion, insulin
physiological activity or both (WHO, 2011). There are two major types of diabetes mellitus
(DM); Type 1 and type 2 DM (T2DM). Type 1 occurs as a result of destruction of insulin
secreting beta (B)-cells in the pancreas, usualy leading to absolute insulin deficiency
[American Diabetes Association (ADA, 2013]. It usually afflicts children and patients require
insulin to sustain life. It is characterized by ketoacidosis [Ministries of Health (MOH, 2009].

Type 2 diabetes mellitus (T2DM) occurs due to a progressive insulin secretory defect on the
background of insulin resistance (ADA, 2013). It mainly affects adults, majority of whom
are obese, with elevated blood pressure (BP). Patients with T2DM may also present with
ketoacidosis in stressful conditions or following poor adherence to therapy (ADA, 2013;
MOH, 2009). Less common types of DM include gestational diabetes mellitus (GDM)
diagnosed during pregnancy that is not overt disease (ADA, 2013). It occurs in approximately
1-5 % of pregnancies (MOH, 2009). Other specific types of diabetes occur due to other
causes such as genetic defects in -cell activity or insulin action or those due to drug or
chemical induced causes (ADA, 2013).

The World Health Organization (WHO) estimates that the global prevalence of diabetes in
2008 was 10 % in adults aged 25 years and above (WHO, 2010). More than 371 million
people have diabetes worldwide (IDF, 2009) and each year, 3.2 million people globally die
from complications of diabetes (Puepet et al, 2009).

In Africa, 12.1 million people in the age group 20-79 years had diabetes in 2010. This
number is expected to rise to 23.9 million in 2030 (IDF, 2009). In Kenya, where type 2
diabetes is the most prevalent, comparative prevalence of diabetes in the age group 20-79
years was estimated to be 3.5 % in 2010 (IDF, 2009). The Ministry of Health estimates that
by 2008, 1.2 million Kenyans were living with diabetes. This number is expected to rise to
1.5 million by the year 2025 (Mc Ferran, 2008).

In management of type 2 diabetes, quality prescribing is recommended since it results in

greater improvement in glycaemic control, blood pressure and lipid management. Prescribing



quality indicators, quality indicators and criteria have been developed to monitor quality of
prescribing in type 2 diabetes mellitus.

1.2 Problem statement

The burden of diabetes continues to rise globally and it has become one of the maor causes
of premature death, mainly through increased risk of CVD. Much of the morbidity associated
with long term microvascular and neuropathic complications of diabetes can be greatly
reduced by interventions that achieve glucose levels close to non-diabetic range (ADA,
2013). Pharmacological management in most practices fails to achieve and maintain
glycaemic levels that improve quality of lifein T2DM patients (ADA, 2013). Elderly patients
are particularly at risk of mortality, experiencing drug-drug interactions, adverse drug
reactions and poor treatment outcomes (Steinman et al, 2006). T2DM is associated with

numerous co-morbidities, which pose challenges in pharmacotherapy

Good quality prescribing for any disease condition entails compliance to treatment
guidelines, correct dosing and awareness of potential inappropriate medicines use and drug-
drug interactions, among other factors. In most practices however, there has been over-
reliance on registration of measurements and clinical outcomes in T2DM management as
existing performance indicators to assess quality of care, and not quality of prescribing
(Martirosyan et al, 2008). In T2DM, considerable evidence exists to support the benefits of
appropriate blood pressure control, lipid-lowering therapy, angiotensin converting enzyme
inhibitors (ACEI) and antiplatelet drugs. These approaches reduce cardiovascular and
microvascular complications in patients with diabetes (Martirosyan et al, 2008). Despite the
well documented benefits of blood pressure lowering, rates of detection and control of
hypertension have been sub-optimal (Patel and Mehta, 2013).

1.3 Justification of the study

Diabetes mellitus is a highly prevalent independent risk factor for CVD. CVD are the mgor
causes of morbidity and mortality in patients with T2DM. They are also the largest
contributor to the direct and indirect costs associated with diabetes management (ADA,
2013). Hypertension and dyslipidaemia are the two conditions that commonly co-exist with
T2DM. Numerous studies have demonstrated the efficacy of controlling individual risk
factors in preventing or slowing development of complications in individuals with T2DM
(ADA, 2013).



Lifestyle management is advocated globally as the cornerstone approach in preventing or
managing T2DM, hypertension and dyslipidaemia. However, this intervention has been
shown to fail in most patients. It has to be eventually supplemented by pharmacological
management, which remains the major approach of managing T2DM, its co-morbidities and
complications (Nathan et al, 2009); IDF, 2012; ADA, 2013). Severa studies have shown
benefits of quality prescribing in significantly reducing sequelae associated with T2DM and
its complications. Despite this, there are still numerous gaps. Failure to use guidelines, wrong
drug choice, under prescribing, over prescribing, incorrect dosing, inappropriate use of
medicines and failure to recognize major potential drug interactions are some of the setbacks
(Steinman et al, 2006).

In Kenya, clinical guidelines developed in 2009 by the Ministry of Health do not provide a
comprehensive approach in management of T2DM and its co-morbidities. In settings where
such guidelines are in use, quality of prescribing may be compromised. It is therefore
expected that findings from this study will greatly benefit all health professionals in this
setting and Kenya in general. The study also provides a baseline for larger studies. Results
from such studies will provide a framework for policy makers at the Ministry of Health to
formulate strategies that promote pharmacotherapy outcomes in diabetes in particular and
other chronic diseases in general. Such strategies may include review of current guidelines to
reflect the comprehensive approach necessary for management of diabetes. Overal,
implementation of such strategies will greatly benefit patients through improved quality of
life.

1.4 Resear ch question

The research question that this study sought to answer was; what is the quality of prescribing
in management of hyperglycemia and cardiovascular risk in T2DM at Webuye District
Hospital?

1.5 Study objectives
1.5.1 Main objective

The main objective of the study was to investigate quality of prescribing in type 2 diabetes
mellitus (T2DM) ambulatory care at Webuye District Hospital.



1.5.2 Specific objectives

The specific objectives of this study were:

1

To determine quality of prescribing using prescribing quality indicators for
management of hyperglycemiain T2DM patients.

To determine quality of prescribing using prescribing quality indicators for
cardiovascular risk management in T2DM patients.

To identify potential inappropriate medicine use and potential drug-drug interactions
in T2DM management.

To identify factors that influence choice of drugs in management of hyperglycemia

and cardiovascular risk in T2DM patients.



CHAPTER TWO: LITERATURE REVIEW
Diabetes méllitus is an important public health challenge in both economically developing

and developed countries. It is now the most common non-communicable disease globally, yet
half of the people affected are unaware of their status (IDF, 2012). It is often diagnosed when
complication are present (Madonna and Peizhong, 2013).

2.1 Criteriafor diagnosis of diabetes
The World Health Organization (WHO) has developed criteria for diagnosis of diabetes

which has been adopted by other associations, federations and countries, including Kenya.
Diabetes is diagnosed if glycated haemoglobin (HbA1c) level is greater or equal to 6.5 % or
when fasting plasma glucose (FPG) is greater or equal to 7.0 millimol per litre (mmol/L). It
can aso be diagnosed if 2 hour-plasma glucose is greater or equal to 11.1 mmol/L during an
oral glucose tolerance test (OGTT). In patients with classic symptoms of hyperglycaemia, it
is diagnosed if random plasma glucose (RPG) is greater or equal to 11.1mmol/L (WHO,
2006; WHO, 2011; IDF, 2012; ADA, 2013).

2.2 Risk factorsfor type 2 diabetes mellitus

It is recommended that testing should be considered in adults of any age with a body mass
index (BMI) greater or equal to 25 kg/m? and one or more of the risk factors for diabetes.
Risk factors include physical inactivity/sedentary lifestyle, family history of diabetes,
hypertension, high risk race or ethnicity, severe obesity and history of cardiovascular disease
(CVvD). They aso include women with previous history of GDM or with polycystic ovarian
syndrome, HbA1c greater or equal to 5.7 %, impaired glucose tolerance or impaired fasting
glucose on previous testing (ADA, 2013).

2.3 Management of type 2 diabetes mellitus

There is considerable evidence that support benefits of improved blood glucose, blood
pressure and blood lipid control in T2DM. Lifestyle management only provides target
glucose levelsin aminority of individuals with diabetes and for alimited period of time post-
diagnosis. Supplementary pharmacological measures are eventually necessary (IDF, 2012).
There is a wide range of pharmacologica agents available for management of
hyperglycaemia and cardiovascular risk in T2DM patients. However, availability and access
of these treatment options is limited in many middle and low income countries. Even when

available, they may be prescribed inappropriately (IDF, 2012).



Numerous guidelines provide evidence-based guidance on different approaches in which
glucose lowering agents can be used alone or in combination. Adhering to evidence-based
national treatment algorithms can improve quality of life and reduce morbidity and mortality
associated with T2DM complications. Several studies have however shown that prescribing
practices vary considerably (IDF, 2012).

Good glycaemic control remains the cornerstone of managing T2DM and plays a crucia role
in preventing or delaying the onset and progression of diabetic complications (Bailey et al,
2013). Many guidelines recommend that people with diabetes should maintain HbA1c below
7.0 % as this is an effective way of minimizing the risk of developing microvascular and

neuropathic complications (Nathan et al, 2009).

Various randomized clinical trials (RCT) have demonstrated the importance of intensive
glucose control in minimizing complications in T2DM. The United Kingdom prospective
diabetes study [(UKPDS, 1998] reported that a median HbAlc of 7.0 % was achieved in
newly diagnosed T2DM in the intensively treated arm. It also demonstrated benefits of
intensive glycaemic control in reducing rates of microvascular complications in these patients
(Madonna and Peizhong, 2013; Bailey et al, 2013). The Kumamoto study reported HbA1c
levels of 7.1 % in the intensively treated patients compared to 9.4 % in conventionally treated
patients (Ohkubo et al, 1995). Additionally, the Action to control cardiovascular risk in
diabetes [(ACCORD, 2008)] study group reported 6.4 % and 7.5 % respectively in the
intensively treated and conventionally treated patients.

Lifestyle management is recommended as the initial intervention in T2DM management as it
is beneficial in controlling hyperglycaemia (Nathan et al, 2009). It aims at increasing
physical activity, weight reduction (in overweight patients) and smoking cessation. However,
itisonly effective in aminority of patients and high rates of weight regain limit its role (IDF,
2012; Nathan et al, 2009). Accordingly, supplementary pharmaceutical interventions are
needed to achieve target blood glucose levels (IDF, 2012).

2.3.1. Medicinesused in glucose control therapy

Many classes of glucose lowering drugs are now available, increasing treatment options from
which choices can be made. This has left practitioners and diabetic patients with uncertainty
regarding the most appropriate treatment option for treatment of T2DM (Nathan et al, 2009).
Systematic reviews comparing efficacy of medicines for T2DM, excluding apha (a)-

glucosidase inhibitors and insulin have been carried out. They have reported that most of the
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medicines are similarly efficacious when used as monotherapy, reducing HbA1c levels by 1
% (IDF, 2012). Classes of medicines used in pharmacological management of

hyperglycaemia include:

Biguanides: Metformin is the only biguanide available for clinical use. Its magjor effect is
decreasing hepatic glucose and lowering fasting glycaemia. Typicaly, metformin
monotherapy will lower HbA1c by approximately 1.5 percentage points (Nathan et al, 2009).
It is generally well tolerated, with most adverse effects being gastrointestinal. It is the drug of
choice when initiating glucose lowering therapy in T2DM. It is not associated with weight
gain and is recommended as part of the regimen in overweight T2DM patients (Nathan et al,
2009; IDF, 2012). Renal dysfunction is considered a contraindication of metformin since it
can, in extremely rare circumstances, increase the risk of lactic acidosis (Nathan et al, 2009;
Bailey et al, 2013). Studies comparing metformin monotherapy or in combination with
placebo or any other glucose-lowering therapy reported no cases of fatal or nonfatal lactic
acidosis in the metformin group (Salpeter et al, 2010).

Sulfonylureas: They lower glycaemia by enhancing insulin secretion. They possess efficacy
similar to metformin, lowering HbA 1c by approximately 1.5 percentage points (Nathan et al,
2009). Onset of glucose lowering effect of sulfonylurea monotherapy is relatively rapid when
compared with thiazolidinediones. However, maintenance of glycaemic targets over time is
not as effective as with thiazolidinedione or metformin therapy (Nathan et al, 2009). The
major adverse effect is an increased risk of hypoglycaemia, which, although rare, can be
prolonged and life threatening (Nathan et al, 2009; IDF, 2012). Severe episodes are relatively
frequent in the elderly. It is recommended that long acting first generation sulfonylureas such
as chlorpropamide and glibenclamide should be avoided in these patients [American
Geriatrics Society (AGS, 2012]. Alternatives for this category of patients are second
generation sulfonylureas that include glimepiride, glipizide and gliclazide. Weight gain of
approximately 2.0 kg is common following initiation of sulfonylurea therapy (Nathan et al,
2009). Meta-analysis and systematic review of observational studies comparing sulfonylurea
monotherapy or in combination demonstrated a higher all-cause and cardiovascular mortality

in patients on sulfonylurea compared to any non-sulfonylurea treatment (Forst et al, 2013).

Glinides or meglitinides: They have the same mode of action as the sulfonylureas, although
they bind to a different site within the receptor. They are administered more frequently due to
a shorter circulating half-life. They lower HbAlc by approximately 0.5 to 1.5 percentage



points. They may cause an increase or decrease in body weight (Bailey et al, 2013).
Repaglinide is almost as effective as metformin or sulfonylureas, with asimilar risk of weight
gain as sulfonylureas. Hypoglycaemia is however lower in frequency when compared to
sulfonylureas (Nathan et al, 2009).

Alpha-glucosidase inhibitors (a-Gl): These act by reducing the rate of polysaccharide
digestion and absorption in the proximal small intestines, thereby decreasing post-prandial
glucose levels without resulting in hypoglycaemia. Examples include acarbose and miglitol
which are | ess effective than metformin, reducing HbA 1c levels by 0.5-0.8 percentage points.
They are associated with increased flatulence and gastrointestinal symptoms, which may
affect adherence to treatment. Studies have estimated that 25-45 % of patients discontinue use
of these drugs due to side effects (Nathan et al, 2009). A systematic review reported that
doses of acarbose of more than 50 mg thrice daily did not offer any additional effect on
HbA1c but was associated with more adverse effects. When compared to sulfonylureas, a-Gl
had an inferior profile regarding glucose control and adverse effects (Van der Laar et al,
2005).

Thiazolidinediones or glitazones: These act by increasing the sensitivity of muscle, fat and
liver to both endogenous and exogenous insulin. These drugs cause a reduction of 0.5-1.4
percentage points in HbAlc levels when used as monotherapy and appear to have a more
durable effect on glycaemic control when compared to sulfonylureas (Nathan et al, 2009).
Pioglitazone monotherapy can be considered as an aternative to metformin monotherapy
where the latter is not tolerated or contraindicated. It has a unique insulin sensitizing action,
and can be combined with metformin or as triple therapy to achieve target HbA1c levels. In
triple therapy, it is recommended that agents with complementary modes of action are used
(Schernthaner, Currie and Schernthaner, 2013).

Adverse effects of pioglitazone include weight gain, congestive heart failure (CHF), bone
fractures and macular edema (Schernthaner, Currie and Schernthaner, 2013). Several meta-
analyses have suggested a 30-40 % increase in myocardial infarction (M) with rosiglitazone
(Nathan et al, 2009). Clinical use of pioglitazone is currently restricted globally because of
safety issues and availability of newer and safer agents (Khaled and Heinrich, 2012).
However, it is still useful in insulin resistant patients and those with a history of CVD
(Schernthaner, Currie and Schernthaner, 2013).



Insulin: Insulin is the oldest of all currently available medicines for management of diabetes
and the most effective at lowering glycaemia. When appropriately administered in adequate
doses, it can lower any level of elevated glucose to therapeutic goals (Nathan et al, 2009).
The natural history of T2DM is of progression of beta () cell failure hence insulin remains
the only glucose lowering therapy capable of maintaining glycaemia despite such progression
(IDF, 2012). It also has a beneficial effect on triacylglycerol and high density lipoprotein
(HDL) cholesterol levels, especially in patients with poor glycaemic control. However, it is
associated with hypoglycaemia and weight gain of approximately 2-4 kg on initiation of
therapy (Nathan et al, 2009).

The mode of action of injected insulin is similar to endogenous insulin in lowering blood
glucose levels. Various types of insulin differ in several ways including source and/or onset
and duration of action [Drug information online (DI, 2013]. Based on onset, peak and
duration of time, insulin can be classified into rapid acting insulin (insulin lispro and insulin
aspart), short acting (insulin regular or soluble insulin), long acting insulin (includes insulin

zinc extended) and very long acting insulin (insulin glargine and insulin detemir) (DI, 2013).

Premixed or biphasic insulin: This refers to a mixture of two types of insulin in one vial. In
most cases, one insulin type is rapid or short acting while the other type has a longer duration
of action. Examples of premixed insulin include insulin isophane/insulin regular (Humulin®
50/50, Humulin® 70/30 and Novolin® 70/30) (DI, 2013). A systematic review demonstrated
that bedtime human isophane insulin in combination with oral metformin provides
comparable glycaemic control with insulin monotherapy and is associated with less weight
gain (Goudswaard et al, 2004). Another systematic review has suggested a clinical benefit of
treating patients with T2DM with long acting insulin analogues, but with caution (Horvath et
al, 2009).

Glucagon-like peptide-1 agonists (GLP-1): These act by increasing insulin secretion,
potentiating nutrient-stimulated insulin secretion and decreasing glucagon. They decrease
HbAlc by approximately 0.5 to 2.0 percentage points (Bailey et al, 2013). They are not
associated with weight gain and have indirect association with weight loss, especially in early
stages of the disease (Freeman, 2011). For example, exenatide is associated with weight loss
of 2-3 kg in the first six months of therapy. They are not associated with hypoglycaemia
when used as monotherapy but can cause a relatively high frequency of gastrointestinal
disturbances (Nathan et al, 2009). A meta-analysis has reported that GLP-1 agonists are



effective in reducing HbAlc and post-prandial glucose in patients not responding to
metformin and sulfonylureas. Studies al'so demonstrated similar efficacy to insulin (Monami,

Marchionni and Mannucci, 2009).

Dipeptidyl peptidase-4 (DPP-4) inhibitors: These drugs enhance the effect of GLP-1 and
glucose dependent insulinotropic peptide (GIP), thereby increasing glucose mediated insulin
secretion and suppressing glucagon secretion. Examples in this class include sitagliptin and
vidagliptin. They lower HbA1c levels by 0.6-0.9 percentage points and are relatively well
tolerated. They do not cause hypoglycaemia when used as monotherapy (Nathan et al, 2009).
Studies have reported that sitagliptin 100 mg per day was generally well tolerated (Engel et
al, 2013) and that DPP-4 inhibitors had some theoretical advantages over existing ora
therapies when individualized to patients (Richter et al, 2008).

2.3.2 Treatment algorithm in 2 diabetes mellitus

The aim of pharmacological therapy is to achieve and sustain HbA1c below 7.0 % and to
allow change of interventions at a rapid pace as titration of drugs permits when target
glycemic goals are not being achieved (Nathan et al, 2009). Oral glucose lowering treatment
is recommended when lifestyle interventions alone fail to maintain target glucose levels in
new onset T2DM. However, the latter remain anchored as the underlying theme in
management of T2DM (IDF, 2012). Monotherapy may be effective in a good number of
patients but with time, the progressive nature of T2DM requires combination therapy (Nathan
et al, 2009).

A patient centred approach is recommended in guiding choice of pharmacological agents.
Factors to be considered include efficacy, cost, co-morbidities, potential side effects, risk of
hypoglycaemia and patient preferences (ADA, 2013). Figure 2.1summarizes the steps in the
treatment algorithm for type 2 diabetes mellitus. These steps include:

Step 1: First line therapy: The consensus statement of the ADA and the European
Association for the Study of Diabetes (EASD), recommends that metformin is initiated
concurrently with lifestyle interventions at diagnosis since the latter fail in maority of
patients (Nathan et al, 2009). The IDF aso recommends metformin as first line, unless
specifically contraindicated, such as in renal impairment. The dose should be titrated to its
maximally effective dose within 1-2 months to minimise discontinuation due to

gastrointestinal intolerance. Rapid addition of other glucose lowering medicines such as
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sulfonylureas should be considered where glucose levels are persistently high (Nathan et al,
2009; IDF, 2012).

Lifestyle measures

Then, at each step, if not to target (generally HbA, 7.0%)

Consider first line

Sulfanylurea
Matformin or
a- Glucosidase inhibitor

Consider second line

" —— - Glucosidase inhibiter or
Sulfonylurea {if ot first Gnel E_hl’:;—::‘;;r:i::!:il;::

Consider third line
Basal insulin 0- Glucosidase inhibitor or
or v DPP-4 inhibitor or or GLP-1 agonist
Pre-mix insulin Thiazolidinedione

Consider fourth line
Basal + Basal insulin, or . = usual approach

meal-time g Pre-mix insulin ;
insulin |later basal + meal-time) . = alternative approach

Figure 2.1 Treatment algorithm in type 2 diabetes mellitus (Source: IDF, 2012).

A systematic review recommended metformin as the first therapeutic agent of choice in
T2DM patients who are overweight or obese, as it may prevent some vascular complications
and mortality. Metformin was aso shown to produce beneficial changes in glycaemia control,
and moderated in weight, lipids, insulinaemia and diastolic blood pressure (Saenz et al,
2013).

Step 2: Second line therapy: If lifestyle interventions and maximum tolerated dose of
metformin (up to 1 g twice daily) fail to achieve or sustain glycemic goals, it is recommended
that a second oral glucose lowering agent is added within 2-3 months, or at any other time
when target HbA 1c is not achieved (Nathan et al, 2009). IDF (2012) recommends addition of
a sulfonylurea agent. Alternatively, metformin (if not used as first line), or a-Gl, or DPP-4
inhibitor, or rapid acting insulin secretagogue is recommended as an aternative to
sulfonylureas (IDF, 2012). On the other hand, ADA and EASD recommend that HbA1c level

will determine which agent between sulfonylurea and insulin is added, with basal
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(intermediate or long acting) insulin being preferred if the HbAlc level is more than 8.5 %.
However, many newly diagnosed T2DM patients will respond well to oral medicines (Nathan
et al, 2009).

Step 3: Third line therapy: If lifestyle interventions, metformin, basal insulin or
sulfonylurea do not achieve target levels, the next step involves starting or intensifying
insulin therapy (Nathan et al, 2009). The IDF (2012) also recommends using basal insulin as
a third agent (if not used aready) or a third oral agent from among the following; a DPP-4
Inhibitor, a-Gl or a thiazolidinedione. ADA and EASD recommend that a third oral agent
can be considered if HbA1c is close to the target level of less than 8.0 %, although thisis not
as effective and less costly as intensifying insulin therapy (Nathan et al, 2009). Insulin
intensification involves additional injections that may include short or rapid acting
preparations administered after selected meals to prevent post-prandial glycaemia. It has been

shown to improve metabolic and clinical outcomes (IDF, 2012).

ADA and EASD recommend that when insulin therapy is initiated, insulin secretagogues
(sulfonylureas and glinides) should be discontinued or tapered off then discontinued since
their physiological action is not synergistic (Nathan et al, 2009). Generally, glucose level
lowering agents with different modes of action will have the greatest synergy in combination
therapy. Combination therapy decreases HbA1lc more than monotherapy by about 1
percentage point. As an example, insulin and metformin is an effective combination in

lowering glycaemiawhile limiting weight gain (Nathan et al, 2009).

2.4 Co-morbidities and complications of diabetes

Type 2 diabetes, which accounts for 90 % of all diabetes, has become one of the major causes
of premature death, mainly through increased risk of CVD, responsible for up to 80 % of
such deaths (Puepet et al, 2009; Madonna and Peizhong, 2013; ADA, 2013). Type 2 diabetes
has a long asymptomatic preclinical phase which frequently goes undetected. Co-morbidities
and complications are often present at the time of diagnosis (MOH, 2009; IDF, 2012). Co-
morbidities of T2DM include CVD [such as hypertension, coronary artery disease (CAD),
peripheral artery diseases (PAD), microvascular and macrovascular diseases|, myocardial
infarction (MI) and cerebrovascular accidents (CVA) or stroke (Madonna and Peizhong,
2013). Epidemiological evidence that CVD is the major cause of mortality in people with
T2DM is extensively available (IDF, 2012). Hypertension and dyslipidaemia commonly co-
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exist with T2DM and are risk factors for CVD, while diabetes itself is an independent risk
factor for CVD (ADA, 2013).

Complications of T2DM include microvascular diseases (retinopathy, neuropathy and
nephropathy), diabetic foot and lower limb amputations. It is estimated that lower limb
amputations are 10 times more common in people with diabetes than in those without, while
in certain age groups, those with diabetes have a 2-fold increase in the risk of CVA (WHO,
2010). Diabetic nephropathy occurs in 20-40 % of patients with diabetes and is the single
leading cause of end stage renal disease (ADA, 2013). These co-morbidities and

complications pose challenges in maintaining quality of care in diabetic patients.

2.4.1 Management of hypertension in type 2 diabetes mellitus

Hypertension affects approximately 20-60 % of patients with diabetes, depending on obesity,
ethnicity and age. In T2DM, elevated blood pressure is often part of the metabolic syndrome
of insulin resistance, including central obesity and lipid abnormalities (Patel and Mehta,
2013). For patients with blood pressure (BP) above 140/80 mmHg, prompt initiation of
pharmacological therapy is recommended, in addition to lifestyle management. Many
guidelines recommend that pharmacological therapy for patients with diabetes and
hypertension should be a regimen that includes either an angiotensin converting enzyme
inhibitor (ACEI) or an angiotensin receptor blocker (ARB). The two may offer some
advantages over other agents for the initial or early therapy of hypertension as shown by
several studies (IDF, 2012; ADA, 2013).

Angiotensin converting enzyme inhibitors are promoted as first line agents for hypertension
in diabetic patients since they appear to have action over and above blood pressure lowering
alone (Patel and Mehta, 2013). Results from several randomized clinical trials suggest that
ACEI reduce loss of kidney function in individuals with diabetic nephropathy, above and
beyond any such effect attributable to BP lowering (Barnett et al, 2004). They are also not
thought to adversely affect glucose levels (Patel and Mehta, 2013). A systematic review
assessing benefits and harms of BP lowering agents concluded that ACEI prevent new onset
diabetic kidney disease and death in normoal buminuric people with diabetes (Lv et al, 2012).

Alternatives to ACEI are ARB such as losartan, telmisartan, irbesartan and valsartan. They
have been shown to be clinically equivalent in patients with clinical conditions that place
them at a high risk of cardiovascular events, such as diabetes and hypertension (Barnett et al,

2004). Generally, multiple drug therapy is required to achieve BP targets. When targets are
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not reached on maxima doses of ACElI or ARB, it is recommended that other
pharmacological agents from other classes are added (IDF, 2012; ADA, 2013). Preferred
combinations include ACEI + calcium channel blocker (CCB) or ACEI + low dose thiazide
(IDF, 2012). Based on current evidence, it is recommended that hypertension be managed
using monotherapy with ACEI or ARB, with addition of CCB or low dose thiazide (or
thiazide-like) diuretic if monotherapy fails to control BP adequately (IDF, 2012). The choice
of antihypertensive agent to be used should not only aim at controlling hypertension but also
on preventing or delaying the development of complications (Patel and Mehta, 2013).

2.4.2 Management of dyslipidaemia

For most diabetic patients, the preferred strategy of dyslipidaemia pharmacological therapy is
to lower low density lipoproteins (LDL) level to less than 100 milligram per decilitre (mg/dL)
using statins (ADA, 2013). Strong evidence exigts that statins reduce the risk of death or
CVD events irrespective of age and gender and across a wide range of cholesterol levels
(IDF, 2012). IDF (2012) and ADA (2013) recommend that statin therapy should be added to
lifestyle modification measures regardless of baseline lipid levels for diabetic patients with
overt CvD. Those without CVD who are more than 40 years and have one or more CVD risk
factors, family history, hypertension, smoking, dyslipidaemia or albuminuria are also eligible
for statin therapy. For low risk patients (without CVD and less than 40 years), statin therapy
should be considered if LDL cholesterol remains above 100mg/dl or in those with multiple
risk factors (ADA, 2013).

Generally, statin therapy is indicated for T2DM patients with high cardiovascular risk who
include women aged above 60 years and men aged above 50 years and/or those with duration
of diabetes greater or equal to 10 years and/or those with uncontrolled hypertension and/or
those with abuminuria and/or those with HbA 1c above 7 % (Martirosyan et al, 2008). Statin
combination therapy has been shown to offer no additional cardiovascular benefit and should
be avoided (ADA, 2013). Fenofibrate may be considered as an additional agent where serum
triglyceride levels are above 200 mg/dl and high density lipoprotein (HDL) cholesterol levels
are low (IDF, 2012). However, such a combination is associated with an increased risk for

abnormal transaminase levels, myositis or rhabdomyolysis (ADA, 2013).

2.4.3 Antiplatelet treatment
The American Diabetes Association (2013) recommends use of aspirin/acetyl salicylic acid
(ASA) as a primary prevention strategy in patients with diabetes and at increased CVD risk

(20 year risk above 10 %). These include most men above 50 years or women above 60 years
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who have at least one additional major risk factor; family history of CVD, hypertension,
smoking, dyslipidaemia or abuminuria. In diabetic patients with established CVD, the
benefit of long term ASA use in reducing the risk of MI, cardiovascular accident and vascular
death is well established (IDF, 2012). Aspirin is not recommended for patients who do not
meet the above criteria (10 year CVD risk less than 5%) because of potential bleeding
adverse effect (ADA, 2013). As a secondary prevention strategy, ASA (75-162 mg daily) is
recommended in all diabetic patients with a history of CVD. It has been shown to be effective
in reducing cardiovascular morbidity and mortality in high risk patients with previous M| and
stroke. Clopidrogel (75 mg daily) is an aternative in patients with established aspirin alergy
(IDF, 2012; ADA, 2013).

2.5 Prescribing quality indicatorsin type 2 diabetes ambulatory care

Martirosyan et al (2010) define a prescribing indicator as “a measurable element of
prescribing that can be used to assess quality or efficiency of treatment at patient or health
provider level”. Alternatively, a prescribing quality indicator (PQI) is defined as a
“measurable element of prescribing for which there is evidence or consensus that it can be
used to assess the quality of care that is provided” (EuroDURG Quality Indicator Meeting
2004). For reliable measurement of prescribing quality, valid indicators are required
(Martirosyan et al, 2010).

Martirosyan et al (2008) carried out a study to develop and validate a set of PQI for internal
use in T2DM management, and assess their operational validity. They considered potentia
PQI for pharmacological management of hypertension, hyperglycemia, dyslipidaemia and
antiplatelet treatment in T2DM based on clinical guidelines. The PQI were assessed on face
and content validity. Operational validity of these indicators was assessed using a dataset of
3214 patients registered by 70 general practitioners.

Out of 31 indicators, 14 remained face and content valid. When tested for operational
validity, one indicator focusing on percentage of T2DM patients aged 40 years and below
with a history of CVD prescribed a statin could not be calculated because of absence of
eligible patients. For the final 13 indicators, outcomes varied from 10 % for timely
prescribing of insulin to 96 % for prescribing of any glucose lowering medicine for patients
with elevated HbA1c levels (Martirosyan et al, 2008). These results demonstrated that there
were deficiencies in timely intensification of antihyperglycaemic therapy characterized by
delaysin initiating insulin therapy for deserving T2DM patients. There were also deficiencies
regarding prescribing of statins, acetyl-salicylic acid and timely intensification of
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antihypertensive treatment. However, nearly all patients with elevated HbAlc levels were
receiving glucose lowering therapy (Martirosyan et al, 2008). The 13 PQI are all process
indicators [Australian National Prescribing Service (ANPS, 2009)] and focus on

undertreatment and choice of drugs.

2.6 Quality indicatorsfor the care of type 2 diabetes mellitusin elderly patients

Type 2 diabetes mellitusis an important health condition for the aging population. Prevalence
of diabetes rises sharply with age, with prevalence estimates varying from 10-20 % for
persons aged 60 years and older, nearly all of whom have T2DM (Shekelle and Vijan, 2007).
It is recommended that daily acetyl salicylic acid should be prescribed in elderly T2DM
patients not receiving any anticoagulant or antiplatelet drug. This may reduce the risk of Ml
and mortality from CVD (Shekelle and Vijan, 2007).

According to the American Geriatrics Society (AGS), medication-related problems are
common, costly, and often preventable in older adults and lead to poor outcomes. Avoiding
the use of inappropriate and high-risk medicines is an important, simple, and effective
strategy in reducing medication-related problems and adverse drug effects in older adults
(AGS, 2012).The updated Beers criteria (2012) deal with potentially inappropriate medicine
use in older adults. For T2DM, the criteria recommend that long acting sulfonylureas such as
chlorpropamide and glibenclamide should be avoided in older adults. The rationale behind
this is that chlorpropamide has a prolonged half-life and can therefore result in prolonged
hypoglycemia. On the other hand, glibenclamide is associated with greater risk of severe
prolonged hypoglycemiain older adults (AGS, 2012). Shorter acting agents such as glipizide
and gliclazide are more suitable in this category of patients (Abdelhafiz and Sinclair, 2013).

2.7 Potential drug interactionsin type 2 diabetes mellitus
Drug interactions occur when the effect of a particular drug is atered when taken
concomitantly with another drug, or with food. Drug-disease interactions also occur.

Examples of these interactions include the following:

Angiotensin converting enzyme inhibitors (ACEI) + Angiotensin receptor blockers
(ARB): Co-administration of an ACEI with an ARB may increase the risk of hyperkalemia,
hypotension and renal dysfunction due to additive or synergistic effects on the renin-

angiotensin system (DI, 2013).

ACEI /ARB + Potassium-sparing diuretics: Concomitant use of ACEl or ARB together

with a potassium-sparing diuretic such as spironolactone may increase the risk of
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hyperkalemia. ACE or Angiotensin Il inhibition results in decreased aldosterone secretion,
which may lead to an increase in serum potassium that may be additive to that induced by
potassium-sparing diuretics. This interaction may be mild in most patients with normal renal
function. However, life-threatening and fatal hyperkalemia have been reported to occur
within days to weeks of receiving the combination in patients with risk factors such as renal
impairment, diabetes, old age and in severe or worsening congestive heart failure. It may also
occur due to drugs that increase serum potassium such as potassium supplements (DI, 2013).
A retrospective study demonstrated that the addition of candesartan to standard medical
therapy for heart failure was associated with a 2-3 fold increase in the risk of hyperkalemia,

which was further amplified by co-administration with spironolactone or ACEI (DI, 2013).

ACEI/ARB + thiazides + Non-steroidal anti-inflammatory drugs (NSAID): Aspirin, an
NSAID, at adose of lessthan 150 mg per day, is recommended for antiplatelet treatment for
primary or secondary prevention of CVD in eligible T2DM patients. All other NSAIDs,
including cyclo-oxygenase |l selective inhibitors, should be avoided if possible in T2DM
patients. Combination of NSAID + thiazides + ACEI/ARB has been implicated in a
significant number of reports of drug-induced renal failure. Extreme caution should be taken
with ACEI and NSAID in patients with renal impairment (ANPS, 2009).

Verapamil + [B-blockers: When calcium channel blockers, especially verapamil and
diltiazem, are used concomitantly with B-blockers, additive reductions in heart rate, cardiac
conduction, and cardiac contractility may occur. While this combination may be useful and
effective in some scenarios, potentially serious cardiovascular adverse effects such as
congestive heart failure (CHF), severe hypotension, and/or exacerbation of angina have been
reported to occur. Verapamil and diltiazem may also decrease the clearance of some [-
blockers (DI, 2013).

Glitazones + congestive heart failure: Congestive heart failure appears to be a class-specific
adverse effect with respect to glitazones. Studies suggest that either rosiglitazone or
pioglitazone can exacerbate heart failure. A meta-analysis demonstrated that pioglitazone was
associated with increased heart failure without an associated increase in mortality rates
(Khaled and Heinrich, 2012).
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CHAPTER THREE: METHODOLOGY
3.1 Study design
This was a retrospective review of T2DM patient medical records at Webuye District
Hospital, western Kenya. Records of patients with T2DM meeting the inclusion criteria who
attended the diabetic medical outpatient clinic (MOPC) at Webuye District Hospital during
the study period 1% January to 31% December 2013 were used for this study.

3.2 Study setting

Webuye District Hospital is a high volume, 217-bed hospital situated in Webuye town,
Bungoma County, western Kenya (location map in Appendix B). It began its operations in
1991 and its immediate catchment is about 500000 people. It serves as a referral centre for
the county and surrounding counties that include Kakamega, Busia, Uasin Gishu and Tranz
Nzoia. On average, it attends to 200-300 outpatients daily, with bed occupancy of about 150
%. It is aso atraining centre for many colleges and universities, including Webuye Medical

Training College and Moi University.

It has specialized outpatient clinics that include MOPC, gynaecology outpatient clinic
(GOPC), surgical outpatient clinic (SOPC), paediatric outpatient clinic (POPC), chest/skin
clinic, mental health clinic; ear, nose and throat (ENT), ophthalmology and dental units. It
also boasts of a specialized diabetic clinic that supports diabetic patients to access medicines
and investigations such as HbA 1c tests, among other benefits.

3.3 Inclusion and exclusion criteria

All patients with a confirmed diagnosis of T2DM who visited the diabetic clinic in the year
2013 were eligible for inclusion. Patients who were excluded were those with T2DM who
did not visit the clinic at least once in the first half of 2013 (with the exception of newly
diagnosed patients), those with type 1 DM and/or those who were admitted in the wards.

3.4 Ethical considerations

Approval to carry out this study was granted by the Kenyatta National Hospital/University of
Nairobi Ethics and Research committee (KNH/UON ERC) on 4™ April 2014, Reference:
KNH-ERC/A/86 as outlined in Appendix C. Exemption from obtaining informed consent
from study participants was also granted by the ethics committee as the study did not involve
direct contact with patients or prescribers. Information from patient files was held in strict

confidence. Record numbers rather than patient names were used on data collection forms.
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Only those details relevant to the study were extracted and the records promptly returned
after the desired information had been obtained.

Patients were not exposed to any risk or hazard since the study only involved their records
which were not altered in any way. Patients attended to in 2013 were not expected to benefit
directly from this study. However, those treated subsequently and future patients may benefit

from improved care as aresult of recommendations from this study.

3.5 Sample size
Since the design was retrospective descriptive with dichotomous /categorical outcomes, the

sample size was estimated using Fisher’s formula:

n = ZZ X PP

Where;

n = Estimated sample size

P = Prevalence or proportion

d = Error margin (set at 5 %)

z = Value corresponding to 95 % Confidence Interval (1.96).
Martirosyan et al (2008), on testing operational validity of 14 face and content valid PQI of
type 2 diabetes ambulatory care, found that outcomes varied from 10 % for timely
prescribing of insulin to 96 % for prescribing any antihyperglycaemic medicine in patients
with elevated HbA 1c levels. Assuming an outcome variability average of 40 % in thisregion,
the estimated sample size was 369.

3.5.1 Sampling strategy

Sequential sampling was used. Since magjority of the indicators dealt with outcomes in the
second half of 2013, the attendance lists for patients attending the diabetic clinic between
01/07/2013 and 31/12/2013 was used to get file numbers for patients who were seen at the
hospital during this period. For July 2013, the first and last weeks were chosen, and file
numbers for all diabetic patients seen on the two clinic days were recorded. For August, the
second and third weeks were chosen, and this process was repeated for the remaining four
months. This selection was designed to give a representative sample throughout the year and

also within each month in case certain prescribers attended only on certain days or referred

19



certain patient groups to particular clinics. A total of 880 listed files were retrieved, perused

and the first 369 patient files that met the inclusion criteria were picked for use in the study.

3.6 Data collection methods
Data were collected using a data collection form that was designed, pre-tested and validated
for this purpose. Clinica information recorded in 369 T2DM patient medical recordsin 2013

was extracted.

3.7 Definition of variables, indicator s and assumptions

3.7.1 Predictor and outcome variables

Both continuous and categorical variables were considered during data collection and
analysis. Continuous variables included age, weight, HbA1c, SBP, BMI and duration of
diabetes. Categorical variables included sex, marital status, education, occupation, drugs
prescribed, co-morbidities, complications and outcomes for indicators. The drugs on the last
prescription in the patient medical record in 2013 were used for describing patterns of
prescribing. In the case of potential drug-drug interactions, all prescriptions in 2013 were
used. Co-morbidities considered included hypertension, obesity, other CVD and previous
CVD while complications included retinopathy, peripheral neuropathy, nephropathy and
diabetic foot.

In determining factors influencing prescription of specific drugs for hyperglycaemia and
cardiovascular risk, predictor variables considered included age, sex, hypertension, previous
CVD, other CVD, duration of diabetes, HbA1c, SBP and BMI. Outcome variables considered
were use of metformin, glibenclamide, insulin, enal april, losartan and/or acetyl salicylic acid.

3.7.2 Indicatorsand Beerscriteria

Twelve PQI (Martirosyan et al, 2008), one quality indicator [(QI) for the care of T2DM in the
elderly] and Beers criteria (AGS, 2012), defined in section 2.5 and 2.6, were adapted for use
in this study as summarized in Table 3.1. The inclusion criteria and outcome for each PQI
were defined as outlined in Appendix A. The QI applied in this study aimed to determine the
proportion of elderly T2DM patients prescribed daily acetyl salicylic acid for primary
prevention of CVD. The updated Beers criteria (2012) were applied in this study to identify
potentially inappropriate medicine use in elderly T2DM patients. Specifically, it was applied
to identify the proportion of elderly patients prescribed glibenclamide.
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Hypertension was defined as a diagnosis registered in the patient medical record and/or
average values of systolic blood pressure greater or equal to 140mmHg and/or based on drugs
prescribed. On the other hand, high cardiovascular risk was defined as T2DM women aged
above 60 years and men aged above 50 years old and/or with duration of diabetes greater or
equal to 10 years and/or with uncontrolled hypertension and/or with HbA1c above 7 %.
History of cardiovascular disease was defined as history of myocardia infarction, ischemic
heart disease and/or cerebrovascular accident as registered in the patient medical record.
Overweight patients were defined as those with BMI 25-29.9 kg/m? while patients aged 65
and above years were considered elderly. Additionally, T2DM patients whose duration of

diabetes was |less than a year were considered newly diagnosed.

3.7.3 Assumptions and cut-off points

For ease of data analysis, two assumptions were made. Firstly, all newly diagnosed T2DM
patients were assigned a duration of diabetes of 0.5 years. Secondly, HbA1c levels recorded
as greater than 14 % in patient medical records were assigned the level 14.1 %. Due to
limited accessible literature on similar studies, cut-off points for outcomes representing good
quality prescribing were set. For PQI and QI, a cut-off point for an outcome representing
good quality prescribing was set at minimum 70 %. For Beers criteria and potential drug-drug
interactions, a cut-off point for an outcome representing good quality prescribing was set at
not more than 5 %.

3.8 Data analysis

Data from completed data collection forms were coded numerically (where applicable) and
keyed into a computer database using Microsoft Office Excel 2007. Data analysis was then
carried out using Microsoft Office Excel 2007 and Stata® software version 10.1. There were

two levels of data analysis; descriptive and inferential analysis.
3.8.1 Descriptive analysis

Descriptive statistics applied included median (with inter-quartile range) and proportions.
These were applied in analysis of baseline characteristics, drugs, drug-drug interactions and
outcomes for the indicators and Beers criteria. For calculation of PQI outcomes, values of
SBP and HbA1c registered in the first half of 2013 and prescription data registered in the
second half of 2013 were used. This ensured that prescription occurred after observing
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elevated values of clinical measurements (Martirosyan et al, 2008). For BMI, the last value

registered in 2013 was used while data on albuminuria was not available.

Table 3.1 Summary of indicators and Beerscriteria

No

PQI description

1

Percentage of T2DM patients with hypertension or SBP greater or equal to 140 mmHg

and prescribed any antihypertensive drug.

2 | Percentage of T2DM patients prescribed a second antihypertensive drug from a different
class if SBP remained greater or equal to 140mmHg with first class antihypertensive
drug.

3 | Percentage of T2DM non-hypertensive patients with albuminuria prescribed ACE
inhibitor or ARB.

4 | Percentage of T2DM patients with hypertension and with albuminuria prescribed a
multiple drug regimen containing ACEI or ARB

5 | Percentage of T2DM patients with hypertension and history of ischemic heart disease or
MI prescribed {3-blocker.

6 | Percentage of prevalent T2DM patients with HbA 1c above 7 % and prescribed any oral
antihyperglycaemic agent or insulin

7 | Percentage of T2DM patients with prescription of one oral antihyperglycaemic drug and
not receiving insulin that are prescribed a second oral antihyperglycaemic drug from a
different classif HbA1c remained above 7.0 %.

8 | Percentage of T2DM patients with 2 oral antihyperglycaemic drugs and not receiving
insulin who are prescribed insulin if HbA 1c remained above 7.0 %

9 | Percentage of incident T2DM patients prescribed metformin as afirst choice drug

10 | Percentage of overweight prevalent T2DM patients prescribed a multiple drug regime
containing metformin

11 | Percentage of T2DM patients with high cardiovascular risk who are prescribed a statin

12 | Percentage of T2DM patients with history of cardiovascular disease prescribed acetyl
salicylic acid
Quality indicator for care of T2DM in elderly patients

13 | Percentage of elderly T2DM patients prescribed acetyl salicylic acid
Potential inappropriate medicine use in older adults (Beerscriteria 2012)

14 | Percentage of elderly T2DM patients prescribed along-acting sulfonylurea
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Additionally, the Shapiro-Wilk test for normal distribution was applied to test for normality

of continuous variables.
3.8.2 Inferential analysis

Inferential statistics applied included Pearson chi? test and multivariate logistic regression.
The p-value associated with Pearson chi? statistic was used to identify independent variables
that significantly influenced choice of specific drugs on bivariate analysis. Multivariate
logistic regression analysis reporting crude odds ratio (OR) as the test statistic was then
applied to ensure that statistical significance exhibited on bivariate analysis was not due to
confounding. Factors showing statistical significance on multivariate logistic regression
analysis were further analyzed to obtain adjusted OR (backward stepwise modelling
approach). Statistical significance was set at a p-value less than 0.05 in both bivariate and

multivariate analyses.
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CHAPTER FOUR: RESULTS

4.1 Study cohort

Out of atotal of 880 sequentially sampled medical records for T2DM patients that attended
the diabetic clinic in the second haf of 2013, the first 369 patients meeting the eligibility
criteriawere included in this study. Of these, 14.9 % were newly diagnosed patients.

4.2 Baseline characteristics of the study cohort
The study cohort consisted of 57.2 % females. The median age was 59 years. Mgjority of the
patients were married (90.8%), while the main occupation was farming (46.1%). The two

main levels of education were primary (36.0 %) and secondary (35.8%).

The median weight was 73 kg years while median duration of diabetes, systolic blood
pressure (SBP), body mass index (BMI) and glycated hemoglobin (HbA1c) was 4 years, 139
mmHg, 26.1 kg/m® and 8.2 % respectively. A total of 26.6 % patients had duration of
diabetes 10 years and above while 49.0 % and 75.6 % patients had SBP and HbA 1c greater or
equal to140 mmHg and 7 % respectively. The Shapiro-Wilk test for normal distribution
showed that age (p = 0.29) was normally distributed while weight, duration of diabetes, SBP,
HbA1c and BMI had skewed distribution. Further analysis showed that 81.1 % patients had
1-3 co-morbidities while 18.7 % patients had none. The main co-morbidity was hypertension,
affecting 70.5 % patients. Additionally, 40.7 % patients had 1-2 complications; with the main
complication being peripheral neuropathy, affecting 34.4 % patients. Table 4.1 summarizes
basdline characteristics of this study cohort.

4.3 Drugsfor hyperglycemia and cardiovascular risk management

4.3.1 Drugsfor hyperglycemia

Analysis of drugs showed that the three main drugs prescribed for hyperglycemia
management were metformin (84.9 %), glibenclamide (47.7 %) and insulin (32.0 %). The
main type of insulin prescribed was premixed insulin 70/30 for 29.5 % patients while neutral
protamine hagedom (NPH)/human isophane insulin was prescribed for only 2.5 % patients.
Prescription of pioglitazone, chlorpropamide and gliclazide were each done for less than 1 %

of the patients.
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Table 4.1 Basdline char acteristics of the study cohort

Variable Median (IQR) or n (%), N=369
Age (years) 59 (50-67)
Weight (kg) 73 (63-83)
Sex

Mae 211 (42.8)
Female 158 (57.2)
Marital status

Married 335 (90.8)
Single 19(5.2)
Divorced/separated 2(0.5)
Widowed 13(3.5)
Education

No formal education 31(8.4)
Primary 133(36.0)
Secondary 132(35.8)
College 61(16.5)
University 12(3.3)
Occupation

Unemployed 34(9.2)
Farmer 170(46.1)
Business 61(16.5)
Self-employed 30(8.1)
Formal employment 52(14.1)
Housewife 22 (6.0)
Variablesfor PQI

Duration of diabetes (years) 4(2-10)
Glycated hemoglobin (HbA1c) 8.2(7.0-10.1)
Body massindex (BMI) 26.1 (23.0-30.9)
Systolic blood pressure (SBP) 139 (125-153)
Co-morbidities

Hypertension 260 (70.5)
Overweight 67(18.2)
Obese 58(15.7)
Other CVD 6(1.6)
Previous CVD 14(3.8)
Other co-morbidity 47(12.7)
Complications

Retinopathy 14(3.8)
Nephropathy 2(0.5)
Diabetic foot 13(3.5)
Periphera neuropathy 127(34.4)

IQR, Inter-quartile range; PQI, prescribing quality indicators; CVD, Cardiovascular disease
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Further analysis of the number of drugs prescribed for hyperglycemia showed that 59.1 %
patients were on two agents while 37.4 % and 3.3 % patients were on one and three agents
respectively. Metformin was the drug mainly prescribed as a single agent (22.0 %) followed
by premixed insulin 70/30 (12.7 %) and glibenclamide (2.4 %). The main drug combinations

were metformin + glibenclamide (45.3 %) and metformin + insulin (19.2 %).
4.3.2 Drugsfor cardiovascular risk

In cardiovascular risk management, the two main drugs prescribed were low dose
hydrochlorothiazide (52.0 %) and enaapril (51.8 %), followed by nifedipine (25.5 %) and
losartan (20.1 %). In all cases where hydrochlorthiazide was prescribed, the dose was less or
equal to 25 mg per day. Low dose acetyl salicylic acid for both primary and secondary
prevention of cardiovascular disease (CVD) was prescribed for 20.6 % patients. The rest of
the drugs were each prescribed for less than 10 % of the patients and included atenolol (9.5
%) and atorvastatin (6.5 %).

Further analysis of the number of drugs prescribed for cardiovascular risk management
showed that 30.1 % patients were on three agents while 26.6 %, 16.0 % and 6.2 % were on
two, one and four agents respectively. Enalapril was the drug mainly prescribed as a single
agent (13.0 %) followed by hydrochlorthiazide (1.1 %). In instances where two or more drugs
were prescribed, the two core drugs in the combination were enalapril + hydrochlorthiazide
(40.0 %) followed by hydrochlorthiazide + nifedipine (19.8 %) and hydrochlorthiazide +
losartan (13.8 %). Of the patients with hypertension, 89.6 % were prescribed enalapril (61.2

%) or losartan.
4.3.3 Other drugs

Other drugs that included amitriptylline (19.5 %), carbamazepine (3.5 %) and pregabalin (0.8
%) were mainly prescribed for management of peripheral neuropathy. Table 4.2 isa summary

of drugs prescribed to T2DM patients.

4.4 Potential drug interactionsin type 2 diabetes mellitus

On analysis of prescriptions in patient medical records in 2013, potential cases of
pharmacodynamic drug-drug interactions were found in 4 % (95 % Cl: 2-6) of the records.
The main category of interaction was angiotensin converting enzyme inhibitor
(ACEl)/angiotensin receptor blocker (ARB) + thiazide + non-steroidal anti-inflammatory
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drug [(NSAID) (3 %)], in which enalapril was prescribed together with hydrochlorthiazide

and an NSAID (mainly diclofenac or meloxicam).

Table 4.2 Drugsfor hyperglycemia and cardiovascular risk

Category/drug

n (%), N=369

Antihyper glycemics
Metformin
Glibenclamide
Insulin

Glimepiride
Chlorpropamide
Pioglitazone

Gliclazide

Cardiovascular risk management
Hydrochlorthiazide
Enal april

Losartan

Nifedipine

Atenolol

Carvedilol
Atorvastatin

Acetyl salicylic acid
Furosemide
Hydrallazine
Spirinolactone
Digoxin
Amlodipine

Other drugs
Carbamazepine
Amitriptylline
Pregabalin

311 (84.9)
176 (47.7)
118 (32.0)
1(0.3)
1(0.3)
2 (0.5)
1(0.3)

192 (52.0)
191 (51.8)
74 (20.1)
94 (25.5)
35 (9.5)

5 (1.4)

24 (6.5)
76 (20.6)
11 (3.0)
2(0.5)
1(0.3)
4(1.2)

11 (3.0)

13 (3.5)
71 (19.5)
3(0.8)
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There were however no cases of interactions involving ACEI + ARB, verapamil + beta (8)-
blocker or glitazones + congestive heart failure. Table 4.3 summarizes cases of potential

drug-drug interactions.

Table 4.3 Potential drug interactionsin type 2 diabetes mellitus

Potential drug interaction category n (%, 95% CI), N=369
ACEI/ARB + thiazide + NSAID 12 (3, 2-6)

ACEI/ARB + potassium-sparing diuretic 2(0.5,01-2.2)

ACEIl + ARB None

Verapamil + B-blocker None

Glitazones + congestive heart failure None

Total 14 (4, 2-6)

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAID,

non-steroidal anti-inflammatory drug; Cl, confidence interval

4.5 Variablesfor prescribing quality indicators

Some variables were not available for all patients, possibly because they were not measured
every year. Age, gender, weight and SBP were recorded for al patients while BMI was only
available for 56 % of the patients. None of the 369 patients had a value recorded for
albuminuriain 2013. Table 4.4 summarizes the proportion of patients with a registered value
for each variable. The proportion for SBP and HbA1c included newly diagnosed T2DM
patients.

Table 4.4 Variablesfor prescribing quality indicators

Name of variable n (%), N=369
Age 369 (100)
Gender 369 (100)
Duration of diabetes 369 (100)
SBP 369 (100)
HbA1c 366 (99)

BMI 206 (56)
Albuminuria None

SBP, systolic blood pressure; HbAlc, glycated hemoglobin; BMI, body mass index
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4.6 Outcomesfor selected indicatorsand Beerscriteria

4.6.1 Outcomes for prescribing quality indicators

Twelve (12) PQI were selected to determine quality of prescribing in management of
hyperglycemia and cardiovascular risk. The outcome for prescribing any antihyperglycaemic
or antihypertensive medication was 99 % in both cases while that for prescribing a statin in
patients with high cardiovascular risk was 6 %. Two PQI could not be calculated since none
of the 369 patients had a value recorded for albuminuria in 2013. The two indicators were;
percentage of T2DM non-hypertensive patients with albuminuria prescribed an ACEI or
ARB and percentage of T2DM patients with hypertension and with albuminuria prescribed a
multiple drug regimen containing ACEI or ARB.

4.6.2 Outcomesfor quality indicator and Beerscriteria

The outcome for potentially inappropriate medicine use by prescribing glibenclamide in
elderly patients was 47 %. Additionally, the outcome for the quality indicator for the care of
diabetes mellitus in elderly T2DM patients by prescribing acetyl salicylic acid for primary
prevention of CVD was 33 %. Table 4.5 summarizes outcomes for the selected PQI, QI and

Beers criteria.

4.7 Factor s influencing choice of drugs

4.7.1 Metformin and glibenclamide

On bivariate analysis, the use of metformin was significantly influenced by other CVD (p =
0.02). Age, sex, hypertension, other CVD, duration of diabetes, HbAlc and BMI did not
significantly influence use of metformin (p > 0.05). On multivariate logistic regression
analysis, use of metformin was not significantly influenced by any of the factors analyzed (p
> 0.05). None of these factors significantly influenced use of glibenclamide following both
bivariate and multivariate logistic regression analysis (p > 0.05). Table 4.6 summarizes

results obtained for metformin
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Table 4.5 Outcomes for indicators and Beerscriteria
Description of prescribing quality indicator N n % (95% CI)

Cardiovascular Risk Management
T2DM patients with hypertension prescribed any antihypertensive drug

256 255 99 (98-100)
T2DM patients prescribed a second antihypertensive drug if SBP remained greater or equal

to 140mm/Hg with first class drug 21 17 81 (57-94)
T2DM non-hypertensive patients with albuminuria prescribed ACEI or ARB

T2DM patients with hypertension and with albuminuria prescribed a multiple drug regimen
containing ACEI or ARB
T2DM patients with hypertension and history of IHD or Ml prescribed -blocker

9 5 56 (23-85)
T2DM patients with high cardiovascular risk prescribed a statin 303 19 6 (4-9)
T2DM patients with history of CVD prescribed acetyl salicylic acid 22 12 54 (33-75)
Hyper glycemia management
T2DM patients with HbA1c above 7 % prescribed any oral antihyperglycaemic agent or
insulin 219 218 99 (97-100)
T2DM patients on 1 ora antihyperglycaemic drug and not on insulin who are prescribed a
2" oral agent if HbA1c remained above 7.0 % 25 19 76 (54-90)
T2DM patients with 2 oral drugs and not on insulin who are prescribed insulin if HbAlc
remained above 7.0 % 46 16 35 (22-50)
T2DM patients prescribed metformin as a first choice drug 55 45 82 (69-91)

Overweight prevalent T2DM patients prescribed a multiple drug regimen containing
metformin 123 105 85 (76-90)
Description of quality indicator and Beerscriteria

Elderly T2DM patients prescribed acetyl salicylic acid 114 37 33 (24-42)
ElderlyT2DM patients prescribed a long-acting sulfonylurea (glibenclamide) 108 51 47 (38-57)

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; T2DM, type 2 diabetes mellitus, SBP, systolic blood pressure; Cl, confidence interval;
IHD, ischemic heart disease; MI, myocardial infarction
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Table 4.6 Factor sinfluencing use of metformin

Baseline characteristics N n PR (95 % ClI) p-value®
Age (years)

L ess than 60 199 165 0.83(0.77-0.88) 0.44
At least 60 170 146 0.86 (0.80-0.91)

Sex

Male 158 132 0.85 (0.79-0.89) 0.74
Female 211 179 0.84 (0.77-0.89)
Co-morbiditiees

Hypertension 260 220  0.85(0.80-0.89) 0.76
Previous CVD 14 12 0.86 (0.56-0.97) 0.88
Other CVD 6 3 0.50 (0.14-0.86) 0.02
Duration of diabetes (years)

Less than 10 271 230 0.85 (0.80-0.89) 0.61
Atleast 10 98 81 0.83(0.73-0.89)

HbA1c (%)

Lessthan 7 90 76 0.84 (0.78-0.89) 0.96
At least 7 279 235 0.84 (0.79-0.88)

BMI (kg/m?)

Less than 25 82 66 0.81 (0.70-0.88) 0.28
At least 25 287 245 0.85 (0.81-0.89)

@Pearson chi; PR, preference ratio; Cl, confidence interval

4.7.2 Insulin

On bivariate analysis, use of insulin was significantly influenced by duration of diabetes and

HbA1c (p < 0.01). The prevalence of prescribing insulin was higher in patients with duration

of diabetes 10 years and above [prevalence ratio (PR) 0.47] compared to those patients with
duration of diabetes less than 10 years (PR 0.27). The same applied to patients with HbA1c
greater or equal to 7 % (PR 0.36) compared to those with HbAlc less than 7 % (PR 0.19).
Other factors such as age, sex, previous CVD, other CVD, SBP and BMI did not significantly

influence use of insulin (p > 0.05) as summarized in Table 4.7.
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Table 4.7 Factor sinfluencing use of insulin

Baseline characteristics N N PR (95 % ClI) p-value®
Age (years)

Less than 60 199 71 0.36 (0.29-0.43) 0.11
At least 60 170 47 0.28 (0.21-0.35)

Sex

Male 158 51 0.32 (0.25-0.40) 0.88
Female 211 67 0.32 (0.26-0.39)
Co-morbiditiees

Hypertension 260 85 0.33(0.27-0.39) 0.67
Previous CVD 14 5 0.36 (0.14-0.64) 0.77
Other CVD 5 1 0.17 (0.01-0.64) 0.42
Duration of diabetes (years)

Less than 10 271 72 0.27 (0.22-0.32) <0.01
At least 10 98 46 0.47 (0.37-0.57)

HbA1lc (%)

Less than 7 90 17 0.19 (0.12-0.29) <0.01
At least 7 279 101  0.36(0.31-0.42)

BMI (kg/m?)

Less than 25 82 33 0.40 (0.30-0.52) 0.07
At least 25 287 85 0.29 (0.25-0.35)

& Pearson chi; PR, preference ratio; Cl, confidence interval
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On multivariate logistic regression analysis, duration of diabetes [crude oddsratio (OR) 1.1, p
< 0.01)] and HbA1c level (crude OR 1.2, p < 0.01) significantly influenced use of insulin.
Other factors such as age, sex, previous CVD, other CVD, SBP and BMI did not significantly
influence use of insulin (p > 0.05) and were dropped in subsequent logistic regression
analysis. Further logistic regression analysis yielded statistically significant results as shown
in Table 4.8. The odds of prescribing insulin were 1.2 times in patients with HbA 1c greater or
equal to 7 % compared to those with HbAlc less than 7 %. Additionally, the odds of
prescribing insulin were 1.1 times in patients with duration of diabetes 10 years and above

compared to those with duration of diabetes less than 10 years.

Table 4.8 Logistic regression output for use of insulin (n=365)

Insulin Adjusted OR Stderror z p>[z] 95 % CI
Duration 11 0.02 3.8 <0.01 10-11
HbA1c 1.2 0.06 35 <0.01 1.1-1.3

OR, oddsratio; Cl, confidence interval

4.7.3 Enalapril or losartan

On bivariate analysis, age, hypertension, duration of diabetes and SBP significantly
influenced use of enalapril or losartan (p < 0.01). The prevalence of prescribing enalapril or
losartan was high in patients with hypertension (PR 0.90). The prevalence was also higher in
patients aged 60 years and above (PR 0.82), with duration of diabetes 10 years and above (PR
0.88) and with SBP greater or equal to 140 mmHg (PR 0.86) compared to those aged less
than 60 years (PR 0.63), duration of diabetes less than 10 years (PR 0.66) and with SBP less
than 140 mmHg (PR 0.57) respectively. Other factors such as sex, previous CVD and other
CVD did not significantly influence use of enalapril or losartan (p > 0.05) as summarized in
Table 4.9.

However, on multivariate logistic regression analysis, only hypertension (crude OR 17.3, p <
0.01) and duration of diabetes (crude OR 1.1, p < 0.01) significantly influenced use of
enalapril or losartan. Age, sex, previous CVD, other CVD and SBP did not significantly
influence use of losartan or enaapril (p > 0.05) and were dropped in subsequent regression
analysis. Further logistic regression analysis yielded statistically significant results as shown
in Table 4.11. The odds of prescribing enalapril or losartan were 19.3 times in patients with

hypertension compared to those without. Additionally, the odds of prescribing enalapril or

33



losartan were 1.1 times in patients with duration of diabetes 10 years and above compared to

those with duration of diabetes below 10 years.

Table 4.9 Factorsinfluencing use of enalapril or losartan

Baseline characteristics N n PR (95 % CI) p-value®
Age (years)

L ess than 60 199 126 0.63 (0.56-0.70) <0.01
At least 60 170 139 0.82 (0.75-0.87)

Sex

Male 158 114 0.72 (0.64-0.79) 0.9
Female 211 151 0.72 (0.65-0.77)

Co-mor biditiees

Hypertension 260 233 0.90 (0.85-0.93) <0.01
Previous CVD 14 11 0.79 (0.49-0.94) 0.56
Other CVD 6 4 0.67 (0.24-0.94) 0.78
Duration of diabetes (years)

Less than 10 271 178 0.66 (0.60-0.71) <0.01
At least 10 98 87 0.88 (0.80-0.94)

SBP (mmHg)

Less than 140 188 109 0.57 (0.51-0.65) <0.01
At least 140 181 156 0.86 (0.80-0.91)

@Pearson chi; PR, preference ratio; Cl, confidence interval

4.7.4 Acetyl salicylic acid (ASA)

On bivariate analysis age, sex, hypertension, previous CVD, and duration of diabetes
significantly influenced use of ASA (p < 0.05). Other factors such as other CVD, HbA1c,



SBP and BMI did not significantly influence use of ASA (p > 0.05) as summarized in Table

4.10. However, on multivariate logistic regression analysis, only age (crude OR 1.1, p < 0.01)

and hypertension (crude OR 7.6, p < 0.01) significantly influenced use of ASA. Sex, previous
CVD, other CVD, duration of diabetes, HbA1c, SBP and BMI did not significantly influence

use of ASA (p > 0.05) and were dropped in subsequent analysis. Further logistic regression
analysis yielded statistically significant results as shown in Table 4.11. The odds of

prescribing ASA were 4.1 times in patients with hypertension compared to those without.

Additionally, the odds of prescribing ASA were 1.1 timesin patients aged 60 years and above

compared to those aged below 60 years.

Table 4.10 Factorsinfluencing use of acetyl salicylic acid

Baseline char acteristics N N PR (95 % CI) p-value®
Age (years)

Less than 60 199 25 0.13(0.23-0.38

At least 60 170 51 0.30 (0.13-0.22) <001
Sex

Male 158 41 0.26 (0.19-0.34) 0.03
Female 211 35 0.17 (0.12-0.22)
Co-morbiditiees

Hypertension 260 69 0.27 (0.21-0.32) <0.01
Previous CVD 14 0.50 (0.24-0.78) <0.01
Other CVD 6 0.5(0.14-0.86) 0.73
Duration of diabetes (years)

Less than 10 271 46 0.17 (0.13-0.22)

At least 10 98 30 0.31(0.22-0.41) <0.01
HbA1c (%)

Lessthan 7 90 17 0.19 (0.12-0.29)

At least 7 279 59 0.21 (0.17-0.27) 0.65
SBP (mmHQ)

Less than 140 188 34 0.18 (0.13-0.25)

At least 140 181 42 0.23 (0.17-0.30) 0.23
BMI (kg/m?)

Less than 25 82 16 0.20 (0.12-0.30)

At least 25 287 60 0.26 (0.16-0.26) 0.78
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Table 4.11 Logistic regression output for use of enalapril or losartan and acetyl salicylic

acid (n=368)
Enalapril or
losartan Adjusted OR  Stderror z p>[Z] 95 % ClI
Hypertension 19.3 5.84 9.8 <0.01 10.7-35.0
Duration 11 0.03 3.3 <0.01 1.0-1.2
ASA
Age 11 0.01 4.5 <0.01 1.0-1.1
Hypetension 4.1 1.73 3.3 < 0.01 1.8-94

OR, oddsratio; Cl, confidence interval
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CHAPTER FIVE: DISCUSSION

5.1 Discussion

Outcomes of prescribing quality indicators used in this study demonstrated that quality of
prescribing was good for some of the indicators. There was also a high rate of adherence on
guideline recommendations on choice of drugs. Cases of potential inappropriate medicine use
and drug-drug interactions were low. However, deficiencies were demonstrated in quality
prescribing in elderly patients.

5.1.1 Quality of prescribing

More than three quarters of the patients had HbAlc level of at least 7 %, a pointer to
deficiencies in adequate control of hyperglycemia. Guidelines recommend that individuals
with diabetes maintain HbA1c below 7 % to minimize the risk of complications and co-
morbidities (ADA, 2013). Nearly three quarters of the patients with hypertension had systolic
blood pressure (SBP) of at least 140 mmHg. This portended inadequate blood pressure
control, as the recommended SBP target in T2DM patients with hypertension is below 140
mmHg (ADA, 2013). Additionally, less than 10 % of eligible patients were prescribed a
statin, which represented deficiencies in adequate control of dyslipidaemia based on criteria
for thisindicator.

The number of eligible patients per prescribing quality indicator (PQI) ranged from 9-323,
which was consistent with suggested minimum sample size of 5-10 to 30-60 eligible patients
per PQI (Martirosyan et al, 2010). Some variables were not available for all patients, possibly
because they were not measured every year. However, Martirosyan et al, (2008) recommend
that proportion based PQI are robust to data loss of up to 35 % of an entire sample, since any
change in the denominator will cause a change in the numerator. Consequently, outcomes of
PQI based on variables available for at least 70 % of the patients were considered sufficiently
generalizable.

Data on age, sex, HbAlc, SBP and duration of diabetes were available for 99-100 % of
patients; hence outcomes of PQI based on them are sufficiently generalizable in this setting.
However, BMI measurement was only available for 56 % of the patients. The outcome of
PQI based on BMI with data missing in 44 % of patients may not reflect prescribing quality
in this setting. It however provides useful information for health professionals to identify

potential problems among patients with available clinical information. None of the 369
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patients had a value recorded for albuminuria. As a result, outcomes for two indicators
focusing on management of albuminuria in hypertensive and non-hypertensive patients were
not calculated.

For the remaining 10 PQI calculated, 5 focused on cardiovascular risk management while the
rest focused on hyperglycemia management. The outcomes of PQI measured in this study
were consistent with what Martirosyan et al (2008) found in their study. Although that study
did not aim at assessing quality of prescribing, they found deficiencies regarding prescribing
of statins, acetyl salicylic acid and timely intensification of antihypertensive and
antihyperglycaemic therapy. They also noted that the performance of some indicators was
very good, such as that focusing on prescribing any antihyperglycaemic medication in
eligible patients which had an outcome of 96 %. Similar results were obtained in this study
cohort, with the 2 indicators focusing on prescribing of any antihyperglycaemic or
antihypertensive medication in eligible patients showing a very high outcome of 99 %.
Martirosyan et al (2008) recommend that if a PQI shows such a high performance over time

for the same service provider, it may be dropped, as there is no potential for improvement.

Based on pre-set criteria, six PQI with outcomes above 70 % represented good quality
prescribing in T2DM ambulatory care. Four of them focused on hyperglycemia management,
implying that there were more deficiencies in cardiovascular risk management. The four PQI
focused on prescribing any antihyperglycemic agent, intensifying oral antihyperglycemic
therapy, prescribing metformin as the first choice drug or prescribing metformin as part of a
multiple drug regimen in overweight T2DM patients. The remaining two PQI focused on
prescribing any antihypertensive medication and intensifying antihypertensive therapy in

eligible patients.

Conversely, four PQI with outcomes below 70 % represented poor quality prescribing. Three
of these focused on prescribing a statin in T2DM patients with a high cardiovascular risk,
prescribing B-blockers in those with a history of myocardial infarction or ischemic heart
disease and prescribing acetyl sdlicylic acid in those with a history of CVD. For
hyperglycemia management, only one indicator focusing on intensification of insulin therapy
had an outcome representing poor quality prescribing. The probable reason for the very low
outcome for prescribing statins in T2DM patients with high cardiovascular risk in may have
been the high cost attributed to this class of drugs, since they were not part of the essential

drugs list in the public supply chainin 2013.
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The study cohort consisted of 31.4 % elderly patients, which was consistent with figures
available in literature; with the ADA (2013) estimating that more than 20 % of elderly
patients have T2DM. The outcome for the quality indicator (QI) focusing on prescribing of
acetyl salicylic acid for primary prevention of cardiovascular disease was below 70 %. This
represented poor quality prescribing in this category of patients, with only one third of
eligible patients being prescribed acetyl salicylic acid.

5.1.2 Choice of drugs

Hypertension was identified as the main co-morbidity, affecting nearly three quarters of
patients. This was consistent with the approximation of 20-60 % of patients with diabetes
being affected by hypertension (Patel and Mehta, 2013). In managing hypertension in patients
with diabetes, angiotensin converting enzyme inhibitors (ACEIl) are promoted as first choice
agents, with angiotensin receptor blockers (ARB) being recommended as alternatives to
ACEI. Evidence suggests that these drugs reduce loss of kidney function in patients with
diabetic nephropathy (Barnett et al, 2004). In this study, more than 89 % of T2DM patients
with hypertension were prescribed either enalapril (more than 60 %) or losartan, which was

consistent with guideline recommendations.

In instances where two or more drugs were prescribed for cardiovascular risk management,
the two core drugs in the combination were mainly enalapril + hydrochlorthiazide which is
consistent with recommendations from guidelines (IDF, 2012). More than 80 % of the
patients were prescribed metformin, either singly or in combination. This was consistent with
recommendations for prescribing metformin as the first line agent in pharmacological
management of hyperglycemia (Nathan et al, 2009; IDF 2012; ADA 2013). This was further
reinforced by the fact that more than 80 % of the newly diagnosed T2DM patients were also
prescribed metformin

5.1.3 Potential inappropriate medicine use

Nearly half of the elderly patients were prescribed glibenclamide which potentially exposed
them to the risk of prolonged hypoglycemia. This represented poor quality prescribing as per
the pre-set criteria. Cases of potential drug-drug interactions were below 5 %, representing
good quality prescribing. Additionaly, in all patients prescribed hydrochlorthiazide, a low
dose of not more than 25 mg per day was prescribed, indicating adherence to guideline
recommendations (IDF, 2012).
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5.1.4 Factor sinfluencing choice of drugs

Use of insulin was influenced by glycated hemoglobin level and duration of diabetes. The
latter was a particularly important factor, as the natural history of T2DM is of progression of
beta (B) cell failure; hence insulin remains the only glucose lowering agent capable of
maintai ning glycaemia despite such progression (IDF, 2012). Use of enalapril or losartan was
influenced by presence or absence of hypertension co-morbidity. This further reinforced the
recommendation for prescribing angiotensin converting enzyme inhibitors or angiotensin
receptor blockers as first line agents in management of hypertension in T2DM patients
(Barnett et al, 2004). Additionally, age and hypertension influenced prescribing of acetyl

salicylic acid for primary or secondary prevention of cardiovascular disease.

5.2 Study strengths and limitations

The strength of this study was that the targeted sample size of 369 patients was achieved.
However, due to the retrospective design, one major limitation was missing data for some
variables. Additionally, none of the patients had a value recorded for albuminuria. Other
limitations included the fact that it was carried out in one district hospital in a given region

only. It also only dealt with ambulatory care T2DM patients seen in 2013.

5.3 Conclusion

This study demonstrated high rates of adherence to treatment guidelines on choice of drugs
for management of hyperglycemia and cardiovascular risk, which represented good quality
prescribing. However, there were deficiencies in adequate control of hyperglycemia,

hypertension and dyslipidaemia.

It also established that while the performance of prescribing quality indicators (PQI)
focusing on prescribing any antihyperglycaemic or antihypertensive agent in eligible patients
was very good, there were deficiencies with others whose outcomes represented poor quality
prescribing. Of particular concern was the below 10 % outcome for the PQI focusing on
prescribing statins in type 2 diabetes mellitus (T2DM) patients with a high cardiovascular
risk. Only one third of elderly T2DM patients were prescribed acetyl salicylic acid for
primary prevention of cardiovascular disease (CVD), which also represented poor quality
prescribing. Additionally, nearly half of the elderly patients were prescribed glibenclamide,
which exposed them to potential risk of prolonged episodes of hyperglycemia. Cases of
potential drug-drug interactions were less than 5 %, which was considered as representing

good quality prescribing.
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Factors significantly influencing the use of insulin included glycated hemoglobin level and
duration of diabetes, while hypertension greatly influenced use of enaapril or losartan in
eligible patients. Use of acetyl salicylic acid for primary or secondary prevention of CVD in

eligible patients was significantly influenced by age and hypertension.

5.4 Recommendations

Findings of this study will be disseminated in appropriate fora to facilitate implementation.
The findings represent an opportunity for the following specific recommendations to be
made:

5.4.1 Recommendations for action by Webuye District Hospital

1. The administrator of the hospital should constitute a quality improvement team to deal
with indicators with poor outcomes. Specific problems to be addressed include:

I.  Thefour prescribing quality indicators whose outcomes were below 70 %.
1. Low prescribing of acetyl salicylic acid in eligible elderly patients.
[1l.  Inappropriate use of glibenclamide in elderly patients.

2. The administrator should aso plan to incorporate investigations for albuminuria and lipid
levels for diabetic patients.

5.4.2 Recommendations for futureresearch and policy
1. This study provides abaseline for larger studies.

2. It aso provides a framework for policy makers in the Ministry of Health in Kenya to
formulate strategies that promote optimal pharmacotherapy outcomes in diabetes in particular

and non-communicable diseases in general. Such strategies include:

I.  Review of clinical guidelines to reflect the comprehensive approach necessary in
management of diabetes.
[1.  Investment in laboratory monitoring equipment in public hospitals. This will improve

access to investigations for albuminuria, glycated hemoglobin and lipid levels.
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Appendix A: Operational definitionsfor calculation of prescribing quality indicatorsfor
type 2 diabetes mellitus (M artirosyan et al, 2008).

PQlI FOR HYPERTENSION MANAGEMENT

1. % of T2DM patientswith hypertension/systolic blood pressure> 140 and

prescribed any antihypertensive drug

Inclusion criteria:
Patients with hypertension/average systolic blood pressure (SBP) > 140 in the period of
01/01/2013 -30/06/2013 (first half of 2013)

Outcome:

-yes (1) if eligible patients (who correspond to inclusion criteria) were prescribed the
following antihypertensive (AH) groups: miscellaneous AH drugs, and/or diuretics, and/or 3-
blockers, and/or calcium antagonists and/or ACEIS/ARBs in the period of 01/07/2013 —
31/12/2013 (second half of 2013)

-no (0) if eligible patients are prescribed none of the mentioned medication groups in the

mentioned time period

2. % of T2DM patients prescribed a 2" antihypertensive drug from a different

classif SBP remained = 140mmHg with 1st class antihypertensive drug

Inclusion criteria:
Patients with prescription of one antihypertensive drug and with 2 sequential SBP >140 (time

period between 2 SBP measurements is up to 4 months) in 2013.

Outcome:
-yes (1) if eligible patients were prescribed a second AH drug (i.e. added to first AH drug)

within 5 months (starting from the date of the 1% SBP measurement).

-no, (0) if eligible patients were not prescribed (added) a second AH drug within 5 months
(starting from the date of the first SBP measurement)
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3. % of T2DM patientswithout hypertension with albuminuria prescribed ACE
inhibitor or ARB

Inclusion criteria;

Patients without hypertension and with albuminuriain 2013.

Outcome:
-yes (1) if eligible patients were prescribed any medication from the ACEIs and ARBSs group
in the second half of 2013.

-no (0) if eligible patients were not prescribed any medication from the ACEIs and ARBs
group in the second half of 2013.

4. % of T2DM prevalent for hypertension patientswith albuminuria prescribed a

multiple drug regimen containing ACEI or ARB.

Inclusion criteria:
Patients with hypertension/SBP > 140 in the first half of 2013 and with albuminuriain 2013
and prescribed more than 1 antihypertensive medication in the second half of 2013

Outcome:

-yes (1) if eligible patients were prescribed a drug regimen that included any medication from
ACEI or ARB group in the second half of 2013

-no (0) if eligible patients were not prescribed any medication from ACEI or ARB group in
the second half of 2013
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5. % of T2DM patientswith hypertension and history of ischemic heart disease or

myocar dial infarction prescribed a 3-blocker
Inclusion criteria:
Patients with hypertension/SBP > 140 in the first half of 2013 and history of ischemic heart

disease or myocardial infarction.

Outcome:
-yes (1) if eligible patients were prescribed a 3-blocker in the second half of 2013.

-no (0) if eligible patients were not prescribed a B-blocker in the second half of 2013.

PQI FOR HYPERGLYCAEMIA MANAGEMENT

6. % of prevalent T2DM patientswith HbAlc > 7 % and prescribed any oral

antihyper glycaemic agent or insulin

Inclusion criteria:
Patients with average HbA1c > 7% in the first half of 2013

Outcome:
-yes (1) if eligible patients were prescribed any oral antihyperglycaemic medication or insulin

in the second half of 2013.

-no (0) if eligible patients were not prescribed any oral antihyperglycaemic medication or
insulin in the second half of 2013.
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7. % of T2DM patientswith prescription of one oral antihyper glycaemic drug and
not receiving insulin who are prescribed a 2" second oral antihyper glycaemic

drug from a different classif HbAlcremained > 7.0%

Inclusion criteria:
Patients with prescription of one oral antihyperglycaemic drug and no insulin and with 2
sequential HbA 1c > 7% (period between 2 HbA 1c measurementsis up to 4 months) in 2013

Outcome:
-yes (1) if eligible patients were prescribed a second (added) oral antihyperglycaemic drug

within 5 months (starting from the date of the 1% HbA 1c measurement)

-no (0) if eligible patients were not prescribed (added) a second antihyperglycaemic drug

within 5 months starting from the date of the first HbA 1c measurement

8. % of T2DM patientswith 2 oral antihyper glycaemic drugs and not receiving

insulin who are prescribed insulin if HbAlc remained > 7.0 %

Inclusion criteria:
Patients with prescription of two oral antihyperglycaemic drugs and no insulin and with 2
sequential HbA 1c > 7% (period between 2 HbA 1¢c measurementsis up to 4 months) in 2013

Outcome:
-yes (1) if eligible patients were prescribed (added) insulin within 5 months (starting from the

date of the 1% HbA 1c measurement).

-no (0) if eligible patients were not prescribed (added) insulin within 5 months starting from
the date of the first HbA 1c measurement
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9. % of incident T2DM patients prescribed metformin asafirst choice drug

Inclusion criteria:
Incident diabetic patients (duration of diabetes < 1 year in 2013)

Outcome:
-yes (1) if thefirst drug prescribed to eligible patients was metformin.

-no (0) if eligible patients were prescribed another anti hyperglycaemic medication

10. % of overweight prevalent T2DM patients prescribed a multiple drug regimen

containing metformin

Inclusion criteria:
All patients with BMI > 25 in 2013 and prescribed more than 1 antihyperglycaemic agent in
the second half of 2013.

Outcome:
-yes (1) if eligible patients were prescribed a drug regimen containing metformin in the
second half of 2013.

-no (0) if eligible patients were not prescribed metformin in the second half of 2013.
PQI FOR DYSLIPIDAEMIA MANAGEMENT

11. % T2DM patients with high cardiovascular risk who are prescribed a statin
Inclusion criteria:
Patients with high cardiovascular risk (women aged > 60 years and men > 50 years old, or
duration of diabetes >10 years, or average SBP >140(i.e. with uncontrolled hypertension), or

with albuminuria, or HbA1c > 7%).

Outcome:
-yes (1) if eligible patients were prescribed a statin in the second half of 2013
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-no (0) if eligible patients were not prescribed a statin in the second half of 2013

PQlI FOR ANTIPLATELET TREATMENT

12. % of T2DM patientswith history of cardiovascular disease prescribed acetyl

salicylic acid

Inclusion criteria:
All T2DM patients with history of cardiovascular diseases caused by atherosclerosis
(Ischemic heart disease, acute myocardial infarction, stroke/cerebrovascular accident,

cerebrovascular disease, atherosclerosis)
Outcome:
-yes (1) if eligible patients were prescribed acetyl salicylic acid (aspirin) in the second half of

2013.

-no (0) if eligible patients were not prescribed acetyl salicylic acid (aspirin) in the second half
of 2013.
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Appendix B: Webuye District Hospital location map
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This is to inform you that the KNH/UoN-Ethics & Research Committee (KNH/UoN-ERC) has reviewed
and approved your above proposal. The approval periods are 4" April 2014 to 3¢ April 2015.
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ERC before implementation.
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participants and others or affect the integrity of the research must be reported to KNH/UoN ERC within 72
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(Attach a comprehensive progress report to support the renewal).
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