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Abstract
There is little doubt that diabetes is more common in hypertensive than normotensive individuals.
Also some data suggest that the use of certain antihypertensive agents will increase the occurrence
of new onset diabetes (NOD) when compared to other medications. However, the effect of the
antihypertensive drugs on the development of NOD in hypertensive patients in Gaza has not been
studied.
This study is aimed to investigate the risk of prediabetes and/ or undiagnosed new-onset diabetes
caused by antihypertensive drugs among treated hypertensive patients in Gaza.
We conducted a cross sectional comparative study in which a number of hypertensive patients
(567) were screened for prediabetes and/ or undiagnosed new-onset diabetes from April 2015 to
December 2015, by measuring their fasting blood glucose levels. Participated Patients were signed
into groups according to fasting blood glucose levels, Normal (FBG< 110 mg/dl), Prediabetic
(110 ≥FBG≤ 125) and Diabetic group (FBG≥ 126 mg/dl).
We estimated the odds ratios (ORs) of prediabetes and/ or NOD associated with antihypertensive
drug use; nondiabetic subjects served as the reference group. A total of 15 NOD and 42 prediabetic
cases were identified in 567 hypertensive patients during the study period.
The risk of prediabetes and/ or NOD was higher among hypertensive patients who use BetaBlockers alone or in combination with Diuretics (OR= 2.617; 95% confidence interval [CI],
1.225, 5.589; P= 0.010 and OR= 1.438; 95% CI, 0.646-3.202; P= 0.372, respectively) than nonusers. While Calcium Channel Blockers (CCBs) monotherapy, Angiotensin Converting Enzyme
Inhibitors (ACEIs) or Angiotensin II Receptor Blockers (ARBs), Diuretics monotherapy, CCBs
plus ACEIs or ARBs, BBs plus CCBs and BBs plus ACEIs or ARBs were not associated with
risk of prediabetes and/ or NOD.
Our results showed that patients with hypertension who take beta blockers alone or in combination
with diuretics are at higher risk for developing prediabetes and/ or NOD than those who take other
classes of antihypertensive drugs. This could lead to a more complicated disease states.

Keywords: Hypertension, New- onset Diabetes, Prediabetes, B-Blockers, Diuretics, Angiotensin
Converting Enzyme Inhibitors, Angiotensin Receptor Blockers, Calcium Channel Blockers.
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الملخص
يعتبر مرض السكري أكثر شيوعا عند مرضى ارتفاع ضغط الدم من األفراد السليمين.و تشير بعض الدراسات إلى أن استخدام
بعض األدوية الخافضة للضغط تتسبب في زيادة احتمالية االصابة الجديدة بالسكري مقارنة مع األدوية األخرى .ال يوجد دراسات
موثقة عن تأثير األدوية الخافضة لضغط الدم على االصابة بالسكري عند مرضى ارتفاع ضغط الدم في فلسطين.
تهدف هذه الدراسة إلى تقييم خطر االصابة بمرحلة ما قبل السكري ومرض السكري غير المشخص بين مرضى ارتفاع ضغط
الدم الذين يتعاطون ادوية خافضة للضغط في غزة.
لتحقيق هذا الهدف تضمنت الدراسة اجراء مقارنة مقطعية وسط مرضى الضغط المسجلين في مراكز الرعاية الصحية التابعة
لوزارة الصحة واالونروا في مدينة غزة .حيث تم فحص مستوى السكر الصائم لحوالي  576مريض يعاني من ارتفاع ضغط
الدم .وحساب نسب االرجحية الحتمالية االصابة بمرحلة ما قبل السكري او السكري كنتاج الدوية الضغط المختلفة المتداولة في
مراكز الرعاية الصحية في غزة.
خالل هذه الدراسة تم اكتشاف  15حالة جديدة مصابة بالسكري ) )NODو  42حالة تعاني من مرحلة ما قبل السكري
) .(Prediabetesواظهرت هذه الدراسة ان مرضى ارتفاع ضغط الدم الذين يتعاطون االدوية الحاصرة لمستقبالت بيتا لوحدها
او مع مدرات البول لديهم احتمالية خطورة أعلى لالصابة بالسكري من الذين يتعاطون االدوية األخرى الخافضة للضغط .بينما
الذين يتعاطون مدرات البول ،حاصرات قنوات الكالسيوم ،مثبطات االنزيم المحول لالنجيوتنسن ،ومضادات مستقبالت
االنجوتنسن لوحدها او مزامنة مع بعضها او مع حاصرات مستقبالت بيتا لم تكن ذات احتمالية عالية لالصابة بالسكري او ما قبل
السكري.
أظهرت هذه الدراسة أنه البد من الحذر عند استخدام حاصرات مستقبالت بيتا لوحدها او مع مدرات البول في مرضى ارتفاع
ضغط الدم الذين لديهم تاريخ عائلي للسكري ،بناء على هذه النتائج نقترح استخدام مثبطات االنزيم المحول لالنجيوتنسن اومضادات
مستقبالت االنجوتنسن لما لها من تأثير جيد على مستويات السكر بالدم بدال من استخدام االدوية الحاصرة لمستقبالت بيتا.

الكلمات المفتاحية :ارتفاع ضغط الدم ،ما قبل السكري ،االصابة بالسكري ،مدرات البول ،حاصرات مستقبالت بيتا ،مثبطات
االنزيم المحول لالنجيوتنسن ،مضادات مستقبالت االنجيوتنسن ،وحاصرات قنوات الكالسيوم.
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Chapter I
Introduction
1.1 Background
1.1.1 Hypertension is a major health problem throughout the world because of its high
prevalence and its association with increased risk of cardiovascular disease (Chobanian et al.,
2003; Khatib et al., 2005). There is a close relationship between blood pressure levels and the
risk of cardiovascular events, strokes, and kidney disease (Chobanian et al., 2003). The higher
the blood pressure, the greater the chance of myocardial infarction, heart failure, stroke and kidney
disease (Khatib et al., 2005; Force, 2006). The risk of these outcomes is lowest at a blood pressure
of around 115/75 mmHg, above 115/75 mmHg, for each increase of 20 mmHg in systolic blood
pressure or 10 mmHg in diastolic blood pressure, the risk of major cardiovascular and stroke events
doubles (Khatib et al., 2005).

1.1.2 Prevalence of hypertension
The World Health Organization rates hypertension as one of the most important causes of
premature death worldwide and the problem is growing day by day. Globally, the overall
prevalence of raised blood pressure in adults aged 25 and over was around 40% in 2008 (WHO,
2016). Approximately one billion people worldwide have high blood pressure, and this number is
expected to increase to 1.56 billion people by the year 2025 (Bilal et al, 2015).
Globally cardiovascular disease accounts for approximately 17 million deaths a year, nearly one
third of the total. Of these, complications of hypertension account for 9.4 million deaths worldwide
every year. Hypertension is responsible for at least 45% of deaths due to heart disease, and 51%
of deaths due to stroke (WHO, 2016).
In the Eastern Mediterranean Region, two out of five adults are affected by high blood pressure in
which the prevalence of hypertension averages 29% and it affects approximately 125 million
individuals (Bilal et al., 2015).
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In Palestine, hypertension is the seventh leading cause of death in total population and in males
(5.9% of total deaths and 4.1% of male deaths), while it was the fourth leading cause of death in
females, 8.3% of females deaths (Abdeen, 2006).
According to the health annual report in Palestine 2015, cardiovascular diseases deaths due to
hypertension account for 13.1% in Palestine (5.5% in Gaza Strip, 17% in West Bank), (Health
Annual Report, Palestine, 2015).
According to the annual report for chronic diseases in Gaza strip 2014, the total number of chronic
diseases cases registered in UNRWA or ministry of health (MOH) was about 150,698 cases. From
them 49,094 (27.4/1000) people registered as hypertensive patients (Annual Report of Chronic
Diseases in Gaza Strip, 2014).

1.1.3 Classification of Hypertension
Most major guidelines recommend that hypertension be diagnosed when a person’s systolic blood
pressure is or greater than 140 mmHg or their diastolic blood pressure is or greater than 90 mmHg,
or both, on repeated examination. These numbers apply to all adults older than 18 years, although
for patients aged 80 or older, systolic blood pressure up to 150 mmHg is now regarded as
acceptable. Some recent guidelines have recommended diagnostic values of 130/80 mmHg for
patients with diabetes or chronic kidney disease. For patients with systolic blood pressure between
120 and 139 mmHg, or diastolic blood pressures between 80 and 89 mmHg, the term
prehypertension can be used. Patients with this condition should not be treated with blood
pressure medications; however, they should be encouraged to make lifestyle changes in the hope
of delaying or even preventing progression to hypertension (Force, 2006).
Table 1.1: Classification of Blood Pressure (BP) in Adults (age ≥18 years) (Bell et al., 2015)

Normal

Systolic BP
(mmHg)
<120

Diastolic BP
(mmHg)
<80

Prehypertension

120-139

80-89

Stage 1 Hypertension

140-159

90-99

Stage 2 Hypertension

>160

>100

BP Classification

2

1.1.4 Diabetes Mellitus (DM): is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both (ADA, 2010).
Globally, an estimated 422 million adults were living with diabetes in 2014, compared to 108
million in 1980. The prevalence of diabetes was highest in the Eastern Mediterranean Region about
43 million (13.7% in 2014), (WHO, 2016).
According to The Health Annual Report in Palestine, 2015, Diabetes mellitus is the fifth leading
cause of death (6.8%) in Palestine (Health Annual Report, Palestine, 2015). There were
27,601(15.4/1000) people registered as diabetic patients and 29,003 (16.2/1000) had hypertension
and diabetes in UNRWA and Ministry of Health primary care centers (Annual Report of Chronic
Diseases in Gaza Strip, 2014).
Diabetes is the leading cause of renal failure in many populations in both developed and
developing countries (Alwan, 2011). Long-term complications of diabetes include retinopathy
with potential loss of vision; nephropathy leading to renal failure; peripheral neuropathy with risk
of foot ulcers, amputations, and Charcot joints; and autonomic neuropathy causing gastrointestinal,
genitourinary, and cardiovascular symptoms and sexual dysfunction. Patients with diabetes have
an increased incidence of atherosclerotic cardiovascular, peripheral arterial and cerebrovascular
diseases (ADA, 2010).

1.1.5 Types of Diabetes Mellitus
Diabetes mellitus type 1 (formerly known as insulin-dependent diabetes). It is caused by the
autoimmune destruction of the β-cells of the pancreatic islets.
Diabetes mellitus type 2 (formerly known as non-insulin-dependent diabetes). It results from both
impaired insulin secretion and resistance to the action of insulin (Holt, 2004).
Gestational diabetes (GDM): is a temporary condition that occurs in pregnancy and carries longterm risk of type 2 diabetes. The condition is present when blood glucose values are above normal
but still below those diagnostic of diabetes. Women with gestational diabetes are at increased risk
of some complications during pregnancy and delivery, as are their infants. Gestational diabetes is
diagnosed through prenatal screening, rather than reported symptoms (WHO, 2016).
3

Table 1.2: Proposed criteria for screening and diagnosis of diabetes (Saudek et al., 2008).

Screening

Diagnosis

 FPG ≥ 100 mg/dl

 FPG ≥ 126 mg/dl

 A1C > 6.0%

 A1C ≥ 6.5%

 RPG ≥ 130 mg/dl

 RPG ≥ 200 mg/dl

 If screening result is negative, screen again

 2-h OGTT ≥ 200 mg/dl
 Diagnosis requires confirmation unless

in 3 yr.
 If screening result is positive but below the

unequivocal symptoms of hyperglycemia

diagnostic threshold, do another test for

are present.
 Diagnosis based on HbA1C requires

diagnosis, using a different method.
 If screening result is above the diagnostic

confirmation using a glucose dependent

threshold but a second test does not reach

test (FPG or OGTT) or, if first HbA1C is ≥

the threshold, test again in 1 yr.

7.0%, by a second HbA1C ≥ 6.5%.
 In asymptomatic persons with HbA1C ≥
6.5%, if FPG ≥ 126 mg/dl or RPG ≥ 200
mg/dl, diagnosis is confirmed.
 If screening is positive but less than the
diagnostic threshold, two tests are required
to reach the diagnostic threshold.

FPG: Fasting Plasma Glucose, RPG: Random Plasma Glucose, A1C: Hemoglobin A1C, 2-h OGTT: 2 Hour Oral Glucose Tolerance
Test

The diagnosis of DM is based on one of four abnormalities:
1. Hemoglobin A1C (HbA1C),
2. Fasting plasma glucose (FPG),
3. Random elevated glucose with symptoms,
4. Abnormal oral glucose tolerance test (OGTT).
The diagnosis of diabetes mellitus is easily established when a patient presents with classic
symptoms of hyperglycemia (thirst, polyuria, weight loss, blurry vision) and has a random blood
4

glucose value of 200 mg/dl (11.1 mmol/L) or higher, and confirmed on another occasion (Table
1.2).
The 2006 WHO criteria defines diabetes as a fasting glucose ≥ 126 mg/dl (7.0 mmol/L) or a twohour post glucose challenge value ≥ 200 mg/dl (11.1 mmol/L). In 2011, the WHO concluded that
an HbA1C value of ≥ 6.5 percent (48 mmol/mol) can be used as a diagnostic test for diabetes. A
value of < 6.5 percent does not exclude diabetes diagnosed using glucose level (WHO, 2011).
When an individual exhibits symptoms or signs of the disease, diagnostic tests are performed, and
such tests do not represent screening. The purpose of screening is to identify asymptomatic
individuals who are likely to have diabetes. Separate diagnostic tests using standard criteria are
required after positive screening tests to establish a definitive diagnosis (Table 1.2). On the basis
of expert opinion, evaluation of the general population should be considered by their health care
provider at 3-year intervals beginning at age 45. Testing should be considered at a younger age or
be carried out more frequently in individuals with one or more of the risk factors shown in (Table
1.3), (Saudek et al., 2008).
Table 1.3: Major risk factors for type 2 diabetes (Saudek et al., 2008).



Family history of diabetes (i.e., parents or siblings with diabetes).



Overweight (BMI ≥ 25 kg/m2).



Habitual physical inactivity.



Race/ethnicity (e.g., African-Americans, Hispanic-Americans, Native Americans, AsianAmericans, and Pacific Islanders).



Previously identified IFG or IGT.



Hypertension (≥ 140/90 mmHg in adults).



HDL cholesterol ≤ 35 mg/dl (0.90 mmol/L) and/or a triglyceride level ≥ 250 mg/dl (2.82
mmol/L).



History of gestational diabetes (GDM) or delivery of a baby weighing > 9 lbs.



Polycystic ovary syndrome.

BMI: Body Mass Index, HDL: High Density Lipoprotein, IFG: Impaired fasting Glucose, IGT: Impaired Glucose Tolerance.
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Prediabetes, typically defined as blood glucose levels above normal but below diabetes
thresholds, is a risk state that defines a high chance of developing diabetes (Tabák et al., 2012).
According to the WHO, high risk for developing diabetes relates to two distinct states, impaired
fasting glucose (IFG) defined as fasting plasma glucose (FPG) of 110 to 125 mg/dl (6.1–6.9
mmol/L), (in the absence of impaired glucose tolerance – IGT) and IGT defined as post load
plasma glucose of glucose ≥ 140 mg/dl (7.8 mmol/L) but < 200 mg/dl (11.05 mmol/L) based on
2-h oral glucose tolerance test (OGTT) or a combination of both (WHO, 2006).
The American Diabetes Association (ADA), although applying the same thresholds for IGT, uses
a lower cut-off value for IFG, FPG of 100 to 125 mg/dl (5.6–6.9 mmol/L) and has additionally
introduced haemoglobin A1c levels of 5.7–6.4% as a new category of high diabetes risk (ADA,
2013). Around 5–10% of people with prediabetes become diabetic annually although conversion
rate varies by population characteristics and the definition of prediabetes (Tabák et al., 2012).
Studies suggest that IGT is associated with muscle insulin resistance and defective insulin
secretion, resulting in less efficient disposal of the glucose load during the oral glucose tolerance
test (OGTT) (WHO, 2006; Abdul-Ghani et al., 2006). The prevalence of IGT varies between
populations and cross different age groups. Prevalence rates in the order of 10% or more are
common and it is typically more common in women than in men (WHO, 2006).
Impaired Fasting Glucose (IFG) is not a clinical entity but rather a risk factor for future diabetes
and adverse outcomes. Impaired Fasting Glucose (IFG) is associated with impaired insulin
secretion and impaired suppression of hepatic glucose output (ADA, 2002; WHO, 2006).
As many as 25% of people with a new diagnosis of diabetes already have established diabetic
retinopathy or microalbuminuria, which has been interpreted to mean that, there is an average of
7 years gap between the actual onset and the diagnosis of type 2 diabetes. It is also now established
that microvascular and macrovascular complications are sometimes present, even in prediabetic
stage [impaired fasting glucose (IFG) or impaired glucose tolerance (IGT)]. These realities support
the critical need to identify diabetes and its precursors more efficiently and earlier (Saudek et al.,
2008).
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Observational data suggest that hypertension is a risk factor for type 2 diabetes )Gress et al., 2000;
Gupta et al., 2008). The coexistence of hypertension and diabetes is frequent. Type 2 diabetes
accounts for greater than 90% of these cases and cardiovascular risk is markedly increased when
hypertension and diabetes coexist (Verdecchia et al., 2004).
The development of new-onset diabetes is frequent during the follow-up of treated hypertensive
patients (Sierra et al., 2003). Antihypertensive agents may exert negative, neutral, or positive
metabolic effects (Gress et al., 2000; Mancia et al., 2006; Zhou et al., 2009). Accumulating
evidence suggests that the use of agents that impair glucose tolerance constitutes a risk factor for
the development of type 2 diabetes (Gress et al., 2000; Mason et al., 2005; Zhou et al., 2009).
Diuretics and β-blockers and their association are particularly harmful in this regard (Gress et al.,
2000). The results of some epidemiologic studies and clinical trials suggested a causal link between
the use of β-blockers or thiazide diuretics and the subsequent development of type 2 diabetes
(Gress et al., 2000; Lindholm et al., 2003; Mason et al., 2005; Gupta et al., 2008).
Conversely, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers
(ARBs), and calcium channel blockers (CCBs) have neutral or beneficial effects on these variables
(Sarafidis et al., 2006). ACEIs and ARBs enhance insulin sensitivity and therefore benefit patients
at high risk of developing type 2 diabetes (Gillespie et al., 2005).

1.2 Justification of the study
Worldwide prevalence estimates for hypertension may be as much as 1 billion individuals, and
approximately 7.1 million deaths per year may be attributable to hypertension (Bilal et al., 2015).
The World Health Organization reports that suboptimal BP (>115 mmHg Systolic BP) is
responsible for 62% of cerebrovascular disease, and 49% of ischemic heart disease (IHD) with
little variation between sexes. In addition, suboptimal BP is the number one attributable risk factor
for death throughout the world. Undiagnosed, untreated, and uncontrolled hypertension clearly
places a substantial strain on the health care delivery system (Chobanian et al., 2003).
Globally, an estimated 422 million adults were living with diabetes in 2014, compared to 108
million in 1980. Diabetes caused 1.5 million deaths in 2012. It was the eighth leading cause of
death among both sexes and the fifth leading cause of death in women in 2012 (WHO, 2016). The
starting point for living well with diabetes is an early diagnosis – the longer a person lives with
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undiagnosed and untreated diabetes, the worse their health outcomes are likely to be. Up to 50%
of people with diabetes may be as yet undiagnosed. Additionally microvascular and macrovascular
complications are sometimes present, even in prediabetic stage. This leads to the development of
chronic complications of diabetes, which cause a lack of fitness to work, disability, and premature
death (Heydari et al., 2010(. These realities support the critical need to identify diabetes and its
precursors more efficiently and earlier (Saudek et al., 2008). Due to the high risk of morbidity
and mortality among patients with type 2 diabetes, prevention of type 2 diabetes is a worthwhile
goal (Gillespie et al., 2005). So concerns about new-onset diabetes (NOD) have been raised
because of its economic burden in various countries (Savage et al., 2003; Gillespie et al., 2005).
The concordance of hypertension and diabetes is increased in the population; hypertension is
disproportionately higher in diabetics (Sowers et al., 2002; Chobanian et al., 2003), while
persons with elevated BP are two and a half times more likely to develop diabetes within 5 years
(Gress et al., 2000; Chobanian et al., 2003). Undoubtedly, the cardiovascular risk is increased
when diabetes and hypertension coexist than when the two conditions stand-alone (Gillespie et
al., 2005).
Some data suggest that the use of certain antihypertensive agents, as diuretics and more specifically
some -blockers will increase the occurrence of new onset diabetes (NOD) when compared to
other medications (Moser, 2006), especially angiotensin converting enzyme inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs), (Minshall et al., 2005).
However, data on the effect of the antihypertensive drugs on the development of NOD in
hypertensive patients in Palestine has not been determined. Therefore such studies are needed to
reveal the risk of NOD among hypertensive patients treated with antihypertensive drugs in Gaza.
This study is the first study aimed to evaluate the risk of prediabetes and/ or new-onset diabetes in
hypertensive patients and to estimate the risk among different antihypertensive drugs.
There is a great need to screen for undiagnosed diabetes among hypertensive patients, and to
increase clinicians' awareness about the importance of following blood glucose level of
hypertensive patients and the risk of impairing glucose tolerance and/ or impairing fasting glucose
caused by antihypertensive drugs normally prescribed to control blood pressure.
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1.3 Main Objective
To evaluate the prevalence of prediabetes caused by antihypertensive medications in hypertensive
patients in Gaza.

1.4 Specific Objectives
1. To evaluate the prevalence of undiagnosed new-onset diabetes caused by antihypertensive
drugs among hypertensive patients in Gaza.
2. To compare the risk of new-onset diabetes among antihypertensive drugs used in primary
health care (PHC) of Palestinian Ministry of Health (MOH) and UNRWA in Gaza.
3. To compare the risk of prediabetes (IFG and/ or IGT) among antihypertensive drugs used in
PHC of Palestinian MOH and UNRWA health centers in Gaza.
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Chapter II
Literature Review
2.1 Pathophysiology of Hypertension:
Hypertension (HTN) is a heterogeneous disorder that may result either from a specific cause or
from an underlying pathophysiologic mechanism of unknown etiology.

2.2 Types of Hypertension
1.

Primary hypertension (Essential or Idiopathic): is systemic hypertension of unknown
cause that results from dysregulation of normal homeostatic control mechanisms of blood
pressure in the absence of detectable known secondary causes (Khatib et al., 2005). It
accounts for more than 90% of cases of hypertension (Oparil et al., 2003; Bell et al., 2015).
Essential hypertension cannot be cured but can be controlled with appropriate therapy
(including lifestyle modifications and medications). Genetic factors may play an important
role in the development of primary HTN (Bell et al., 2015).

2.

Secondary hypertension: Less than 10% of patients with high blood pressure have secondary
HTN (Khatib et al., 2005; Dipiro et al., 2008). Secondary HTN is caused by an underlying
medical condition or medication. Controlling the underlying medical condition or removing
the causative medication(s) will result in a decrease of blood pressure thereby resolving
secondary HTN. The most common cause of secondary HTN is associated with kidney
impairment such as chronic kidney disease (CKD) or renovascular disease. This form of high
blood pressure tends to appear suddenly and often causes higher blood pressure than primary
HTN (Bell et al., 2015).

Multiple factors may contribute to the development of primary hypertension (Figure 2.1),
including:
 Humoral abnormalities involving the renin-angiotensin-aldosterone system, natriuretic
hormone, or hyperinsulinemia.
 Pathologic disturbance in the CNS, autonomic nerve fibers, adrenergic receptors, or
baroreceptors.
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 Abnormalities in either the renal or tissue autoregulatory processes for sodium excretion,
plasma volume, and arteriolar constriction.
 Deficiency in the local synthesis of vasodilating substances in the vascular endothelium, such
as prostacyclin, bradykinin, and nitric oxide, or an increase in production of vasoconstricting
substances such as angiotensin II and endothelin I.
 High sodium intake and increased circulating natriuretic hormone inhibition of intracellular
sodium transport, resulting in increased vascular reactivity and a rise in BP.
 Increased intracellular concentration of calcium, leading to altered vascular smooth muscle
function and increased peripheral vascular resistance (Wells et al., 2009).

AME: apparent mineralocorticoid excess; CNS: central nervous system; GRA: glucocorticoid-remediable aldosteronism.

Figure 2.1: Pathophysiologic mechanisms of hypertension (Oparil et al., 2003).

11

2.3 Treatment of Hypertension
2.3.1 Nonpharmacologic Therapy
All patients with prehypertension and hypertension should be prescribed lifestyle modifications,
including:
1. Weight reduction if overweight.
2. Dietary sodium restriction ideally to 1.5 g/day (3.8 g/day sodium chloride).
3. Regular aerobic physical activity.
4. Moderate alcohol consumption (two or fewer drinks per day).
5. Smoking cessation.
Lifestyle modification alone is appropriate therapy for patients with prehypertension. Patients
diagnosed with stage 1 or 2 hypertension should be placed on lifestyle modifications and drug
therapy concurrently (Wells et al., 2009).

2.3.2 Pharmacological Therapy:
In general, there are seven classes of drugs: diuretics, angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin II receptor antagonists (ARBs), calcium channel antagonists (CCBs);
antiadrenergic agents, vasodilators, and direct renin inhibitors. Most patients with stage 1
hypertension should be treated initially with a thiazide diuretic, ACEIs, ARBs, or CCBs.
Combination therapy is recommended for patients with stage 2 disease, with one of the agents
being a thiazide-type diuretic unless contraindications exist (Wells et al., 2009).

2.3.2.1 Diuretics
Diuretics reduce both systolic and diastolic blood pressures in the great majority of hypertensive
patients. Diuretics administered alone or in combination with other agents form the basis of therapy
for the majority of hypertensive patients (Shah et al., 2004).
Diuretics increase the rate of urine flow; clinically useful diuretics also increase the rate of
excretion of sodium (Na+), (natriuresis) and an accompanying anion, usually chloride (Cl–). Most
clinical applications of diuretics aim to reduce extracellular fluid volume by decreasing total-body
sodium chloride (NaCl) content. Diuretics also may modify renal handling of other cations [e.g.,
potassium (K+), hydrogen (H+), calcium (Ca2+), and magnesium (Mg2+)], anions [e.g., Cl–,
12

bicarbonate (HCO3 –), and dihydrogen phosphate (H2PO4 –)] and uric acid (Figure 2.2), (Brunton
et al., 2008).

Figure 2.2: Site of action of Diuretics (www.pathophys.org)

2.3.2.1.1 Loop Diuretics (High-Ceiling Diuretics)
These diuretics inhibit the activity of the Na+–K+–2Cl– symporter in the thick ascending limb
(TAL) of the loop of Henle (Vadivelan et al., 2013; Katzung, 2015). Loop diuretics profoundly
increase the urinary excretion of Na+ and Cl– (i.e., up to 25% of the filtered load of Na+) (Paul,
2002) and markedly increase the excretion of Ca2+ and Mg2+ (Katzung, 2015), (Figure 2.3). All
inhibitors of the Na+–K+–2Cl– symporter increase the urinary excretion of K+ and titratable acid,
due in part to increased delivery of Na+ to the distal tubule (Brunton et al., 2011).
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Figure 2.3: Mechanism of action of Loop Diuretics (Hall et al., E 12)

Adverse Effects of Loop Diuretics
Most adverse effects are due to abnormalities of fluid and electrolyte balance.
1. Hyponatremia and/or extracellular fluid volume depletion associated with hypotension,
reduced glomerular filtration rate (GFR), circulatory collapse.
2. Increased urinary excretion of K+ causing hypokalemia, and this may induce cardiac
arrhythmias.
3. Increased Mg2+ and Ca2+ excretion may result in hypomagnesemia (a risk factor for cardiac
arrhythmias) and hypocalcemia.
4. Ototoxicity that manifests as tinnitus, hearing impairment, deafness, vertigo, and a sense of
fullness in the ears.
5. Hyperuricemia (occasionally leading to gout) and hyperglycemia.
6. Increase plasma levels of low-density lipoprotein (LDL) cholesterol and triglycerides while
decreasing plasma levels of high-density lipoprotein (HDL)
Other adverse effects include rashes, photosensitivity, paresthesias, bone marrow depression, and
GI disturbances (Brunton et al., 2008; Katzung, 2015).
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Examples of loop diuretics; Furosemide, Torsemide, Bumetanide, Ethacrynic acid (Brunton et
al., 2008).
2.3.2.1.2 Thiazide and Thiazide-Like Diuretics
Thiazide diuretics inhibit NaCl transport in the distal convoluted tubule (DCT) (Ellison, 2009;
Duarte et al., 2010). The proximal tubule may be a secondary site of action. Inhibitors of the Na+–
Cl– symporter increase Na+ and Cl– excretion, but are only moderately efficacious (i.e., maximum
excretion of filtered load of Na+ is only 5%) because ∼90% of the filtered Na+ load is reabsorbed
before reaching the DCT (Figure 2.4).
By decreasing sodium reabsorption, thiazide use acutely results in an increase in fluid loss to urine,
which leads to decreased extracellular fluid (ECF) and plasma volume. This volume loss results in
diminished venous return, increased renin release, reduced cardiac output and decreased blood
pressure (Duarte et al., 2010).
They also increase the excretion of K+ and titratable acid. Acute administration of thiazides
increases the excretion of uric acid, but uric acid excretion is reduced following chronic
administration. When administered chronically, thiazide diuretics decrease Ca2+ excretion. The
mechanism involves increased proximal reabsorption owing to volume depletion, as well as direct
effects of thiazides to increase Ca2+ reabsorption in the DCT. Thiazide diuretics may cause a mild
magnesuria (Brunton et al., 2008).

Figure 2.4: Mechanism of action of Thiazide Diuretics (Rang et al., 7E)
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Adverse Effects of Thiazide Diuretics
1. Serious adverse effects of thiazides are related to abnormalities of fluid and electrolyte
balance, including extracellular volume depletion, hypotension, hypokalemia (Carter,
2008; Ellison, 2009), hyponatremia (Sharabi et al., 2002), hypochloremia, metabolic
alkalosis, hypomagnesemia, hypercalcemia, and hyperuricemia.
2. Central nervous system effects (CNS); e.g., vertigo, headache, paresthesias, and weakness.
3. Gastrointestinal effects (GI); e.g., anorexia, nausea, vomiting, cramping, diarrhea,
constipation, cholecystitis, and pancreatitis.
4. Hematological effects; e.g., blood dyscrasias.
5. Dermatological effects; e.g., photosensitivity and rashes.
6. Thiazide diuretics also decrease glucose tolerance, sometimes unmasking latent diabetes
mellitus (Duarte et al., 2010). Hypokalemia is the most likely cause of diuretic-induced
hyperglycemia (Ellison, 2009); by reducing insulin secretion and insulin sensitivity
(Salvetti et al., 2006).
7. Thiazide diuretics may increase plasma levels of LDL cholesterol and triglycerides
(Salvetti et al., 2006; Duarte et al., 2010; Grossman et al., 2011).
Examples

of

thiazide

diuretics;

Chlorothiazide,

Hydrochlorothiazide,

Chlorthalidone,

Trichlormethiazide, Polythiazide, Indapamide, Metolazone and Methyclothiazide (Brunton et al.,
2008).
2.3.2.1.3 Potassium-Sparing Diuretics
Triamterene and Amiloride are examples of this class of diuretics. Both drugs cause small
increases in NaCl excretion and usually are employed for their antikaliuretic actions to offset the
effects of other diuretics that increase K+ excretion. Consequently, triamterene and amiloride,
along with spironolactone, often are classified as potassium (K+)-sparing diuretics (Figure 2.5).
Since the late distal tubule and collecting duct have limited capacity to reabsorb solutes, blockade
of Na+ channels in this part of the nephron only mildly increases the excretion rates of Na+ and Cl–
(∼2% of filtered load). Volume contraction may increase reabsorption of uric acid in the proximal
tubule; hence chronic administration of amiloride and triamterene may decrease uric acid excretion
(Brunton et al., 2008).
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Figure 2.5: Mechanism of action of K+ sparing Diuretics (Rang and Dales, E 7)

Adverse Effects of K+-Sparing Diuretics
The most dangerous adverse effect of Na+-channel inhibitors is hyperkalemia, which can be lifethreatening. Consequently, amiloride and triamterene are contraindicated in patients with
hyperkalemia, as well as in patients with increased risk of developing hyperkalemia (e.g., patients
with renal failure, patients receiving other K+-sparing diuretics, patients taking ACEIs, or patients
taking K+ supplements (Brunton et al., 2008; Katzung, 2015).
2.3.2.1.4 Aldosterone Antagonists (mineralocorticoid receptors antagonists)
Mineralocorticoids cause salt and water retention and increase the excretion of K+ and H+ by
binding to specific mineralocorticoid receptors (MRs). The net effect of aldosterone is to increase
Na+ conductance of the luminal membrane and sodium pump activity of the basolateral membrane
(Figure 2.5). Consequently, trans-epithelial NaCl transport is enhanced, and the lumen-negative
trans-epithelial voltage is increased. The latter effect increases the driving force for secretion of
K+ and H+ into the tubular lumen. MR antagonists competitively inhibit the binding of aldosterone
to the MR.
Examples of MR antagonists; Spironolactone, Canrenone, Potassium Canrenoate and Eplerenone
(Brunton et al., 2008).
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Adverse Effects of Aldosterone Antagonists
1. MR antagonists may cause life-threatening hyperkalemia. MR antagonists also can induce
metabolic acidosis in cirrhotic patients.
2. Due to its effects on other steroid receptors, spironolactone may cause gynecomastia,
impotence, decreased libido, and menstrual irregularities.
3. Spironolactone also may induce diarrhea, gastritis, gastric bleeding, and peptic ulcers (the
drug is contraindicated in patients with peptic ulcers).
4. CNS adverse effects include drowsiness, lethargy, ataxia, confusion, and headache.
5. Spironolactone may cause rashes and rarely, blood dyscrasias (Brunton et al., 2008;
Katzung, 2015).

2.3.2.2 Beta-Adrenergic Antagonists (BBs)
Beta Blockers (BBs) are an important class of drugs for the treatment of various heart diseases,
including high blood pressure, angina pectoris, arrhythmias, hypertrophic cardiomyopathy, and
heart failure. They can also be used to treat migraine headache and glaucoma (Frishman, 2003).
Three types of β-receptors (β1, β2, β3) are variably distributed in tissues. Beta 1 receptors are mainly
located in the heart while β2 receptors are found in vascular and bronchial smooth muscle. Beta 3
receptors are located in the adipocytes and heart (Frishman, 2003; Mansoor et al., 2009).
Antagonism of β-adrenergic receptors affects blood pressure through a number of mechanisms,
including cardio-inhibitory effect that reduces cardiac output. Beta-adrenergic receptor antagonists
also act on the juxtaglomerular complex to reduce renin secretion and thereby decrease production
of circulating angiotensin II (Brunton et al., 2008; Gorre et al., 2010). Other mechanisms of
lowering blood pressure by β-receptor antagonists include alteration of the control of the
sympathetic nervous system at the level of the CNS, altered baroreceptor sensitivity, altered
peripheral adrenergic neuron function, and increased prostacyclin biosynthesis. (Brunton et al.,
2008).
Beta-antagonists can be distinguished by: relative specificity for β1 over β2 receptors, intrinsic
sympathomimetic activity, capacity to block β receptors, differences in lipid solubility, capacity to
induce vasodilation, and pharmacokinetic properties (Brunton et al., 2008; Gorre et al., 2010).
Beta-adrenergic antagonists may be classified as Non-Subtype Selective (First Generation), β1-
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Selective (Second Generation), and Antagonists with additional cardiovascular actions (Third
Generation).
 Classical nonselective β-blockers (First generation); Nadolol, Penbutolol, Pindolol,
Propranolol, Timolol.
 β1-Selective blockers (Second generation); Acebutolol, Atenolol, Bisoprolol, Esmolol,
Metoprolol.
 Nonselective β-blockers with additional actions (Third generation); Carteolol, Carvedilol,
Labetalol.
 β1-selective blockers with additional actions (Third generation); Betaxolol, Celiprolol
(Brunton et al., 2008).
Adverse Effects of β-Adrenergic Antagonists (BBs)
Cardiovascular System: Bradycardia caused by β antagonists could lead to life-threatening
bradyarrhythmias in patients with partial or complete AV conduction defects.
Some patients complain of cold extremities while taking β blockers. Symptoms of peripheral
vascular disease may worsen, or Raynaud’s phenomenon may develop.
Abrupt discontinuation of β receptor antagonists after long-term treatment can exacerbate angina
and may increase the risk of sudden death. This is due to enhanced sensitivity to β adrenergic
stimulation when the β blocker is withdrawn abruptly.
Pulmonary Function: bronchoconstriction is a major adverse effect that results from blockade of
β2 receptors in bronchial smooth muscle. Βeta Blockers may cause a life-threatening increase in
airway resistance in patients with bronchospastic disease. β1-selective antagonists or those with
intrinsic sympathomimetic activity at β2 adrenergic receptors may be less likely to induce
bronchospasm.
CNS: CNS-related adverse effects may include fatigue, sleep disturbances (including insomnia
and nightmares), and depression.
Metabolism: β adrenergic blockade may mask recognition of hypoglycemia and may delay
recovery from insulin-induced hypoglycemia. Beta-receptor antagonists should be used with
caution in diabetic patients who are prone to hypoglycemic reactions, β1-selective agents may be
preferable (Brunton et al., 2008). The diabetogenic effect of nonselective β-antagonism results
from a decrease in pancreatic insulin secretion, decreased insulin sensitivity due to a reduced
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peripheral blood supply, increased body weight and increased gluconeogenesis through
glycogenolysis as a result of α2 activity (Gorre et al., 2010).
Beta-receptor antagonists without intrinsic sympathomimetic activity increase concentrations of
triglycerides in plasma and lower those of high-density lipoprotein cholesterol (HDL-C). Betaadrenergic blocking agents with intrinsic sympathomimetic activity have little or no effect on
blood lipids (Brunton et al., 2008; Gorre et al., 2010).

2.3.2.3 Alpha-Adrenergic Receptors Antagonists
Blockade of α1 adrenergic receptors inhibits vasoconstriction induced by endogenous
catecholamines; vasodilation may occur in both arteriolar resistance vessels and veins. The result
is a fall in blood pressure due to decreased peripheral resistance (Mathur et al., 2014).
Catecholamines increase the output of glucose from the liver, predominantly via β receptors,
although α receptors may contribute. So α-receptor antagonists may reduce glucose release.
Activation of α2 receptors in the pancreatic islets suppresses insulin secretion; conversely, their
blockade may facilitate insulin release (Brunton et al., 2008).
Phenoxybenzamine
Phenoxybenzamine (PBZ), was the first generation of α- blocking agents found to be useful for
relief of BPH symptoms (Mathur et al., 2014). It blocks α1 and α2 receptors. PBZ causes a
progressive decrease in peripheral resistance, an increase in cardiac output (due in part to reflex
sympathetic nerve stimulation), tachycardia accentuated by enhanced release of norepinephrine
(due to α2 blockade), and decreased clearance of norepinephrine (NE). PBZ causes a marked fall
in blood pressure on standing (antagonism of compensatory vasoconstriction). A major use of PBZ
is in the treatment of pheochromocytoma (Brunton et al., 2008).
The major adverse effect of PBZ is postural hypotension, often accompanied by reflex tachycardia
and other arrhythmias (Mathur et al., 2014).
Phentolamine and Tolazoline
Phentolamine, an imidazoline, is a competitive α receptor antagonist that has similar affinities for
α1 and α2 receptors. Phentolamine can be used in short-term control of hypertension in patients
with pheochromocytoma. The drug also may be useful for the treatment of hypertensive crises that
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follow the abrupt withdrawal of clonidine or that may result from the ingestion of tyraminecontaining foods during the use of nonselective monoamine oxidase (MAO) inhibitors.
Hypotension is the major adverse effect of phentolamine; reflex cardiac stimulation may cause
tachycardia, arrhythmias, and ischemic cardiac events. GI stimulation may result in abdominal
pain, nausea, and exacerbation of peptic ulcer (Brunton et al., 2008).
Quinazoline α Antagonists
Prazosin
Prazosin was the first α-blocker developed as second generation drug in this series (Mathur et al.,
2014). Prazosin is a potent and selective α1 receptor antagonist. Prazosin can be used for the
treatment of hypertension. The major effects of prazosin result from its blockade of α1 receptors
in arterioles and veins, leading to a fall in peripheral vascular resistance and in venous return to
the heart. Prazosin also may act in the CNS to suppress sympathetic outflow. Prazosin appears to
depress baroreflex function in hypertensive patients. Prazosin decreases low-density lipoproteins
(LDL) and triglycerides while increasing concentrations of high-density lipoproteins (HDL);
(Brunton et al., 2008).
Other Quinazoline α Antagonists: Terazosin, Doxazosin, Alfuzosin, and Tamsulosin (Mathur et
al, 2014)
Adverse Effects of α-Adrenergic Receptors Antagonists
Dizziness is the most common side effect which is thought to result from the effect on CNS.
Hypotension is less common with longer action. Dizziness and hypotension are more common in
patients over 65 years of age. Ejaculatory dysfunction is also a side effect of this group of drugs
(Mathur et al., 2014).

2.3.2.4 Calcium-Channel Antagonists (CCBs)
Calcium channel blockers comprise a class of powerful, well-tolerated, and safe antihypertensive
agents that are widely used either alone or as a key component of combination therapy for
hypertension (Weir, 2002). They inhibit Ca2+ channel function. In vascular smooth muscle, this
leads to relaxation, especially in arterial beds. These drugs also may produce negative inotropic
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and chronotropic effects in the heart. All CCBs relax arterial smooth muscle; they have little effect
on most venous beds and hence do not affect cardiac preload significantly.
Dihydropyridine (DHP) CCBs tend to be more potent vasodilators than non-dihydropyridine (nonDHP) agents, whereas the latter have more marked negative inotropic effects. Both subclasses
have a similar capacity to lower BP; however, non-DHPs appear to offer potential advantages in
the management of patients with chronic kidney disease and diabetic nephropathy (Frishman,
2006).
The Ca2+ channel antagonists include:
Phenylalkylamines which predominantly act as negative inotropes and chronotropes at cardiac
level (Tocci et al., 2015) e.g. Verapamil.
Dihydropyridines mostly act as dilating agents at peripheral vessel level (Tocci et al., 2015), e.g.
Nifedipine, Amlodipine, Felodipine, Isradipine, Nicardipine, Nisoldipine, and Nimodipine.
Benzothiazepines which have an intermediate profile (Tocci et al., 2015) .e.g. Diltiazem.
Diarylaminopropylamine e.g. Bepridil.
The dihydropyridines are more potent vasodilators than verapamil, which is more potent than
diltiazem (Brunton et al., 2008).
First generation CCBs (Nifedipine, Verapamil, and Diltiazem) are characterized by short-acting
therapeutic actions, which limit their clinical effectiveness due to potential risk of drug-related
adverse reactions (e.g., peripheral edema (dihydropyridine CCBs), reflex tachycardia, and skin
reactions), (Tocci et al., 2015).
Second-generation CCBs, including Manidipine (Cheer et al., 2001; Rizos et al., 2011),
Felodipine (Black et al., 2001; Morgan et al., 2001) and Nicardipine.
Third-generation CCBs, including Lacidipine, Lercanidipine (Barrios et al., 2006; Chia, 2009)
Barnidipine, and Amlodipine, were characterized by high selection for vascular calcium channels
and favorable pharmacokinetic and pharmacodynamic profile.
Ca2+ channel antagonists are used as antiarrhythmic agents, for the treatment of hypertension,
angina, and myocardial infarction and for the treatment of heart failure (Brunton et al., 2008).
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Adverse Effects of Ca2+ Channel Antagonists (CCBs)
The most common side effects caused by the Ca2+ channel antagonists, particularly the
dihydropyridines, are due to excessive vasodilation. Symptoms include dizziness, hypotension,
headache, flushing, digital dysesthesia, and nausea. Peripheral edema particularly of the lower
limbs is one of the most common adverse effects of dihydropyridine calcium channel blockers and
may result in the need for dose reduction or drug withdrawal (Weir, 2002). It has been thought to
occur secondary to arteriolar dilatation causing intracapillary hypertension and fluid extravasation
(Makani et al., 2011).
Patients also may experience constipation, coughing, wheezing, and pulmonary edema. Less
common side effects include rash, somnolence, and occasional minor elevations of liver function
tests.

2.3.2.5 Angiotensin Converting Enzyme Inhibitors (ACEIs)
The renin–angiotensin–aldosterone system (RAAS) involves a series of enzymatic pathways
which regulate vascular tone, salt and water metabolism (Figure 2.6). Angiotensin II is the main
effector peptide of the RAAS and the initiator of many pathogenic processes associated with
RAAS activation (Dzau, 2001; Abramov et al., 2012).
These drugs inhibit the conversion of angiotensin I (AngI) to the active angiotensin II (AngII).
Since ACEIs increase bradykinin levels and bradykinin stimulates prostaglandin biosynthesis,
bradykinin and/or prostaglandins may contribute to the pharmacological effects of ACEIs (Figure
2.7).
Examples of ACEIs are: Captopril, Enalapril, Lisinopril, Benazepril, Quinapril, Moexipril,
Ramipril, Trandolapril, Perindopril, and Fosinopril (Brunton et al., 2008).
Adverse Effects of ACE Inhibitors
Hypotension: Pronounced first dose hypotension may occur at the start of therapy with ACEIs
(Prabhu et al., 2004).
Cough: In 5–20% of patients, ACEIs induce a dry cough which usually develops between one
week and six months after initiation of therapy (Bicket, 2002). It may be mediated by bradykinin,
substance P, and/or prostaglandins. The intensity of cough is generally mild to moderate, but is
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sometimes severe enough to require discontinuation of the drug (Zamora et al., 2011). Once
ACEIs are stopped, the cough disappears, usually within 4 days (Brunton et al., 2008).
Hyperkalemia: in patients with renal insufficiency or in patients taking K+-sparing diuretics, K+
supplements, beta-adrenergic receptor antagonists, or NSAIDs (Bicket, 2002).
Acute Renal Failure: When renal perfusion pressure is low, AngII helps to maintain adequate
glomerular filtration by constricting the efferent arteriole. Therefore, ACEIs can induce acute renal
insufficiency in patients with bilateral renal artery stenosis, stenosis of the artery to a single
remaining kidney, heart failure, or volume depletion owing to diarrhea or diuretics.
Skin Rash: ACEIs may cause a pruritic maculopapular rash.
Angioedema: ACEIs induce angioedema (a rapid swelling in the nose, throat, mouth, glottis,
larynx, lips, and/or tongue) in 0.1– 0.5% of patients (Brunton et al., 2008). It may be due to
accumulation of bradykinin or inhibition of complement 1–esterase inhibitor. Airway obstruction
and respiratory distress may lead to death (Rasmussen, 2014). One out of 2600 patients using an
ACEI would develop angioedema within the first month of treatment and one out of 1000 would
present the symptom during the first year (Miller et al., 2008).

Figure 2.6: The renin–angiotensin–aldosterone system (RAAS), (Aria Red, 2006)
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Figure 2.7: Mechanism of action of Angiotensin Converting Enzyme Inhibitors (ACEIs), (Rasmussen et al.,
2014)

2.3.2.6 Angiotensin II Receptor Antagonists (ARBs)
The ARBs were developed to overcome several of the deficiencies of ACEIs. ARBs bind to the
AngII (AT1) receptor. ARBs potently and selectively inhibit most of the biological effects of
AngII, including AngII–induced (1) contraction of vascular smooth muscle, (2) rapid pressor
responses, (3) slow pressor responses, (4) thirst, (5) vasopressin release, (6) aldosterone secretion,
(7) release of adrenal catecholamines, (8) enhancement of noradrenergic neurotransmission, (9)
increases in sympathetic tone, (10) changes in renal function, and (11) cellular hypertrophy and
hyperplasia (Barreras et al., 2003, Brunton et al., 2008).
ARBS are used for the treatment of hypertension, congestive heart failure. Losartan and irbesartan
also used for diabetic nephropathy (Barreras et al., 2003).
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Examples of ARBs: Losartan, Valsartan (Burnier et al., 2000; Khairnar et al., 2012), Irbesartan
(Husain et al., 2011), Candesartan Cilexetil (Husain et al., 2011; Khairnar et al., 2012),
Telmisartan (Burnier et al., 2000; Khairnar et al., 2012), Eprosartan (Khairnar et al., 2012),
Olmesartan Medoximil (Sabbah et al., 2013), Azilsartan (Sabbah et al., 2013).
Adverse Effects of Angiotensin II Receptor Antagonists (ARBs)
In general, all ARBs are well tolerated (Weir, 2004; Sabbah et al., 2013).
1. Losartan has been shown to increase urinary uric acid excretion. The uricosuric effect of
losartan is due to a specific effect of losartan potassium on urate transport in the renal proximal
tubule and is independent of angiotensin II receptor blockade (Burnier et al., 2000; Barreras
et al., 2003; Khairnar et al., 2012).
2. The frequency of cough in ARB-treated patients is significantly lower than in those taking
ACEIs or diuretics, and comparable to that with placebo (Rodgers et al., 2001; Pfeffer et al.,
2003; Wu et al., 2004).
3. ARBs may be associated with a lower incidence of angioedema than that observed with ACEIs
because they selectively block the angiotensin type I receptor and are not known to affect
bradykinin (Hernandez et al., 2002; Howes et al., 2002).
4. ARBs may cause reductions of hemoglobin, hematocrit and RBC count, and a greater increase
of serum potassium level (Nishida et al., 2012).
All of the ARBs are pregnancy category C for the first trimester and category D for the second and
third trimesters (Barreras et al., 2003).

2.3.2.7 Central α2-Agonists
They lower blood pressure primarily by stimulating α2 adrenergic receptors in the brain, which
reduces sympathetic outflow from the vasomotor center and increases vagal tone. Stimulation of
presynaptic α2-receptors peripherally may contribute to the reduction in sympathetic tone.
Consequently, there may be decreases in heart rate, cardiac output, total peripheral resistance,
plasma renin activity, and baroreceptor reflexes.
Chronic use results in sodium and fluid retention. Other side effects may include depression,
orthostatic hypotension, dizziness, and anticholinergic effects. Abrupt cessation may lead to
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rebound hypertension, which is thought to result from a compensatory increase in norepinephrine
release that follows discontinuation of presynaptic α receptor stimulation (Wells et al., 2009).
Clonidine
Clonidine acts centrally to decrease sympathetic nervous system outflows and peripherally to
decrease norepinephrine (NE) release from sympathetic nerve terminals, so reducing peripheral
vascular resistance, and lowering blood pressure (Aggarwal et al., 2001). In patients with
pheochromocytoma, failure of clonidine to reduce plasma NE constitutes a positive diagnostic test
result (Eisenhofer et al., 2003). Conversely, the combination of a high plasma NE level and a
large fall in blood pressure in response to clonidine may identify patients with “hypernoradrenergic
hypertension” (Goldstein, 2010).
Methyldopa
Methyldopa is an analog of DOPA and is a prodrug which is decarboxylated to produce αmethylnorepinephrine after it crosses the blood-brain barrier (BBB). This metabolite stimulates
central inhibitory α-adrenergic receptors in the brainstem, thereby reducing peripheral resistance
and lowering blood pressure (Brunton et al., 2008; Mah et al., 2009). Methyldopa rarely may
cause hepatitis or hemolytic anemia. A transient elevation in hepatic transaminases occasionally
occurs. A Coombs-positive hemolytic anemia occurs in less than 1% of patients receiving
methyldopa. For these reasons, methyldopa has limited usefulness in the management of
hypertension except in pregnancy (Wells et al., 2009).
Other central α2-Agonists: Guanfacine and Guanabenz

2.3.2.8 Direct Renin Inhibitors (DRIs)
Direct Renin Inhibitors directly inhibit renin which catalyzes the first and rate-limiting step of the
RAAS cascade and has high specificity for angiotensinogen, therefore reducing synthesis of all
subsequent components of the cascade. One of the most important of these components is
angiotensin (Ang) II (Stanton et al., 2003; Gradman et al., 2005; McMurray et al., 2008;
Solomon et al., 2009).
Aliskiren is the first in a new class of orally effective renin inhibitors and is a potent inhibitor of
human renin (Stanton et al., 2003; Gradman et al., 2005; Zheng et al., 2010). Aliskiren
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effectively blocks the formation of both Ang I and Ang II, and decreases plasma and urine
aldosterone levels (Nussberger et al., 2002; Stanton et al., 2003).
The most common adverse events are fatigue or weakness, hyperkalemia, gastrointestinal
disorders, or headaches, dizziness, or diarrhea, rashes and renal stone (Tabassum, 2011).

2.4 Effect of Antihypertensive Drugs on Blood Glucose Level
Savage et al., 2003, conducted a study to look for IGT and/or IFG and undiagnosed diabetes
among patients with hypertension and patients with ischemic heart disease (IHD). In IHD patients,
the uptake was 83.45% with a yield of 2.47% for undiagnosed diabetes and 12.39% for IGT/IFG.
In hypertensive patients the uptake was 75.84% with a yield of 2.01% for undiagnosed diabetes
and 18.54% for IGT/ IFG (Savage et al., 2003).
Renée et al., 2011, analyzed Minnesota Behavioral Risk Factor Surveillance System data to
describe the proportion of adults with hypertension screened for diabetes. Of Minnesota adults
with self-reported hypertension, 19.6% had a diagnosis of diabetes and 10.7% had a diagnosis of
prediabetes. Nearly one-third of adults with hypertension without diabetes had not received blood
glucose screening in the past 3 years (Kidney, 2014).
“The Captopril Prevention Project (CAPPP)” which used ACEIs and conventional therapy as
diuretics and beta-blockers, and investigated cardiovascular morbidity and mortality in patients
with hypertension reported that, the new-onset diabetes was lower in the captopril group (ACEIs)
than in the conventional therapy group (Reneland et al., 2000).
Yusuf et al., 2001, investigated the effectiveness of Ramipril in preventing diabetes among highrisk persons. It was a randomized, controlled Heart Outcomes Prevention Evaluation trial (HOPE).
Patients (5720) older than 55 years without known diabetes but with vascular disease were
followed up for a mean of 4.5 years. The study was conducted between 1994 and 1999. Patients
were randomly assigned to receive Ramipril, up to 10 mg/d (n = 2837), or placebo (n = 2883).
Diagnosis of diabetes determined from self-report at follow-up visits every 6 months, compared
between the 2 groups. Individuals (102, 3.6%) in the Ramipril group developed diabetes compared
with 155 (5.4%) in the placebo group (relative risk [RR], 0.66; 95% confidence interval [CI], 0.510.85, P<.001).
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Gress et al., 2000 conducted a prospective study of 12,550 adults 45 to 64 years old who did not
have diabetes. The incidence of new cases of diabetes was assessed after three and after six years
by measurement of fasting serum glucose concentrations. Subjects with hypertension who were
taking thiazide diuretics were not at greater risk for the subsequent development of diabetes than
subjects with hypertension who were not receiving any antihypertensive therapy (relative hazard,
0.91; 95% CI, 0.73 to 1.13). Likewise, subjects who were taking ACEIs and CCBs were not at
greater risk than those not taking any medication. In contrast, subjects with hypertension who were
taking BBs had a 28% higher risk of subsequent diabetes (relative hazard, 1.28; 95% CI, 1.04 to
1.57), (Gress et al., 2000).
Dahlöf et al., 2002, assessed cardiovascular morbidity and mortality in the Losartan Intervention
for Endpoint reduction in hypertension study (LIFE). They conducted a double-masked,
randomized, parallel-group trial on 9193 participants aged 55-80 years with essential hypertension
(sitting blood pressure 160-200/95-115 mm Hg) and left ventricular hypertrophy (LVH). They
assigned participants once daily losartan-based or atenolol-based antihypertensive treatment for at
least 4 years and until 1040 patients had a primary cardiovascular event (death, myocardial
infarction, or stroke). The primary composite endpoint occurred in 508 losartan (23.8 per 1000
patient-years) and 588 atenolol patients (27.9 per 1000 patient-years; relative risk 0.87, 95% CI
0.77-0.98, P =0.021). New-onset diabetes was less frequent with losartan (Dahlöf et al, 2002).
Lindholm et al., 2003 studied metabolic outcome during one year in newly detected hypertensives
from results of the Antihypertensive Treatment and Lipid Profile in a North of Sweden Efficacy
Evaluation (ALPINE study). ALPINE study aimed to compare the long-term effect of a low-dose
diuretic (hydrochlorothiazide) alone or in combination with a beta-adrenoceptor (Atenolol) with
that of an ARB (Candesartan) alone or in combination with a CCB (Felodipine) in newly diagnosed
patients with primary hypertension. The objectives included comparisons of the effects on the
glucose metabolism, lipoprotein metabolism, electrolytes, blood pressure, and subjective
symptoms. 392 patients (mean age 55 years, 48% men) were included. Fasting levels of both serum
insulin and plasma glucose increased in the hydrochlorothiazide group, in contrast to unaffected
levels in the candesartan group. Diabetes mellitus was diagnosed in 9 patients during follow-up,
in 8 patients in the Hydrochlorothiazide group (4.1%) and in one patient (0.5%) in the candesartan
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group (P = 0.030). Antihypertensive treatment with a diuretic, if needed combined with a BBs,
was associated with an aggravated metabolic profile (Lindholm et al., 2003).
Mancia et al., 2003, assessed outcomes in patients with hypertension and diabetes who received
Co-amilozide (hydrochlorothiazide and amiloride) or Nifedipine in the International Nifedipine
GITS Study. Participants were from 55 to 80 years of age, with hypertension (150/95 or 160 mm
Hg) and at least one additional cardiovascular risk factor. Patients received 30 mg Nifedipine once
daily or Co-amilozide (25 mg hydrochlorothiazide and 2.5 mg amiloride) daily. Doses were
doubled if target blood pressures (140/90 mm Hg) were not achieved. Primary (composite of
cardiovascular death, myocardial infarction, heart failure, and stroke) and secondary outcomes
(composite of primary outcomes, including all-cause mortality and death from vascular and
nonvascular causes) were assessed. Among patients without diabetes at baseline (n= 5019), there
was a significant difference in the incidence of new diabetes (Nifedipine 4.3% versus Coamilozide 5.6%, P= 0.023), (Mancia et al., 2003).
Vermes et al., 2003, conducted a retrospective study to assess the effect of the ACEI Enalapril on
the incidence of diabetes in the group of patients from the Montreal Heart Institute enrolled in the
Studies of Left Ventricular Dysfunction (SOLVD). A diagnosis of diabetes was made when a FPG
126 mg/dl (7 mmol/L) was found at 2 visits (follow-up, 2.91.0 years). Of the 391 patients enrolled,
291 were not diabetic (FPG 126 mg/dl without a history of diabetes), 153 of these were on
Enalapril and 138 were on placebo. Baseline characteristics were similar in the 2 groups. 40
patients developed diabetes during follow-up, 9 (5.9%) in the Enalapril group (hazard ratio, 0.22;
95% CI, 0.10 to 0.46; P= 0.0001) and 31 (22.4%) in the placebo group (P= 0.0001). The effect of
Enalapril was striking in the subgroup of patients with impaired FPG (110 mg/dl <FPG< 126
mg/dl) at baseline: one patient (3.3%) in the Enalapril group versus 12 (48.0%) in the placebo
group developed diabetes (P= 0.0001), (Vermes et al., 2003).
Jong et al., 2009, conducted a retrospective cohort study using data from claim forms provided to
the central region branch of the Bureau of National Health Insurance in Taiwan from January 2002
to December 2007. Prescriptions for antihypertensive drugs before the index date were retrieved
from a prescription database. They estimated the odds ratios (ORs) of NOD associated with
antihypertensive drug use; nondiabetic subjects served as the reference group. A total of 4233
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NOD cases were identified in 24,688 hypertensive patients during the study period. The results of
this study suggested that hypertensive patients who took ACEIs, ARBs, or alpha-blockers were at
a lower risk of NOD. Diuretics, BBs, and CCBs were associated with a significant increase in the
risk of NOD (Jong et al., 2009).
Hasvold et al., 2014, conducted a retrospective cohort study to assess the prevention of type 2
diabetes and cardiovascular disease (CVD) in patients treated with ARBs or ACEIs. Patients
initiated on Enalapril or Candesartan treatment in 71 Swedish primary care centers between 1999
and 2007 were included. The 11725 patients initiated on Enalapril and 4265 on Candesartan.
During a mean follow-up of 1.84 years, 36 482 patient-years, the risk of new diabetes onset was
lower in the candesartan group (hazard ratio (HR) 0.81, 95% CI 0.69–0.96, P= 0.01) compared
with the Enalapril group (Hasvold et al., 2014).
Karnes et al., 2014, conducted an observational, non-randomized, open label, follow-up study of
the Pharmacogenomic Evaluation of Antihypertensive Responses (PEAR) and PEAR-2 studies.
Previous participants (40) from the PEAR or PEAR-2 studies with at least six months of
continuous treatment with either Hydrochlorothiazide (HCTZ) or Chlorthalidone were enrolled.
Results indicate that prolonged thiazide treatment duration is associated with increased FBG and
that overall glycemic status worsens when thiazide/thiazide-like diuretics are combined with BBs
(Karnes et al., 2014).
Liou et al., 2015, retrospective cohort study, Data in this study were obtained from claim forms
submitted to the Taiwan Bureau of National Health Insurance in central Taiwan during the period
2006–2011. Of the 20,108 female patients with CAD at baseline, 2288 patients developed NOD
during the 6-year follow-up. Women with hypertension who took ACEIs (OR, 0.92; 95% CI, 0.84–
1.00), ARBs (OR, 0.92; 95% CI, 0.82–0.99), and α-blockers (OR, 0.88; 95% CI, 0.79– 0.98) were
at lower risk of NOD and that used diuretics (OR, 1.10; 95% CI, 1.01– 1.20), BBs (OR, 1.12; 95%
CI, 1.04–1.21), and CCBs (OR, 1.10; 95% CI, 1.02–1.18) was associated with a significantly
increased risk of developing NOD during the 6-year follow-up (Liou et al., 2015).
Recent large-scale clinical studies reported a remarkably consistent reduction in the incidence of
type 2 diabetes in hypertensive patients treated with either ACEIs or ARBs for 3-6 years, compared
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with a thiazide diuretic, beta-adrenoceptor antagonist, the calcium channel antagonist amlodipine
or even placebo. The relative risk reduction averaged 30% (P< 0.001) in the ALLHAT
(Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial) with Lisinopril
compared with Chlortalidone (Sierra et al., 2003), and 25% (P= 0.09) in the SCOPE (Study on
Cognition and Prognosis in the Elderly) with Candesartan Cilexetil compared with placebo (Elliott
et al., 2007), and 23% (P< 0.0001) in the VALUE (Valsartan Antihypertensive Long-term Use
Evaluation) trial with valsartan compared with amlodipine (Julius et al., 2004). All these studies
considered the development of diabetes as a secondary endpoint, except the HOPE trial where it
was a post hoc analysis. These encouraging observations led to the initiation of two large,
prospective, placebo-controlled randomized clinical trials whose primary outcome is the
prevention of type 2 diabetes: the DREAM (Diabetes Reduction Approaches with Ramipril and
Rosiglitazone Medications) trial with the ACEI, Ramipril and the NAVIGATOR (Nateglinide
And Valsartan in Impaired Glucose Tolerance Outcomes Research) trial with the ARB, valsartan.
A limited number of studies have evaluated the capacity of Aliskiren to affect glucose metabolism.
In a recent study, hypertensive patients with abnormal LV diastolic dysfunction but with normal
LV systolic function (n = 78) were randomized to Aliskiren (up to 300 mg/d) treatment or control
group which was treated with β-blockers or CCBs (De Rosa et al., 2014). Fasting insulin and
glucose remained unchanged in the Aliskiren group, in contrast to the control group where an
increase in both fasting insulin (P= 0.03) and glucose (P= 0.003) were observed. In another
double-blind trial, patients with diabetes mellitus and hypertension (n = 837) were randomized to
once-daily Aliskiren (150 mg titrated to 300 mg after four weeks), Ramipril (5 mg titrated to 10
mg) or the combination for eight weeks. No changes in HbA1c and fasting plasma glucose were
observed in any treatment group (Uresin et al., 2007). Another study randomized hypertensive
patients with metabolic syndrome to Aliskiren (300 mg/d) or losartan (100 mg/d). At study end
patients performed an euglycemic hyperinsulinemic clamp and insulin sensitivity was assessed by
glucose infusion rate. Insulin resistance improved only in the Aliskiren group compared with
losartan group (Fogari et al., 2010).
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Chapter III
Methodology
3.1 Study Design
This study was a cross sectional comparative study in which the prevalence of prediabetes and
new onset diabetes (NOD) was evaluated among hypertensive patients in Gaza. The risk for
prediabetes or NOD was compared between antihypertensive drugs commonly used in Gaza. All
patients filled a written questionnaire.

3.2 Study Setting:
The study was performed at hypertensive outpatients of primary health care (PHC) centers of
Palestinian Ministry of Health (MOH) and UNRWA health care centers in Gaza.

3.3 Study Population:
The patients participating in the study were hypertensive patients treated with diuretics, calcium
channel blockers (CCBs), angiotensin converting enzyme inhibitors (ACEIs), angiotensin II
receptor blockers (ARBs), β-blockers, or combination of them from both genders, they were
selected from PHC centers of Palestinian MOH and UNRWA in Gaza after they filled a
questionnaire about age, gender, height, weight, body mass index (BMI), smoking, duration of
hypertension, medication of hypertension, family history of diabetes and blood pressure (systolic
and diastolic).

3.4 Eligibility Criteria
3.4.1 Inclusion Criteria:
1. Age: 30 – 70 years.
2. Sex: both genders.
3. Residency: Gaza.
4. Medical history: hypertensive patients without diabetes taking antihypertension
medications for at least 6 months.
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3.4.2 Exclusion Criteria:
1. Patients who had diabetes type 2.
2. Patients with cancer or any life-threatening disease.
3. Newly diagnosed hypertensive patients.
4. Patients with chronic disease that are treated with corticosteroids.
5. Pregnant women.

3.5 Study Period:
The study was carried out from April 2015 and completed by December 2015.

3.6 Drug therapy history:
Patients should be on any group of antihypertensive medications.

3.7 Sample size and sampling method:
Hypertensive patients (n= 567) were screened for undiagnosed new-onset diabetes and prediabetes
(IGT and/or IFG). Participated Patients were signed into groups:
 According to their antihypertensive medication as follows:
1.

Diuretics monotherapy group.

2.

-Blockers monotherapy group.

3.

Calcium channel blockers (CCBs) monotherapy group.

4.

Angiotensin converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers
(ARBs) monotherapy group.

5.

Diuretics plus -Blockers combination group.

6.

Diuretics plus ACEIs or ARBs combination group.

7.

Diuretics plus CCBs combination group.

8.

-Blockers plus ACEIs or ARBs combination group.

9.

CCBs plus ACEIs or ARBs combination group.

10. CCBs plus -blockers combination group.
11. Triple therapy group.
 According to their fasting blood glucose levels as follows:


Normal group: FBG below 110 mg/dl.
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Prediabetes group: FBG from 110 mg/dl to 125 mg/dl.



Diabetes group: FBG more than 126 mg/dl.

3.8 Data Collection
3.8.1 Questionnaire Interview:
Face to face structured interviews were used to fill in the questionnaires which were designated to
match the study need. Most questions were one of two types: the multiple choice questions which
offered several fixed alternatives and Yes or No question which offered a dichotomous choice.
The interviewer explained to all participating patients the importance, the aim and the purpose of
the research study. Also all questions were ideally asked in the same way during the data collection
to achieve a high degree of validity and reliability.

3.8.2 Demographic Socioeconomic Data:
A questionnaire included issues about demographic socioeconomic information: age, gender,
educational background, occupation and smoking.

3.8.3 Medical History Data:
The following data concerning the medical history was collected from patients' files and by using
questionnaire interview:
1. Duration of hypertension.
2. Antihypertensive medications.
3. Duration of using antihypertensive medication.
4. Other chronic medications.
5. Comorbidity (renal disease, heart diseases, or thyroid diseases).

3.8.4 Blood Pressure Measurements:
Blood pressure was measured from the right arm in the sitting position using a standard
sphygmomanometer with appropriate sized cuff, was recorded as the mean of 2 successive
readings (subjects were seated for at least 10 mins. prior to measurements). Systolic BP ≥ 140 or
diastolic BP ≥ 90 mmHg were considered as uncontrolled BP.
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3.8.5 Anthropometric Measurements:
Anthropometric indices as weight, height and body mass index (BMI) were measured.
BMI = Weight (kg) / Height2 (m2); (Farasat et al., 2009).
Table 3.1: Classification of body Mass Index (Farasat et al., 2009).

Underweight

< 18.5

Normal

18.5–24.9

Overweight

25.0–29.9

Obesity Class I

30.0 – 34.9

Obesity Class II

35.0 – 39.9

Obesity Class III (extreme)

> 40

3.8.6 Biochemical Tests:
To screen for prediabetes and new onset diabetes among hypertensive patients, blood samples were
collected from patients participating in the study as follows:
 Venous blood samples were collected from patients after fasting for 8 hours to measure fasting
blood glucose concentration (FBG).


FBG more than 126 mg/dl was considered as diabetic.



FBG from 110 to 125 mg/dl was considered as prediabetic (WHO, 2011).

 Venous blood samples were collected from patients 2hrs after taking a meal [2 Hour Post
Prandial Blood Glucose Test (2HPPBG)] if possible.


2HPPBG more than 200 mg/dl was considered as diabetic.



2HPPBG from 140 to 199 mg/dl was considered as prediabetic.

 Venous blood samples were tested using Spectrophotometer Stat fax 3300 and Glucose kit
QCA.
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3.9 Data Analysis:
To achieve the research goals, both qualitative and quantitative data analysis methods were used.
The Statistical Package for the Social Science (SPSS, 18) was used for analyzing the data. The
researcher used the following statistical tools:
Percentages and Frequencies: This command is used mainly for the purpose of knowing the
variable repeat classes and how take advantage of them in the description of the study sample.
Descriptive statistics such as rang, minimum, maximum, mean and standard deviation were used.
Simple distribution of the study variables and the cross tabulation (for calculating Odds Ratio)
were applied. Continuous variables were presented as mean ± SD.
This study aimed to find out what drug classes might increase or decrease the incidence probability
of elevating blood glucose levels (developing NOD or prediabetes). The odds ratio was used to
measure the incidence probability of NOD or prediabetes in each drug group. If it is greater than
1, the probability of developing NOD among patients who took this drug class is higher than that
among patients who did not take that class of drug. Odds ratio less than 1 indicates that the drug
class has a low probability of being associated with the development of NOD.
One Way Analysis of Variance (ANOVA) to see if there was a statistical significant difference
between the three groups or more of data. The results were accepted as statistical significant when
the P-value less than 5% (p < 0.05).

3.10 Ethical Considerations
1.

Approval from Faculty of Pharmacy at AL-Azhar University-Gaza.

2.

Approval from Postgraduate Studies at AL-Azhar University-Gaza.

3.

Helsinki committee approval before starting to ensure the participants safety during
performance of the study.

4.

Approval letter from UNRWA and Palestinian MOH (from the general director of primary
health care).

5.

Consent form from all patients to ensure their voluntary participation.
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Chapter IV
Results
This chapter contains a brief analysis of the data and hypothesis test, by answering questions about
the study and reviews the most prominent results of the questionnaire, which were reached through
paragraphs of analysis, and the stand on the variables of the study, that included (clinic, age group,
gender, education, and smoking status). A statistical treatment of the data collected from
questionnaires by the use of statistical packages for Social Studies (SPSS) program 18 was done.

4.1 Distribution of the study population
It is illustrated in Table 4.1 that 94.5% of the questionnaires were completely mobilized by the
respondents, while 5.5% of the forms had not been completed and were considered incomplete
forms.
Table 4.1: The percentage of complete and incomplete questionnaires

Questionnaires

Frequency(N)

Percentage%

Complete Questionnaires

567

94.5%

Incomplete Questionnaires (not answered)

33

5.5%

600

100.0

Total

4.1.1 Distribution of the study population by Socio-demographic variables
Table 4.2 shows that 27.2% of the study sample was taken from the UNRWA clinics, 21.5% from
Sabha clinic, 19.4% from Al Rahma Clinic, 14.8% from Sheikh Radwan clinic, 9.2% from Al
Sourani clinic and 7.9% from Al Darage clinic.
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Table 4.2: Distribution of the study population by Socio- demographic variables

Variables
Sabha
Al Rahma
Al Sourani
Clinic (%)
Al Darage

Sheikh Redwan
UNRWA
30-39
Age group
(%)

40-49
50-59
60-70

Gender
(%)
Employment

(%)
Smoking
status (%)

Male
Female
Yes
No
Yes
No
Illiterate

Level of
education
(%)

Elementary
Preparatory
Secondary
University

Normal

Prediabetes

Diabetes

FBG≤110

110<FBG<125

FBG≥126

110
(90.2)
97
(88.2)
48
(92.3)
39
(86.7)
73
(86.9)
143
(92.9)
44
(97.8)
119
(91.5)
196
(89.1)
151
(87.8)
161
(90.4)
349
(89.7)
39
(90.7)
471
(89.9)
48
(90.5)
462
(89.9)
30
(85.7)
113
(90.4)
146
(89)
145
(88.4)
76
(95)

7
(5.7)
10
(9.1)
4
(7.7)
5
(11.1)
9
(10.7)
7
(4.5)
1
(2.2)
9
(6.9)
17
(7.7)
15
(8.7)
11
(6.2)
31
(8)
3
(7)
39
(7.4)
3
(5.6)
39
(7.6)
4
(11.4)
6
(4.8)
14
(8.5)
15
(35.7)
3
(3.7)

5
(4.1)
3
(2.7)

* P-value < 0.05 is considered statistically significant, FBG: Fasting Blood Glucose.

39

0
1
(2.2)
2
(2.4)
4
(2.6)
0
2
(1.6)
7
(3.2)
6
(3.5)
6
(3.4)
9
(2.3)
1
(2.3)
14
(2.7)
2
(3.9)
13
(2.5)
1
(2.9)
6
(4.8)
4
(2.5)
3
(20)
1
(1.3)

Total
122
(21.5)
110
(19.4)
52
(9.2)
45
(7.9)
84
(14.8)
154
(27.2)
45
(7.9)
130
(22.9)
220
(38.8)
172
(30.3)
178
(31.4)
389
(68.6)
43
(7.6)
524
(92.4)
53
(9.3)
514
(90.7)
35
(6.2)
125
(22)
164
(28.9)
163
(28.7)
80
(14.1)

P-value*

0.007

0.04

0.954

0.423

0.395

0.881

Age of the study population:
The majority of participants, 38.8% aged between 50-59 years, and 30.3% aged between 60-70
years and 22.9% aged between 40-49 years and 7.9% between 30-39 years (Figure 4.1).
In the age group 30-39, only one patient (2.2%) had prediabetic blood glucose levels, while no
one had diabetic glucose levels.
In the age group 40-49, nine patients (6.9%) had prediabetic blood glucose levels, while 2 patients
(1.6%) had diabetic glucose levels.
In the age group 50-59, seventeen patients (7.7%) had prediabetic blood glucose levels, while 7
patients (3.2%) had diabetic glucose levels.
In the age group 60-70, fifteen patients (8.7%) had prediabetic blood glucose levels, while 6
patients (3.5%) had diabetic glucose levels.
The percent of patients who had prediabetic or diabetic blood glucose levels significantly increased
with increasing age (P= 0.04).
Gender of the study population:
The majority of the sample were females with a percentage of 68.6% and 31.4% males. Eleven
males (6.2%) had prediabetic blood glucose levels, while 6 males (3.4%) had diabetic glucose
levels. While 31 females (8%) had prediabetic blood glucose levels and 9 females (2.3%) had
diabetic glucose levels without statistically significant P-value (P= 0.954), (Figure 4.2).
Occupation of the study population:
The vast majority of participants do not work (92.4%), 39 patients (97.4%) had prediabetic BG
levels and 14 patients (2.5%) had diabetic BG levels without statistically significant P-value (P=
0.423), (Figure 4.3).
Smoking status of the study population:
Most of the study participants (90.7%) were not smoker, 7.9% of them had prediabetic blood
glucose levels and 2.5% had diabetic glucose levels. While only 9.3% of the participants were
smokers, 5.6% of them had prediabetic blood glucose levels and 3.9% had diabetic glucose levels
without statistically significant P-value (P= 0.395), (Figure 4.4). We estimate the relation between
smoking and FBG in males only. Fifty two males (40.6%) were smokers, 47 of them (29.2%) had
normal blood glucose levels, 3 males (5.8%) had prediabetic blood glucose levels, while 2 males
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(3.9%) had diabetic blood glucose levels without significant P-value (P= 0.966), (Table 4.3,
Figure 4.5).
Table 4.3: Distribution of males by smoking habits

Variables
Smoker
Males (%)
Non smoker

Normal

Prediabetes

Diabetes

FBG≤110

110<FBG<125

FBG≥126

47
(90.3)
114
(90.5)

3
(5.8)
8
(6.3)

2
(3.9)
4
(3.2)

Total

P-value*

52
(29.2)
126
(70.8)

0.966

* P-value < 0.05 is considered statistically significant, FBG: Fasting Blood Glucose.

Education of the study population:
With respect to education, 28.9% of the study respondents had lower secondary education, 28.7%
secondary education, 22% of primary school, 14.1% had university education and 6.2% without
education (illiterate).
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Figure 4.1: Distribution of study population by age group.
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Figure 4.2: Distribution of study population by gender
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Figure 4.3: Distribution of study population by occupation
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Figure 4.5: Distribution of males by smoking habit
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4.1.2 Distribution of the study population by anthropometric and blood pressure
measurements
Table 4.4 shows anthropometric and BP measurements of the study population.
Table 4.4: Distribution of the study population by Anthropometric and Blood Pressure Measurements

Normal

Prediabetes

Diabetes

FBG ≤110

110< FBG <125

FBG ≥126

87.5± 16.1

90.2± 15.0

1.63± 0.09

mean± 𝑆𝐷

Variables

Total

P-value*

101± 18.2

88.1± 16.19

0.002

1.6± 0.07

1.63± 0.08

1.62± 0.09

0.498

33.1± 5.9

35± 5.9

38.3± 7.9

33.4± 6.03

0.001

Under wt.

1
(100)

0
(0)

0
(0)

1
(0.2)

Normal wt.

35
(94.6)

2
(5.4)

0
(0)

37
(6.5)

Over wt.

113
(93.4)

7
(5.8)

1
(0.8)

121
(21.3)

Obesity I

196
(91.2)

17
(7.9)

2
(0.9)

215
(37.9)

Obesity II

91
(86.7)

9
(8.6)

5
(4.7)

105
(18.6)

Obesity III

74
(84.1)

8
(9.1)

6
(6.8)

88
(15.5)

126.6± 12

129.9± 11.8

140± 11.9

127. 2± 12.2

0.001

81.9± 8.6

82.4± 8.5

87.3± 7

82.08± 8.9

0.011

Controlled

402
(91.6)

32
(7.3)

5
(1.1)

439
(77.4)

Uncontrolled

108
(84.4)

10
(7.8)

10
(7.8)

128
(22.6)

Weight (kg)
(mean± 𝑺𝑫)
Height (m)
(mean± 𝑺𝑫)

BMI
(kg/m2)
(%)

Systolic Blood
Pressure (mmHg)
(mean± 𝑺𝑫)
Diastolic Blood
Pressure (mmHg)
(mean± 𝑺𝑫)
BP
(mmHg)
(%)

*P-value < 0.05 is considered statistically significant, SD: Standard Deviation, FBG: Fasting Blood Glucose.
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0.015

0.001

Weights of the study population:
The weights of participants ranged from 45 to 141 kg with a mean of 88.1± 16.19 kg, the mean of
weights in the normal blood glucose level group was 87.5± 16.1 kg, in the prediabetic group was
90.2± 15 kg, while in the diabetic group the mean of weights was 101± 18.2 kg with a significant
P-value (P= 0.002).
Heights of the study population:
The heights were between 1.4 and 1.92 meters with a mean of 1.62± 0.09 meters. For normal group
the mean height was 1.63± 0.09 m, and 1.6± 0.07 m, 1.63± 0.08 m for prediabetic and diabetic
group respectively without significant P-value (P= 0.498).
Body Mass Index (BMI) of the study population:
The BMI (kg/m²) was between 18.31 and 56.08 (kg/m²) with a mean of 33.4± 6.03 kg/m². The
BMI in the normal group, the prediabetic and diabetic group was 33.1± 5.9, 35± 5.9, and 38.3±
7.9 kg/m2 respectively with a significant P-value (P= 0.001) for the diabetic group. One patient
only (0.2%) was underweight with normal glucose level.
Thirty seven patients (6.5%) had normal weight, two patients (5.4%) had prediabetic glucose level
and no patient had diabetic glucose level. While 121 patients (21.3%) were overweight, 7 patients
of them (5.8%) had prediabetic glucose levels and one patient (0.8%) had diabetic glucose levels.
Four hundred and eight patients (72%) were obese, 34 patients of them (8.3%) had prediabetic
glucose levels, while 13 patients (3.9%) had diabetic glucose levels.
The percent of patients with prediabetic and diabetic glucose levels significantly increased with
increasing BMI (P= 0.015).
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Figure 4.6: Distribution of the study population by Body Mass Index

Blood Pressure of the study population:
Systolic Blood Pressure was between 100 to 160 mmHg with a mean of 127.2 ± 12.2 mmHg,
126.6± 12 mmHg for normal group, 129.9± 11.8 mmHg for the prediabetic group, and 140± 11.9
mmHg for the diabetic group with a significant P-value (P= 0.001) for the diabetic group.
Diastolic Blood Pressure was between 60 and 110 mmHg with a mean of 82.08± 8.9 mmHg,
81.9± 8.6, 82.4± 8.5, and 87.3± 7 mmHg for normal, prediabetic and diabetic group respectively
with a significant P-value (P= 0.011) for the diabetic group.
By classification of the study population according to their blood pressure whether controlled or
uncontrolled, 128 patients (22.6%) had uncontrolled BP, 10 patients of them (7.8%) had
prediabetic blood glucose levels, and 10 patients (7.8%) had diabetic glucose levels.
The percent of patients with uncontrolled BP who had prediabetic and diabetic glucose levels were
significantly greater than those with controlled BP (P= 0.001).
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Figure 4.7: Distribution of the study population by their blood pressure

4.1.3 Distribution of the study population by medical history
Table 4.5 shows the duration of hypertension. It was between 0.7 to 40 years with a mean 0f 6.59±
5.46 years without statically significant P-value (P= 0.061).

Number of hypertension medications of the study population:
Twelve (1.9%) patients did not answered the question about their hypertension medications. Large
number of participants (n= 215, 38.7%) were taken one drug, 195 (90.7%) patients had normal
blood glucose level, 17 (7.9%) patients were prediabetic, and 3 (1.4%) patients had elevated blood
glucose levels (more than 126 mg/dl).
Patients on two drugs were 241 (38.7%), of them 214 (88.8%) patients had normal glucose levels,
21 (8.7%) patients were prediabetics, and 6 (2.5%) patients were diabetics.
Patients on triple therapy were 99 (17.8%), of them 89 (89.9%) patients had normal glucose levels,
4 (4%) patients were prediabetics, and 6 (6.1%) patients were diabetics.
The percent of patients with diabetic blood glucose levels increased with increasing number of
antihypertensive drugs, 1.4%, 2.5% and 6% for one, two and three drugs respectively.
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Table 4.5: Distribution of the study population by Medical History

Variables
Duration of HTN (year)
One Drug
Hypertension
Medication

Two Drugs
Three Drugs

Duration of taking AHDs
(year) (mean ± SD)
Without
comorbidity

Comorbidity

Heart
diseases
Renal
diseases
Thyroid
disease

Family
History for
DM

Yes
No

Total

Pvalue*

9.50

6.59±5.46

0.061

17
(7.9)
21
(8.7)
4
(4)

3
(1.4)
6
(2.5)
6
(6.1)

215
(38.7)
241
(43.4)
99
(17.8)

0.075

4.62±3.32

5.21±3.89

4.51±3.79

0.76

41
(7.8)
1
(3.3)
0
(0)
0
(0)
28
(9.2)
14
(5.4)

13
(2.5)
1
(3.3)
1
(25)
0
(0)
8
(2.7)
7
(2.7)

524
(92.4)
30
(5.3)
4
(0.7)
9
(1.6)
303
(53.7)
261
(46.3)

Normal

Prediabetes

Diabetes

FBG ≤110

110< FBG <125

FBG ≥126

6.58

5.61

195
(90.7)
214
(88.8)
89
(89.9)
4.48±3.83
470
(89.7)
28
(93.3)
3
(75)
9
(100)
267
(88.1)
240
(91.9)

0.820

0.134

*P-value < 0.05 is considered statistically significant, SD: Standard Deviation, FBG: Fasting Blood Glucose, HTN:
Hypertension, AHDs: Antihypertensive Drugs, DM: Diabetes Mellitus

Duration of taking AHDs of the study population:
Duration of taking AHDs ranged from 0.5 to 29 years with a mean of 4.508± 3.7965 yrs. In the
normal group it was 4.48±3.83, while in the prediabetic and the diabetic group it was 4.62±3.32
and 5.21±3.89 years respectively without significant P-value (P= 0.76). The mean of duration of
taking AHDs was the highest in the diabetic group.
Comorbidity of the study population:
Large number of patients (n= 524, 92.4%) had HTN only without other comorbidity, 470 (89.7%)
patients of them had normal glucose levels, while 41 (7.8%) patients had prediabetes, and 13
(2.5%) patients had diabetes. Thirty patients (5.3%) had heart disease in addition to HTN. Most of
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them, 28 (93.3%) had normal glucose levels, while only one (3.3%) patient was prediabetic, and
only one (3.3%) patient was with diabetic glucose level. Four patients (0.7%) had renal disease
besides HTN, 3 (75%) patients of them had normal glucose level, while only one (25%) had
diabetic glucose level. Nine patients (1.6%) had thyroid disease and all of them had normal glucose
level (Figure 4.8).
The percent of patients who had diabetic glucose levels was the highest in hypertensive patients
with renal disease (25%) followed by those with heart diseases (3.3%) without significant P-value
(P= 0.820).
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Figure 4.8: Distribution of the study population by their comorbidities

Family history for the study population:
Four patients (0.7%) did not answered the question about family history for DM. More than a half
of the study respondents (53.7%) had a family history for DM, while 46.3% did not have family
history for DM. The majority of patients who had family history of DM (n= 267, 88.1%) had
normal levels of glucose, while 28 (9.2%) patients had prediabetes, and 8 (2.7%) patients had
diabetic glucose levels without significant differences between groups (P= 0.134), (Figure 4.9).

49

91.9%

88.1%
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%

5.4%

9.2%

20.00%

2.7%

2.7%

10.00%
0.00%

Yes
Normal BG

No
Prediabetes

Diabetes

Figure 4.9: Distribution of the study population by family history for diabetes

4.1.4 Distribution of the study population by hypertension medications
Table 4.6 and Figure 4.10 show the distribution of hypertension medications among the study
sample. Twelve (1.9%) patients did not answered the question about their hypertension
medications.
Diuretics: Eighteen (3.2%) of the study respondents were taking Diuretics, of them only one
patient (5.6%) had elevated blood glucose level (more than 126 mg/dl).
BBs: Fifty seven patients (10.3%) were taking BBs, 6 of them (10.5%) had prediabetics, and 2
patients (3.6%) had diabetic glucose levels.
ACEIs or ARBs: Fifty five patients (9.9%) were taking ACEIs or ARBs, only 3 of them (5.5%)
had prediabetics and no one had diabetic glucose levels.
CCBs: Eighty five patients (15.3%) were taking CCBs, 8 patients (9.4%) were prediabetics and
no one with diabetic glucose levels.
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Table 4.6: Distribution of the study population by Hypertension Medications

Variables
Diuretics
(%)
BBs
(%)
ACEIs or ARBs
(%)
CCBs
(%)
Diuretics+ BBs
(%)
Diuretics+ CCBs
(%)
Diuretics+ ACEIs or ARBs
(%)
BBs+ ACEIs or ARBs
(%)
BBs+ CCBs
(%)
CCBs+ ACEIs or ARBs
(%)
Triple Therapy
(%)

Normal

Prediabetes

Diabetes

FBG <110

110≤ FBG ≥125

FBG ≥126

17
(94.4)
49
(85.9)
52
(94.5)
77
(90.6)
36
(78.2)
33
(89.2)
44
(89.8)
44
(95.6)
29
(90.6)
28
(90.3)
89
(89.9)

0
(0)
6
(10.5)
3
(5.5)
8
(9.4)
7
(15.2)
3
(8.1)
5
(10.2)
2
(4.4)
3
(9.4)
1
(3.2)
4
(4)

1
(5.6)
2
(3.6)
0
(0)
0
(0)
3
(6.6)
1
(2.7)
0
(0)
0
(0)
0
(0)
2
(6.5)
6
(6.1)

Total
18
(3.2)
57
(10.3)
55
(9.9)
85
(15.3)
46
(8.3)
37
(6.7)
49
(8.8)
46
(8.3)
32
(5.8)
31
(5.6)
99
(17.8)

BBs: beta blockers, ACEIs: angiotensin converting enzyme inhibitors, ARBs angiotensin receptor blockers, CCBs: calcium
channel blockers

Diuretics plus BBs: Forty six patients (8.3%) were taking Diuretics plus BBs, 7 of them (15.2%)
had prediabetics, while 3 patients (6.6%) had diabetic glucose levels.
Diuretics plus CCBs: Thirty seven patients (6.7%) were taking Diuretics plus CCBs, 3 of them
(8.1%) were prediabetics and only one patient (2.7%) had diabetic glucose levels.
Diuretics plus ACEIs or ARBs: Forty nine patients (8.8%) were taking Diuretics+ ACEIs or
ARBs, 5 of them (10.2%) were prediabetics, while no one had diabetic glucose levels.
BBs plus CCBs: Thirty two patients (5.8%) were taking BBs plus CCBs, 3 patients (9.4%) were
prediabetics, while no one had diabetic glucose levels.
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BBs plus ACEIs or ARBs: Forty six patients (8.3%) were taking BBs plus ACEIs or ARBs, two
patients (4.4%) had prediabetes, no one had diabetic glucose levels.
CCBs plus ACEIs or ARBs: Thirty one patients (5.6%) were taking CCBs plus ACEIs or ARBs,
only one patient (3.2%) had prediabetic, and 2 patients (6.5%) had diabetic glucose levels.
Triple Therapy: ninety nine patients (17.8%) were taking triple therapy, 4 patients (4%) had
prediabetic, and 6 patients (6.1%) had diabetic glucose levels.
The percent of patients with diabetic and prediabetic glucose levels was the highest in those taking
Diuretics plus BBs (6.6% and 15.2% respectively).
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Figure 4.10: Distribution of the study population by Hypertension Medications
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4.1.5 Biochemical tests results of the study population
Table 4.7 shows that fasting blood glucose levels (FBG) of the participants ranged from 59 to 215
mg/dl with a mean of 90.59± 17.12 mg/dl, the mean FBG in the normal group was 86.45 ±10.24
mg/dl, while in the prediabetic group it was 117± 4.01 mg/dl, and in the diabetic group it was
155.6± 17.12 mg/dl. Two-hours post prandial blood glucose levels (2-HPPBG) ranged from 75 to
320 mg/dl with a mean of 118.2±40.2 mg/dl, the mean 2-HPPBG level in the normal, prediabetic,
and diabetic groups was 105.27±19.9, 159.1± 17.7, and 242.3± 37.1 mg/dl respectively. Only
27.9% of the study population carried out FBG and 2HPPBG, so we based on FBG results in the
classification of patients.
Table 4.7: Biochemical Tests Results

Variables
FBG
(mean± 𝑺𝑫)
2-HPPBG
(mean± 𝑺𝑫)

Normal

Prediabetes

Diabetes

FBG ≤110

110< FBG <125

FBG ≥126

86.45±10.24

117.55±4.01

105.27±19.9

159.1±17.7

Total

P-value*

155.6±17.12

90.59±17.1

<0.001

242.3±37.1

118.2±40.2

<0.001

*P-value < 0.05 is considered significant, SD: Standard Deviation, FBG: Fasting Blood Glucose, 2-HPPBG: 2 hour post
prandial blood glucose test.

It’s clear from the Table 4.8 and Figure 4.11 that 510 (89.9%) from 567 patients had normal FBG
(less than 110 mg/dl), while 42 (7.4%) patients had FBG between 110 and 125 mg/dl (Prediabetes),
and 15 (2.6%) patients had FBG more than 126 mg/dl (Diabetes).
Table 4.8: Distribution of the study population by their Fasting Blood Glucose Levels

Frequency(N)

Percentage%

Normal (FBG < 110)

510

89.9

Prediabetes (110 ≤FBG ≥125 )

42

7.4

Diabetes (FBG ≥ 126)

15

2.6

FBG (mg/dl)

FBG: Fasting Blood Glucose
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Figure 4.11: Distribution of the study population by their Fasting Blood Glucose Levels

4.2 The Effect of Hypertension Medication on Blood Glucose Levels
Table 4.8 shows the odds ratio (OR) and confidence limits of 95% confidence interval (CI) and
P-value between users and non-users of antihypertension drugs (AHDs).

Monotherapy
BBs were associated with the highest risk of elevating blood glucose and/ or new onset of diabetes
without significant P-value (OR= 1.438; 95% CI, 0.646-3.202; P= 0.372) than other drugs. While
Diuretics, ACEIs or ARBs and CCBs were not associated with increased risk of elevating blood
glucose and/ or new onset of diabetes without significant P-value (OR= 0.489; 95% CI, 0.064,
3.738; P= 0.481, OR= 0.639; 95% CI, 0.222, 1.834, P= 0.401, and OR= 0.859; 95% CI, 0.393,
1.880, P= 0.704 respectively).

Dual combinations therapy
Diuretics plus BBs, Diuretics plus ACEIs or ARBs and Diuretics plus CCBs were associated with
increased risk of elevating blood glucose and/ or new onset of diabetes (OR= 2.617; 95% CI, 1.225,
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5.589; P= 0.010, OR= 1.199; 95% CI, 0.488-2.947; P= 0.692 and OR= 1.026; 95% CI, 0.3513.003; P= 0.963, respectively). Diuretics plus BBs had the highest significant risk.
Dual combination therapy not containing Diuretics were not associated with increased risk of
elevating blood glucose and/ or new onset of diabetes. CCBs plus ACEIs or ARBs (OR= 0.9; 95%
CI, 0.265- 3.056; P= 0.866), BBs plus CCBs (OR= 0.866; 95% CI, 0.256-2.932; P= 0.817), and
BBs plus ACEIs or ARBs (OR= 0.568; 95% CI, 0.171-1.890; P= 0.350).

Triple combination therapy
Triple therapy were not associated with increased risk of elevating blood glucose and/ or new onset
of diabetes (OR= 0.939; 95% CI, 0.458, 1.922; P= 0.863).
Table 4.9: Odds- Ratio and Confidence Limits of AHDs

Odds Ratio

Confidence Limits
95% CI

Diuretics

0.489

0.064 , 3.738

0.481

BBs

1.438

0.646 , 3.202

0.372

ACEIs or ARBs

0.639

0.222 , 1.834

0.401

CCBs

0.859

0.393 , 1.880

0.704

Diuretics+ BBs

2.617

1.225 , 5.589

0.010

Diuretics+ CCBs

1.026

0.351 , 3.003

0.963

Diuretics+ ACEIs or ARBs

1.199

0.488 , 2.947

0.692

BBs+ CCBs

0.866

0.256 , 2.932

0.817

BBs+ ACEIs or ARBs

0.568

0.171 , 1.890

0.350

CCBs+ ACEIs or ARBs

0.900

0.265 , 3.056

0.866

Triple therapy

0.939

0.458, 1.922

0.863

Hypertension Medications

P-value*

*P-value is between users and non-users, BBs: beta blockers, ACEIs: angiotensin converting enzyme inhibitors, ARBs angiotensin
receptor blockers, CCBs: calcium channel blockers
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Chapter V
Discussion

5.1 Background
Hypertension and diabetes mellitus (DM) are frequently coexist, both of which are strong risk
factors for coronary artery and renal diseases (Nishida et al., 2012). In addition, postprandial
hyperglycemia and hyperinsulinemia are considered to be risk factors for atherosclerotic disease
(Temelkova-Kurktschiev et al., 2000; Miyazaki et al., 2008). Hypertension itself may cause
sympathicotonia and trigger hyperinsulinemia (Kitamura et al., 2007). So as hypertension is
associated with impaired glucose tolerance and insulin resistance, this may result in the
development of DM in hypertensive patients (Gress et al, 2000; Taylor et al., 2006). If
hypertension and DM coexist, the risk of cardiovascular disease increases by 2- to 3-folds (Sowers
et al., 2001).
The adverse impact of new-onset DM in treated patients with essential hypertension is well
established (Fukao et al., 2011). It is well known that the renin-angiotensin system-related agents
such as ACEIs and ARBs have potential for preventing new-onset DM (Elliott et al., 2007; Gupta
et al., 2008). While CCBs have neutral effect on blood glucose level and diuretics and BBs have
adverse effect on blood glucose level (Barzilay et al., 2006; Taylor et al., 2006; Elliott et al.,
2007).
This study aimed to assess the prevalence of prediabetes and undiagnosed new-onset diabetes
among treated hypertensive patients in Gaza, and to assess this risk among antihypertension
medication commonly prescribed in Palestinian MOH and UNRWA primary health care centers.

5.2 Demographic Socioeconomic characteristics of the study population
Five hundred and sixty seven hypertensive patients (68.6% of females and 31.4% males) taking
AHDs for at least 6 months visited primary health care centers of PMOH and UNRWA participated
in this study.
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Age of the study population:
Participants between 30-39 years were 45 persons, 2.2% of them had prediabetic state, while no
one had diabetic glucose level. Participants between 40-49 years were 130 patients, 6.9% and 1.6%
of them had prediabetic and diabetic glucose level respectively. Patients between 50-59 years were
220 patients, 7.7% of them had prediabetic blood glucose level, and 3.2% had diabetic glucose
level. Patients between 60-70 years were 172 patients, 8.7% and 3.5% of them had prediabetic and
diabetic glucose level respectively. The percent of patients who had prediabetes or diabetes
significantly increased with increasing age (P= 0.04) this implies that increasing age is a risk factor
for having diabetes. These results are consistent with the results of DECODE Study Group, 2003
which showed that the age-specific prevalence of diabetes and impaired glucose regulation rose with age
up to the seventh and eight decades in both men and women in each study population. Our results are
compatible with that mentioned by WHO, 2016 that the prevalence of IGT varies cross different age group.

Gender of the study population:
Females represented about 68.6 % of the study population without significant P-value (P= 0.954).
This may be due to that the majority of PHC visitors were females and gender is not a direct risk
factor for T2DM. The percent of females with prediabetic blood glucose levels was higher than
males (8% females, 6.2% males), while the percent of males who had diabetic glucose levels was
higher than females (2.3% females, 3.4% males). This showed that there may be gender differences
in glucose regulation. Gender differences in glucose regulation have been observed in several
studies (Kautzky‐Willer et al., 2015). Men and women differ substantially in regard to degrees
of insulin resistance, body composition, and energy balance (Geer et al., 2009). In subjects with
normal glucose metabolism, women usually have higher insulin sensitivity, lower fasting glucose
values and higher stimulated glucose concentrations at least 2 h after oral glucose loading during
an oral glucose tolerance test; therefore, women more often have isolated impaired glucose
tolerance, while men more often have isolated impaired fasting glucose (DECODE Study Group,
2003). Adipose tissue distribution plays a central role in the development of insulin resistance and
obesity-related complications. Men were reported to have more lean mass, women to have higher
adiposity. Men were also found to have more visceral and hepatic adipose tissue, whereas women
had more peripheral or subcutaneous adipose tissue. These differences, as well as differences in
sex hormones may contribute to a more insulin-sensitive environment in women than in men (Geer
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et al., 2009). Differences in gut glucose absorption, with prolonged gut absorption in women, may
be attributed to different anthropometry and may contribute to more pronounced late postprandial
hyperglycaemia in women (Anderwald et al., 2011).
Smoking status of the study population:
The majority of the study population (90.7%) were nonsmokers. In our study smoking habit
showed no significant P-value (P= 0.423) and this is not compatible with most studies that showed
that smoking is a risk factor for having diabetes. This may be due to that the majority of our sample
was female as the large number of PHC visitors were from female and smoking is not common
among females in Gaza.
Willi et al., 2007, conducted a systematic review with meta-analysis of studies assessing the
association between active smoking and incidence of type 2 diabetes and concluded that active
smoking increases the risk of type 2 diabetes, with the highest risk among heavy smokers. Risk
remains elevated for about 10 years after smoking cessation, falling more quickly for lighter
smokers (Luo et al., 2013).

5.3 Anthropometric and Blood Pressure Measurements of the study
population
The sample body weights ranged between 45 and 141 kg with a mean of 88.1 ± 16.19 kg, the mean
weight in the normal blood glucose level group was 87.5± 16.1 kg, in the prediabetic group was
90.2± 15 kg, while in the diabetic group the mean of weights was 101± 18.2 kg with a significant
p-value (P= 0.002) for the diabetic group. This result was compatible with that mentioned by
WHO, which reported that overweight and obesity, together with physical inactivity, are estimated
to cause a large proportion of the global diabetes burden (WHO, 2016).
Body Mass Index of the study population:
The BMI (kg/m²) was between 18.31 and 56.08 (kg/m²) with a mean of 33.4 ± 6.03 (kg/m²). For
normal, prediabetic and diabetic group it was 33.1± 5.9, 35± 5.9, and 38.3± 7.9 kg/m2 respectively
with a significant P-value (P< 0.001) for diabetic group, implying that increasing BMI is a risk
for DM. Higher BMI are associated with increased risk of type 2 diabetes (WHO, 2016). This
result was compatible with the result of Ganz et al., 2014, who conducted a case–control study to
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assess the association between BMI and the risk of being diagnosed with T2DM in the United
States. They concluded that BMI is strongly and independently associated with the risk of being
diagnosed with T2DM. The incremental association of BMI category on the risk of T2DM is
stronger for people with a higher BMI relative to people with a lower BMI. It was also compatible
with the result of Gray et al., 2015, study. This study determined effects of elevated BMI on T2DM
onset and its complications among U.S. elderly. The study found that among DM-diagnosed
individuals, elevated BMIs were associated with progressively higher risk of adverse outcomes.
At least three distinct mechanisms have been proposed to link obesity to insulin resistance and
predispose to type 2 diabetes: 1) increased production of adipokines/cytokines, including tumor
necrosis factor-α, resistin, and retinol-binding protein, that contribute to insulin resistance as well
as reduced levels of adiponectin; 2) ectopic fat deposition, particularly in the liver and perhaps
also in skeletal muscle, and the dysmetabolic sequelae; and 3) mitochondrial dysfunction, evident
by decreased mitochondrial mass and/or function. Mitochondrial dysfunction could be one of
many important underlying defects linking obesity to diabetes, both by decreasing insulin
sensitivity and by compromising β-cell function (Eckel et al., 2011).
Blood Pressure of the study population:
The Systolic Blood Pressure of the study population was between 100 to 160 mmHg with a
mean of 127. 2 ± 12.17 mmHg; 126.6± 12 mmHg for normal group, 129.9± 11.8 mmHg for the
prediabetic group, and 140± 11.9 mmHg for the diabetic group. The diabetic group had
significantly higher systolic blood pressure with a P-value of 0.001.
The Diastolic Blood Pressure was between 60 and 110 mmHg with a mean of 82.08 ± 8.58
mmHg; 81.9± 8.6, 82.4± 8.5, and 87.3± 7 mmHg for normal, prediabetic and diabetic group
respectively. The prediabetic and diabetic groups showed significantly higher diastolic blood
pressure (P= 0.011).
One hundred twenty eight patients (22.6%) had uncontrolled BP, 10 patients of them (7.8%) had
prediabetic blood glucose levels, and 10 patients (7.8%) had diabetic glucose levels.
The percent of patients with uncontrolled BP who had prediabetic and diabetic glucose levels were
significantly greater than those with controlled BP (P= 0.001).
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Our results were compatible with the result of Conen et al., 2007, who examined the relationship
of blood pressure (BP) and BP progression with the subsequent development of type 2 diabetes.
They concluded that baseline BP and BP progression are strong and independent predictors of
incident type 2 diabetes among initially healthy women. Such results were expected due to interrelationship between diabetes and hypertension. Diabetes and hypertension share common
pathways such as Sympathetic Nervous System (SNS), RAAS, oxidative stress, adipokines, and
insulin resistance. These pathways interact and influence each other and may even cause a vicious
cycle. Hypertension and diabetes are both end results of the metabolic syndrome. They may,
therefore, develop one after the other in the same individual (Cheung et al, 2012).

5.4 Medical History of the study population
The duration of hypertension was between 0.7 to 40 years with a mean of 6.59 ± 5.46 years without
significant P-value (P= 0.061) between normal, prediabetic and diabetic group.
Duration of taking AHDs ranges from 0.5 to 29 years with a mean of 4.51± 3.79 years. It was
4.48±3.83, 4.62±3.32, and 5.21±3.89 for normal, prediabetic, and diabetic group respectively. The
mean of the duration of taking AHDs was the highest in the diabetic group without significant Pvalue (P= 0.76).
Comorbidity of the study population:
Large number of patients (n= 524, 92.4%) had HTN only without other comorbidity, 470 (89.7%)
patients of them had normal glucose levels, while 41 (7.8%) patients had prediabetes, and 13
(2.5%) patients had diabetes. Thirty patients (5.3%) had heart disease in addition to HTN. Most of
them, 28 (93.3%) had normal glucose levels, while only one (3.3%) patient was prediabetic, and
only one (3.3%) patient was with diabetic glucose level. Four patients (0.7%) had renal disease
besides HTN, 3 (75%) patients of them had normal glucose level, while only one (25%) had
diabetic glucose level. Nine patients (1.6%) had thyroid disease and all of them had normal glucose
level.
The percent of patients who had diabetic glucose levels was the highest in hypertensive patients
with renal disease (25%) followed by those with heart diseases (3.3%) without significant P-value
(P= 0.820).
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Family History of the study population:
More than half of the study respondents (53.7%) had a family history for DM. The majority of
patients who had family history for DM (n= 267, 88.1%) had normal levels of glucose, while 28
(9.2%) patients had prediabetic state, and 8 (2.7%) patients had diabetic glucose levels. The percent
of hypertensive patients who had family history of DM and prediabetic blood glucose levels is
higher than that for those without family history (9.2%, 5.4% respectively) without significant Pvalue (P= 0.134). The percent of patients with diabetic blood glucose levels was the same in those
with family history for DM and those without. Although family history of DM is one of the major
risk factors for T2DM (Saudek et al., 2008).
The vast majority of the study respondents (n= 510, 89.9%) had normal FBG (less than 110 mg/dl),
while 42 (7.4%) patients had FBG between 110 and 125 mg/dl (Prediabetes), and 15 (2.6%)
patients had FBG more than 126 mg/dl (Diabetes).
Savage et al., 2003, conducted a study to look for IGT and/or IFG and undiagnosed diabetes
among patients with hypertension and patients with ischemic heart disease (IHD). In hypertensive
patients, 2.01% had undiagnosed diabetes and 18.54% had IGT/ IFG (Savage et al., 2003).

5.4.1 Hypertension medications of the study population
We evaluated the effect of different AHDs and their combinations on the blood glucose levels of
hypertensive patients.
Of the many drugs evaluated, we found that the use of BBs was associated with increased risk of
elevating blood glucose and/ or new onset of diabetes (OR= 1.438; 95% CI, 0.646-3.202; P=
0.372). While Diuretics, ACEIs or ARBs and CCBs were not associated with increased risk of
elevating blood glucose and/ or new onset of diabetes (OR= 0.489; 95% CI, 0.064-3.738; P=
0.481, OR= 0.639; 95% CI, 0.222-1.834; P= 0.401 and OR= 0.859; 95% CI, 0.393-1.880; P=
0.704 respectively) without significant P-value.
Our findings about BBs were in contradiction with that of Padwal et al., 2004 who reported that
the use of BBs was not associated with NOD. But our results were compatible with that of Jong
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et al., 2009 and Liou et al., 2015 who reported that BBs were associated with the highest risk for
NOD compared with other AHDs.
Several possible mechanisms may be responsible for the disadvantageous effect of β-blockers have
been described. Treatment with conventional β-blockers leads to an unopposed α1-activity which
causes vasoconstriction and decreased blood flow to the muscles, an important organ in the
regulation of glucose homeostasis. As a result, a decrease in insulin-stimulated glucose uptake
would occur, leading to insulin resistance. Furthermore, β-blockers can also decrease the first
phase of insulin secretion from pancreatic β cells. In addition, treatment with β-blockers can also
lead to weight gain (Rizos et al., 2014). Since increased body weight is strongly associated with
insulin resistance (Ye, 2013). This effect of β-blockers can further deteriorate glucose homeostasis.
Our results on Diuretics monotherapy is compatible with the result of The Atherosclerosis Risk
in Communities (ARIC) study that assessed the incidence of new-onset diabetes (NOD) after 3
and 6 years on 12,550. In this study patients who received thiazide diuretics were not at greater
risk for the subsequent development of diabetes than the subjects with hypertension who were not
receiving any antihypertensive therapy and only subjects with hypertension who were taking BBs
had a 28% higher risk of subsequent diabetes (Gress et al., 2000). But this study was in
contradiction with the result of Diuretics monotherapy, the study of Barzilay et al., 2006, that
conducted a post-hoc analysis of the Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT). At 2 years of follow-up, patients receiving chlorthalidone had the
greatest increase in mean fasting glucose level (8.5 mg/dL) compared with those receiving
amlodipine (5.5 mg/dL) or lisinopril (3.5 mg/dL) (P< 0.001 for trend). The risk of developing
diabetes was lower with lisinopril (OR=0.55; 95% CI, 0.43–0.70) and amlodipine (OR=0.73; 95%
CI, 0.58–0.91) compared with chlorthalidone. This contradiction may be due to the small sample
of patients taking diuretics monotherapy, as most hypertensive patients do not achieve sufficient
control for their hypertension with diuretics only and mostly they need to add other AHDs. This
reflects the detrimental effect of Diuretics on glucose levels.
If a high-dose diuretic has a negative effect on glucose metabolism, it may be related to
hypokalemia (Cutler, 2006). Perhaps through an impaired insulin secretion by pancreatic betacells. Also diuretic-induced hyperuricemia was associated with impaired glucose tolerance effect.
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Analysis of the SHEP data showed that each 0.5 mEq/L decrease in serum potassium during the
first year of treatment was associated with a 45% higher adjusted diabetes risk (Shafi et al., 2008).
Carter, 2008 conducted a meta-analysis of 59 studies involving 83 thiazide treated groups. He
found a significant correlation between the degree of diuretic induced hypokalemia and an increase
in plasma glucose concentrations. Zillich et al., 2006 found an inverse relationship between
glucose and potassium with thiazide use. However, a prespecified subgroup analysis of metabolic
parameter data from patients participating in the Pharmacogenomic Evaluation of
Antihypertensive Responses (PEAR) study did not confirm a relationship between hypokalemia
and deterioration of serum glucose levels (Smith et al., 2009). Additionally, a decrease in
magnesium can be seen with diuretic treatment. This could also contribute to the disadvantageous
effects of diuretics on glucose homeostasis, since hypomagnesaemia is an independent predictor
of T2DM (Van Dam et al., 2006). Furthermore, thiazide treatment is also associated with visceral
fat redistribution, liver fat accumulation and low-grade inflammation, which in turn increase the
risk of new-onset diabetes (Eriksson et al., 2008).
Our results about CCBs were in contradiction with many studies that have indicated that CCBs are
associated with a greater increase in NOD than ACEIs and ARBs but lower in NOD than BBs and
thiazide diuretics such as Jong et al., 2009 and Loiu et al., 2015. But in agreement with two metaanalyses which showed that CCB therapy is not associated with an increased risk of NOD
compared with placebo (Padwal et al., 2004; Elliott et al., 2007).
Recent studies have indicated that ACEIs and ARBs reduce the risk of developing NOD when
compared with the results for other classes of antihypertensive agents (Gillespie et al., 2005;
Yusuf et al., 2005, Jong et al., 2009; Liou et al., 2015). In the current study, both ACEIs and
ARBs were found to be not associated with NOD in patients with hypertension.
With respect to ARBs use, our results were consistent with the results of many studies such as the
Losartan Intervention for Endpoint (LIFE) Study which found that ARBs significantly reduced
NOD (25%) compared with BBs (Dahlof et al., 2002).
Mechanisms of improvement glucose tolerance and insulin sensitivity through the inhibition of the
renin-angiotensin system (RAS) are complex. They may include improvement of blood flow and
microcirculation in skeletal muscles and thereby, enhancing insulin and glucose delivery to the
insulin-sensitive tissues, facilitating insulin signaling at the cellular level and improvement of
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insulin secretion by the beta cells (Scheen, 2004). Bradykinin may play an important role towards
a beneficial effect on glucose homeostasis. ACE promotes the degradation of bradykinin to
inactive fragments. As a result, ACEIs can increase bradykinin levels. Bradykinin has been shown
to promote insulin sensitivity at the skeletal muscle level. The principal glucose transporter protein
that mediates insulin-stimulated glucose transport into muscle and adipose tissues is the glucose
transporter type 4 (GLUT-4), thus playing a key role in the regulation of glucose homeostasis
(Huang et al., 2007). Angiotensin II decreases GLUT-4 translocation to the cell membrane
(Andreozzi et al., 2004). As a result the RAAS inhibition could promote insulin sensitivity. The
inhibition of AT1 receptors prevented the decline of GLUT-4 in a diabetic rat heart model. Also,
both ACEIs and ARBs have been associated with increase of GLUT-4 protein expression in
skeletal muscle and myocardium in insulin-resistant animal models (Henriksen et al., 2001).
In addition, angiotensin II inhibits adipogenic differentiation of human adipocytes via the AT1
receptor (Janke et al., 2002). Angiotensin II may inhibit preadipocytes recruitment, resulting in
the storage of lipids in muscle and other tissues, thus increasing insulin resistance (Sharma et al.,
2002). As a result, the blockade of RAAS would promote the recruitment of preadipocytes thereby
increasing the number of small insulin-sensitive adipocytes leading to improved insulin sensitivity.
Furthermore, angiotensin II can promote the production of inflammatory cytokines (Engeli et al.,
2003). Inflammatory cytokines promote oxidative stress thus also leading to increased insulin
resistance. Endothelial dysfunction is also associated with insulin resistance. Angiotensin
converting enzyme inhibitors have also been shown to improve vascular function and insulinmediated vascular responses. Furthermore, ACEIs may also have direct beneficial effects on
pancreatic β cells (Lupi et al., 2006). ACE inhibition can lead to vasodilation of blood vessels.
This vasodilation has as a result the increment of total perfused area and thus increases glucose
uptake and insulin sensitivity. The activation of the sympathetic nervous system has also been
associated with insulin resistance. Both ACEIs as well as ARBs have been shown to decrease
levels of catecholamines such as norepinephrine and epinephrine, thus further contributing to
amelioration of insulin resistance.
Potassium levels play a significant role in insulin secretion since hypokalemia substantially
impairs the insulin secretory response to glucose. As a result, the increase in potassium levels by
inhibiting the RAAS may also contribute to the improvement of glucose levels. Moreover,
magnesium has also been shown to affect glucose homeostasis. Magnesium deficiency is
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associated with both a reduced cellular insulin action and impaired insulin secretion. The inhibition
of the RAAS system leads to increased magnesium levels. A pooled analysis of studies using
ACEIs in patients (n = 96) with essential hypertension found that changes in insulin sensitivity
index (ISI) were directly correlated to alterations in serum magnesium levels (Rizos et al., 2014).
Endothelial dysfunction associated with diabetes, obesity, metabolic syndrome, and other insulin
resistant states is characterized by impaired insulin-stimulated nitric oxide (NO) release from
endothelium with decreased blood flow and reduced delivery of substrates and hormones to insulin
target tissues (Vincent et al., 2003). Thus, improvement in endothelial function is predicted to
improve insulin sensitivity. This may be why ACEIs, ARBs, and CCBs are not associated with a
higher risk of type 2 diabetes. Nitric oxide (NO) plays a pivotal role in maintaining vascular health
and protecting against vascular injury under pathological conditions. Angiotensin II activates AT1
receptor resulting in superoxide anion generation, oxidative stress, and endothelial dysfunction
(Pueyo et al., 2000). Both ACEIs and ARBs diminish production of intracellular superoxide
anions by reducing activity of angiotensin II-dependent oxidases in the endothelium and vascular
smooth muscle. This protects endothelium-derived NO from oxidant degradation to inert or toxic
molecules (Nickenig et al., 2002). Also, CCBs activate NO synthase in vitro and enhance both
NO and adenosine production in vivo (Asano et al., 2003).
The present results differ from those of Huang et al., 2013 in Taiwan on Diuretics, BBs, CCBs,
ACEIs, ARBs, alpha-blockers, and vasodilators. That study showed that the risk of NOD was
higher among users of thiazide diuretics and non-dihydropyridine (non-DHP) calcium channel
blockers (CCBs) than among nonusers. Other antihypertensive drug classes were not associated
with risk of NOD. However, these differences may be due to different study periods, smaller
sample size (567 versus 1001), and different population of patients taking different classes of
antihypertensive drugs.
Dual Combination Therapy
Dual combinations that contain Diuretics, such as Diuretics plus BBs, Diuretics plus CCBs and
Diuretics plus ACEIs or ARBs were associated with increased risk of elevating blood glucose
and/ or new onset of diabetes (OR= 2.617; 95% CI, 1.225-5.589; P= 0.010, OR= 1.026; 95% CI,
0.351-3.003; P= 0.963 and OR= 1.199; 95% CI, 0.488-2.947; P= 0.692 and respectively). Our
findings were in agreement with that of Liou et al., 2009, in which Diuretics plus BBs and
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Diuretics plus CCBs had the highest risk estimates of NOD (P < 0.05). But our results were in
contradiction with Liou et al., 2009, study in that Diuretics plus ACEIs or ARBs were not
associated with increased risk for NOD.
The present study showed lower risk for elevating glucose levels with Diuretics plus CCBs than
Diuretics plus BBs and this is compatible with the Anglo-Scandinavian Cardiac Outcomes TrialBlood Pressure Lowering Arm (ASCOT–BPLA) study, which reported that the relative risk of
developing NOD was 30% lower in individuals taking CCB plus Diuretic than that in individuals
taking Diuretic plus BB (Dahlof et al., 2005).
Other dual combination therapy such as BBs plus CCBs, BBs plus ACEIs or ARBs and CCBs
plus ACEIs or ARBs were not associated increased risk of elevating blood glucose and/ or new
onset of diabetes (OR= 0.866; 95% CI, 0.256-2.932; P= 0.817, OR= 0.568; 95% CI, 0.171-1.890;
P= 0.350 and OR= 0.90; 95% CI, 0.265-3.056; P= 0.866 and respectively). Our results were in
contradiction with Liou et al., 2009 study in which BBs plus CCBs was associated with increased
risk for NOD, but in agreement with it in that BBs plus ACEIs or ARBs were not associated with
increased risk for NOD.
Diuretics plus ACEIs or ARBs were associated with higher risk than BBs plus ACEIs or ARBs
and CCBs plus ACEIs or ARBs. Our results were in contrast to Liou et al., 2009, who found that
Diuretic and/or BB plus ARB were not associated with NOD. But our results were compatible to
the results reported by Bakris et al., 2006 that Diuretics plus ARBs had higher risk of new-onset
diabetes compared with CCBs plus ARBs.
Triple Combination Therapy
Triple therapy was not associated with increased risk of elevating blood glucose levels and/ or
NOD (OR= 0.939; 95% CI, 0.458-1.922; P= 0.863). In Liou et al., 2009 study, among the triplecombination therapies, the risk of developing NOD was significantly higher for patients taking
Diuretics plus BBs and CCBs (adjusted OR: 1.28; 95% CI, 1.11-1.56; P< 0.05) than that for nonusers. Our findings were in contradiction with the study of Israili et al., 2007, and Burke et al.,
2007, who demonstrated that most triple combination therapy have been reported to accelerate
NOD in patients with hypertension.
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Chapter VI
Conclusions and Recommendations
6.1 Conclusions
Hypertension is a major public health issue affecting an important percentage of the population.
Hypertensive patients have increased risk for the development and progression of both
microvascular and macrovascular complications.
Hypertension is strongly associated with risk factors that impair glucose homeostasis.
Hypertensive patients have a 2.5-fold higher risk of type 2 diabetes mellitus (T2DM) onset
compared with normotensive subjects.
Diabetes mellitus is a major global public health problem. Concerns regarding new-onset diabetes
(NOD) have been raised because of the economic burden it poses in various countries.
Antihypertensive agents, such as β-blockers and thiazide diuretics have been associated with
detrimental effects on blood glucose in contrast to other classes. Treatment of hypertensive
subjects should be carefully selected as to not further deteriorate an already at risk glucose
homeostasis.
Our findings provide some support for the hypothesis that there are differences in the risk of
developing NOD among the different classes of antihypertensive drugs.
1. Diuretics plus BBs or BBs alone were associated with the highest risk of elevating blood
glucose and/ or new-onset of diabetes.

2. Dual combinations that contain Diuretics, such as Diuretics plus BBs, Diuretics plus CCBs
and Diuretics plus ACEIs or ARBs were associated with increased risk of elevating blood
glucose and/ or new onset of diabetes.
3. Dual combinations that do not contain Diuretics, such as CCBs plus ACEIs or ARBs, BBs
plus CCBs, and BBs plus ACEIs or ARBs were not associated with greater risk for
prediabetes and/ or NOD.
4. Diuretics, ACEIs or ARBs and CCBs monotherapy were not associated with greater risk for
NOD than other AHD.
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6.2 Recommendations
 The overall expected benefits versus the potential risks of AHDs should always be carefully
weighted for each individual patient.
 The use of BBs appears to increase the risk of diabetes, but this adverse effect must be
weighed against the proven benefits of BBs in reducing the risk of cardiovascular events.
 The physician should carefully assess the individual patient’s medical history which often
dictates a particular treatment.
 When there are no contraindications, the antihypertensive drug with the least adverse effect
on glucose can be selected.
 We suggest that in subjects at increased risk of NOD (impaired fasting glucose, obesity,
and metabolic syndrome), diuretics and BBs should be used cautiously, with the lowest
effective dose and plasma glucose levels periodically checked.
 We suggest to avoid Diuretics and BBs in subjects with BP normalized by different classes
of antihypertensive drugs especially in highly risk patients for developing diabetes.
 There should be more interest from health service providers in periodic follow up of blood
glucose levels of hypertensive patients and prediabetes.
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Appendices
Annex 1: Cover Letter and Consent Form

Prevalence of Prediabetes Caused by Antihypertensive Medications in
Hypertensive Patients (Gaza)
Cover Letter and Consent Form
Dear participant,
You are invited to be in the above mentioned research study. You have been selected as a
participant because you meet the criteria for participation.
This study is conducted as a part of the requirement for the master program in pharmaceutical
sciences at the faculty of pharmacy, Al-Azher University, Gaza, Palestine.
The purpose of this study is to evaluate the prevalence of prediabetes caused by antihypertensive
medications in hypertensive patients and to estimate the risk of prediabetes and new onset diabetes
among antihypertensive drugs commonly prescribed in Gaza.
If you agree to be in this study, you need to answer the interviewer’s questions that will be filled
immediately. You weight, height, blood pressure, fasting blood glucose levels and 2 hour post
prandial blood glucose levels will be measured.
Records of data from this study will be kept confidential.
Report or publication will not include any information that will make it possible to identify any
participant individually. It is your decision whether or not to participate in this research study

Researcher
Sabah A. Musallam
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Annex 2: Questionnaire

Questionnaire
Serial Number: ………………

Name: …………………………

Telephone/ Mobile Number: ………………… Date: ………………..…

 Demographic Socioeconomic Data:
1. What is your age?
 35-45 years

 46-55 years

 56-65 years

2. What is your gender?
 Male

 Female

3. Are you employed?
 Yes

 NO

4. Are you smoker?
 Yes

 No

5. The highest level of education you have completed?
 Illiterate

 Elementary

 Secondary

 Preparatory

 University

 Anthropometric Measurements & BP of the patients:
a. Weight (kg) ………………
b. Height (m) ………………
c. BMI (kg/m²) ………………
d. Blood Pressure (mmHg) ………………
89

 Medical history:
1. Duration of hypertension: ………………………………
2. Hypertension medications:
 Diuretics…………………………  𝑩Bs………………...............
 ACEIs………………………….....  ARBs……………………….
 CCBs………………………………  Diuretics+ 𝜷Bs…………….
 Diuretics+ CCBs…………………  Diuretics+ ACEIs…………..
 Diuretics+ ARBs………………….  𝜷Bs+ CCBs………………...
 𝜷Bs+ ACEIs………………………  𝜷Bs+ ARBs………………...
 CCBs+ ACEIs…………………….  CCBs+ ARBs……………....
 Triple therapy………………………………………………………….
3. Duration of taking AHDs: …………………………………………......
4. Chronic medications other than AHDs:…………………..……………..
5. Comorbidity:
 Heart Diseases

 Renal Diseases

Thyroid Diseases

6. Family history for diabetes:
 Yes

 No

 Biochemical Tests:
 Fasting Blood Glucose (FBG): …………………….
 2hour Post Prandial Blood Glucose (2HPPBG): ………………..
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Annex 3: Helsinki Approval
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Annex 4: MOH Approval
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Annex 5: UNRWA Approval
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