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Chapter 1

Abstract



Abstract:

Introduction: Type 2 diabetes mellitus (DM) has got a distinct association with
coronary artery disease (CAD); and diabetic patients have 2-4 fold higher risk
of developing CAD than people without DM [1]. However,

progressive coronary artery disease remains asymptomatic in many cases of
type 2 diabetes and this makes diagnosis difficult at proper time. Objective: To
determine the risk factors for asymptomatic IHD in diabetic patients who
underwent tread mail test. Patients and method: Cross-sectional study, a
structured pre-tested questionnaire was developed to seek information on
demographics of patient, duration of DM, presence of arterial hypertension, F/H
IHD. The questionnaire also used to record observations on various
investigational parameters for each patient (HbA1C, lipid profile,urine for
micoalbuminuria, resting ECG, Echocardiography and . Results. The present
study included 140 diabetic patients from Diabetic Clinic and Al Hawari
genera hospital (44.3% males and 55.7%) females . Exercise ECG Treadmill
test ,(TMT) was positive in 16.4% of the patients , 22.2% was equivocal and
61.4% was negative .Exercise ECG was positive in 22.6% of males and 11.5%
of females, but this difference was not statistically significant ( P = 0.136).
Duration of diabetes was 6 years or more in73.6% of patients, with mean
duration(10.1+ 7.5) .Family history of IHD was detected in 19.3%.
Hypertenson was recorded in 44.3% of the patients. Un-controlled
hypertension was found in 59.3%. Dyslipidemia was recorded in 18.6% of the
patients, exercise ECG results were positive in 19.2% of patients who had
dydipidemia , while positive in 15.8% of patients without dyslipidemia
.However this difference was not statistically significant (P = 0.144). Leve of
HbAlc <7 constitute to 20 % , while >7 constitute to 80% . Exercise ECG
results were positive in 10.7% of patients with level of HbA1c <7 compared to
17.9% in patients with HbAlc >7, but this difference not statisticaly
significant P = (0.257). Microalbuminuria was positive in 29.3% of the patients
.Exercise  ECG results were positive in (29.3%) of patients with
microalbuminurea, compared to 11.1% in patients who were negative for
microabuminurea, this difference was dSatistically significant ( P =
0.0383).Conclusion: 1) From this study we found that the most important risk
factor for asymptomatic IHD in type 2 NIDDM patients were microal buminuria

2) Proportion of silent ischemiain type 2 DM patients was 16.4% in this study,
which was within the limit recorded internationally (10 — 20%).



Recommendation: we recommend screening for IHD with TMT in patients
with DM for early diagnosis and early treatment to get better prognosis for the
diabetic patients.
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I ntroduction

i. Atherosclerotic burden associated with diabetes:

Diabetes mellitusis estimated to affect more than 150 million people
worldwide, with an expected doubling number in the next 25 years, reaching

5.4% of the total adult population [2]

In the United States 17 million people are diabetics, a 95% of whom have type 2
diabetes. Among these 5-6 million are unaware of their condition and do not

receive treatment [ 3,4]

An additional 35 million 20% of al people in the middle- adult life and 35% of
the entire older population- have some degree of abnormal glucose tolerance
and show signs of insulin resistance, this higher-risk group will account for a

significant proportion of CVD and premature mortality. [5]

The incidence of and mortality from all forms of CVD are two to eight fold

higher in persons with diabetes than in those without diabetes[6,7].

Coronary artery disease (CAD) account for 75% of all deaths in individuals
with diabetes [8,9] and as many as 30% of patients presenting with acute

coronary syndromes have the disease [4]



Both in hospital and long-term mortality rates after an acute myocardial

infarction (MI) are twice as high for patients with diabetes as for those without

diabetes (Fig 1) .
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In one popul ation-based study[7] ,the 7 year incidence of first myocardial

infarction or death for patients with diabetes was 20 % but was only 3.5 % for

non-diabetic patients.

A history of myocardial infarction increased the rate of recurrent M.I or

cardiovascular death events for both groups(18.8% in non-diabetic persons and

45% in those with D.M).



Thus patients with diabetes but without previous M.I carry the same level of
risk for subsequent acute coronary events as non-diabetic patients with

previous M.I.

Such results led the adult treatment panel 111 of the national cholesterol
education programme to establish diabetes asa CAD risk equivalent mandating

aggressive anti-atherosclerotic treatment [8].

The increased in the incidence of diabetes, its association with CAD, and the
accompanying high morbidity and mortality make diabetes a serious public-

health issue.



ii. Déefinition and classification:

Diabetes Méllitus is metabolic disorder characterized by chronic hyperglycemia
with disturbances of carbohydrate, fat and protein metabolism resulting from

defects of insulin secretion, insulin action or a combination of both.

Type 1 diabetesis due to alack of endogenous pancreatic insulin production
while the increased blood glucose in type 2 diabetes results from more complex

processes.

Traditionally diabetes was diagnosed based on symptoms due to hyperglycemia,
but during the last decades emphasis has been placed on the need to identify

diabetes and other forms of glucose abnormalities in asymptomatic subjects.

Diabetes mellitusis associated with development of long term organ damage

including retinopathy ,nephropathy, neuropathy and autonomic dysfunction.

Patients with diabetes are at a particularly high risk for cardiovascular,
cerebrovascular and peripheral artery disease.

Four main etiologic categories of diabetes have been identified in diabetes. Type
1, Type 2, other specific types such as Maturity-onset Diabetesin Y oung
(MODY) or secondary to other conditions or diseases e g. surgery and

gestational diabetes.



Thecurrent classification criteria (table 1) have been issued by World

Health Organization (WHQO) and American Diabetes Association (ADA) [9]

The WHO recommendations for glucometabolic classification are based on
measuring both fasting and two hours post-load glucose concentrations and
recommend that 75 g oral glucose tolerance (OGTT) should be performed in the

absence of overt hyperglycemia.

Table 1 criteriaused for glucometabolic classification from WHO (1999 and

2006) and ADA (1997 and 2003)

Glucometabolic Sour ce Classification criteria
mmol/L (ma/dl)
Normal glucose regulation WHO FPG<6.1(110)
+2h PG<7.8(140)
ADA(1997) FPG<6.1(110)
(NGR) ADA(2003) FPG<5.6(100)
Impaired Fasting glucose WHO FPG~6.1(110) and<7(126)
+2hPG<7.8(140)
ADA(1997) v f43443 gnebo<é126)
(IFG) ADA(2003) FPG~5.6(100) and<7(126)
Impaired glucose tolerance \WHO FPG<7(126)+2hPG~7.8
(IGT) And<11.1(200)
Impaired glucose WHO (mRRIPL Yl g/d
(IGH)
Diabetes mellitus (DM)  WHO FPG~7(126) or2h
PG~11.1(200)
ADA(1997) FPG~7(126)

7



| IADA(2003) FPG>7(126) |

Glycated haemoglobin (HbA1,c) is useful for measuring metabolic control and

the efficacy of glucose lowering treatment in people with diabetes.

It represents a mean value of blood glucose during the preceding six to eight

weeks (life span of erythrocytes).

Importantly, new to the diagnostic criteriain 2010, glycosylated haemoglobin

(Alc) level >6.5% has been added.

Diabetes is among the most common chronic disease in the world, affecting an

estimated 180 million peoplein 2008. [10]

Confounding this high global burden is the increasing incidence and prevalence

of type 2 diabetes.

Driven by increasing population age, obesity and physical inactivity as well as
by the increase longevity of patient with diabetes; estimated project that more

than 360 million persons will be affected by diabetes by 2030.

Where as much attention historically has focused on the prevention and
treatment of microvascular disease complications of diabetes (i.e. retinopathy,
nephropathy and neuropathy), cardiovascular disease (CVD) remains the
principle cause of morbidity and driver of mortality in the setting of diabetes-

most commonly in the form of coronary heart disease (CHD), but also in the
8



incremental risk associated with diabetes for cerebrovascular disease, peripheral

vascular disease and heart failure.

ili. Coronary heart diseasein patientswith diabetes:

Traditional CHD risk factors such as hypertension, dyslipidemia and adiposity
cluster in patients with impaired glucose tolerance or diabetes and each

condition directly influence atherosclerosis disease risk.

However, this clustering doesn't completely account for increased risk observed
among patients with diabetes with numerous other implicated mechanisms

(Table.2) [11].

Table .2(Examples of mechanisms implicated in diabetic vascular diseases):

|. Endothelium:

a. Increased 'NF-kB activation.

b. Decrease Nitric Oxide production.

c. Decrease Prostacyclin bioavailability.

d. Increase 'Endothelium activity.

e. Increase 'Angiotensin Il acivity.

f-Increased 'Cyclo-oxygenase 2 activity.

g. Increase thromboxane A2 activiy.

h. Increase reactive oxygen species.




I. Decrease RAGE expression.

2.Inflammation:

a IncreaseIL A 1B,1L6,CD 36, MCP-1

b. Increase ICAMSs, VCMs and selectins

C. Increase activity of protein kinase C

d. Increase AGEs and AGE/RAGE interactions

3.Vascular smooth muscle cells and vascular matrix:

a. Increased proliferation and migration into intima

b. Increased matrix degradation altered matrix components

10




CHD in the patientswith DM (M echanism consider ation linking DM and

atheroscler oss):

The pathobiologic attribution of hyperglycemiato CVD risk per se remains
poorly understood; but given the clear association between severity of,
hyperglycaemiaand CVD risk in both type 1 and type 2 diabetes
Jhyperglycaemiais linking to directly influence atherosclerosis devel opment

,progression and instability [11].

The principle vascular perturbation linked to hyperglycemiainclude
endothelia dysfunction, vascular effects of advanced glycation end products
,adverse effects of circulating free fatty acids ,and increased systemic

inflammation.

Endothelial dysfunction, ahall mark of diabetic vascular diseaseis

associated with increased hypertension and adverse CVD outcomes [12] .

The Myriad mechanisms contributing to endothelial dysfunction include:

Abnormal nitric oxide biology, increased endothelin and angiotensin |1 and
reduced prostacyclin activity, all of which contribute to abnormal control of

blood flow.

In the setting of ACS events, no reflow after percutaneous intervention
reflecting acute endothelia dysfunction occur more commonly in the

presence of diabetes or hyperglycemia and may contribute to increased

11



myocardial injury, resulting in large infarctions, increased arrhythmia and

worse systolic function.

Abnormalitiesin lipid metabolism also contribute to the increased

atherosclerotic risk associated with DM [13].

Diabetic dyslipidemiais characterized by high TG level, low HDL

concentration and increased LDL particles.

Perturbations in the proteo-fibrinolytic system and platel ets biology further
compound the direct vascular effects of diabetes, yielding a constitutive

prothrombotic milieu. [14]

These abnormalitiesinclude increased circulating tissue factors, factor VI,
Von willebrand factor and plasminogen activator inhibitor 1, with decreased
levels of Antithrombin 111 and Protein C. In addition, disturbances of platel ets
activation, aggregation, morphology and life span further contribute to
increased thrombotic potential, aswell as to the accel eration of

atherosclerosis.

12



Table3

Perturbations of platelets structure and function associated with diabetes:

|.Reduced membrane fluidity.

2.Altered Cat+2 and Mg+2 haemostasis .

3.Increased arachidonic acid metabolism.

4.Increased thromoxane A2 synthesis.

5-Decreased nitric oxide and prostacyclin production.

6. Decreased antioxidant levels.

7.Increased expression of activation dependent adhesion molecule e.qg.,
glycoprotein l1b/l11a, P.selectin.

8.Increased platel ets microparticles formation.

9.Increased platel ets turnover.

Increased systemic inflammation portends an increased risk for diabetes and
diabetic atherosclerotic disease and diabetes is associated with increased
oxidative stress and the accumulation of advanced glycation end products.

[15]

For examples, diabetes is associated with lipid rich atherosclerotic plague and
increased inflammatory cell infiltration, increased expression of the receptor
for advanced glycation end products, yielding plaques with characteristics of

higher risk in both coronary and carotid arteries[11,16].

13




iv, Silent myocardial ischemia

The prognostic importanance and mechanisms of silent ischemia have been

the subject of considerable interest for aimost 30 years.

Patients with silent ischemia have been stratified into three categories by

Cohn and associ ates.

Thisfirst and least common form, type 1 silent ischemia, occursin totally

asymptomatic patients with obstructive CAD, which may be sever.

These patients do not experience angina at any time; some type 1 patients do

not even experience pain in the course of M.

Epidemiologic studies of sudden death, aswell as clinical and postmortem
studies of patients with silent M| and studies of patients with chronic angina
pectoris, have suggested that many patients with extensive coronary artery
obstruction never experience angina pectoris in any of its recognized form

(stable, unstable or variant).

These patients with type 1 silent ischemia may be considered to have a

defective angina warning system.

Typell silent ischemiais the form that occurs in patients with documented

previous M.

14



The third and much more frequent forms, designated type I 11 silent ischemia,
occurs in patients with the usual forms of chronic stable angina, unstable
angina, and Prinzmetal angina. When monitored, patients with this form of
silent ischemia exhibit some episodes of ischemia associated with chest
discomfort and other episodes that are not- that is ,episodes of silent
(asymptomatic) ischemia. Thetotal ischemic burden in these patients refers

to the tota period of ischemic, both symptomatic and asymptomatic.

v. Mechanism Of Silent | schemia:

It is not clear why some patients with unequivocal evidence of ischemiado

not experience chest pain, whereas other are symptomatic.

Difference in peripheral and central neural processing of pain have been

proposed as important factors underlying silent ischemia.

PET imaging of cerebral blood flow during painful versus silent ischemia has
pointed toward difference in handling of different signals by the centra

nervous system.

Specificaly, overactive gating of different signals in the thalamus may

reduce the cortical activation necessary for perception of pain from the heart.

Autonomic neuropathy has also been implicated as a reason for reduced
sensation of pain during ischemia. Although increased release of endorphins
may play arolein some patients with silent ischemia, some researchers have

15



suggested that anti inflammatory cytokines are at play in reducing

inflammatory processing that may participates in the genesis of chest pain .

Cardiac autonomic neur opathy and silent

myocar dial ischaemia ;

Autonomic neuropathy is a serious and common complication of diabetes. It
has been estimated that about 20% of asymptomatic diabetic patients have
abnormal cardiovascular autonomic function [17,18]. The risk for
cardiovascular autonomic neuropathy depends on the duration of diabetes
and the degree of glycaemic control. It is caused by injury to the autonomic
nerve fibers that innervate the heart and blood vessals. The hypotheses
concerning its etiology include metabolic insult to nerve fibers,
neurovascular insufficiency, neurohormonal growth factor deficiency and
autoimmune damage [19]. The main consequences are dysfunctional heart
rate control, abnormal vascular dynamics and cardiac denervation, which
become clinically overt as exercise intolerance [20], orthostatic hypotension
[21], intraoperative cardiovascular liability [22] and silent myocardial

ischemia.

16



The earliest sign is often avagal deficiency leaving sympathetic innervations
unopposed. A manifestation of thisisthat diabetic patients tend to have
higher resting heart rate and less heart rate variability during the day than
their non-diabetic counterparts. A clinical setting where this may be
particularly unfavorableis at the onset of a myocardial infarction causing
unnecessary myocardial oxygen consumption in a situation with decreased

nutritional blood supply.

The autonomic nervous system influences coronary blood flow regulation
independently of endothelial cell function. Diabetic patients with sympathetic
nervous system dysfunction have impaired dilatation of coronary resistance
vessals in response to cold pressure testing when compared with diabetics
without defects in cardiac adrenergic nerve density. Global myocardia blood
flow and coronary flow reserve, studied by positron emission tomography in
response to adenosine provocation, were subnormal in diabetics with
cardiovascular autonomic neuropathy. It is obvious that cardiovascular
autonomic neuropathy may provoke ischemic episodes by upsetting the

balance between myocardia supply and demand.

As aresult of autzonomic neuropathy, silent myocardia ischemiais prevalent

in diabetic patients but is often symptomatically apparent only in advanced

17



stages of disease. Instead of typical angina, patients often complain of

shortness of breath, digphoresis, or profound fatigue.

Knowledge on the actual prevalence of cardiovascular autonomic neuropathy
and its related mortality ratesis conflicting. However, different studies and
meta anal yses revea that mortality rates among diabetic subjects with
cardiovascular autonomic neuropathy are many times higher than among
those without. Subject with diabetes and low levels of autonomic function
parameters (baroreflex sensitivity, heart rate variability and classical Ewing
tests) had an approximately double risk of mortality); in the HOORN Study
[23]. In the Detection of Ischemiain Asymptomatic Diabetics (DIAD study)
cardiac autonomic dysfunction, assessed by the Valsalva maneuver, was a
strong predictor of ischemia, whereas traditional and emerging risk factors
were not. Impaired angina perception largely accounts for such an increased
mortality. Indeed, silent myocardial ischaemia delays treatment of acute
coronary events and makes it more difficult to monitor anti-ischemic
treatment or determine whether restenosis has occurred after a coronary
intervention. Although silent myocardia ischemia has a reported prevalence
of 10-20% in diabetic popul ations compared with only 1-4% in non-diabetic
popul ations, routine screening for silent myocardial ischaemiain diabetics
remains debatable. In the DIAD study [24],22% of 522 type 2 diabetic
patients randomized to adenosine stress testing with myocardial perfusion

imaging by means of single photon emission computerized tomography
18



(SPECT) and silent ischemia .This would indicate that that asymptomatic
diabetic patients have at least an intermediate probability of CAD ,
prevalence that may justify routine screening for CAD by non invasive
testing .In a series of 203 diabetic patients [25] , the prevalence of functional
silent myocardial ischemia, assessed by stress ECG and thallium myocardial
scintigraphy , was 15.7% . In this study, the positive predictive value of
exercise was 90% , compared with 63% of thallium myocardial scintigraphy
. Thus, available evidence highlights the need for non invasive screening by
means of stress testing in diabetic subjects, especially considering the high

sengitivity, feasibility and low costs of exercise ECG.

Based on cardiovascular autonomic neuropathy associated coronary blood
flow impairment, misdiagnosed CAD, and the consequently higher risk of
mortality, it is presently recommended that a baseline determination of
cardiovascular autonomic function is performed upon diagnosisin type 2
diabetic and within 5 years of diagnosis for type 1 diabetes, followed by

yearly repeated tests. [26]

vi. ECG Signsin Diabetic Patients

Fibrotic changes, especialy in the basal area of the left ventricle, have
frequently been observed in diabetic patients, even when cardiac involvement
isclinicaly not yet evident. An example of the ECG tracing in a diabetic

patient with no apparent heart disease is given in Figure2.

19



Figure 2. ECG of a 64-year-old woman with type 2 diabetes mellitus without
other risk factors. Note the deep S-wave (arrow) in LI (19 mm) and the high

R-wavein aVvL (15 mm); ECG indicates basal |eft ventricular hypertrophy.

Even in healthy individuas, hyperinsulinemia-induced hypoglycemia can
prolong the QTc interval and decrease T-wave areaand amplitude. [27] In
the Europe and Diabetes (EURODIAB) study [28], on diabetic individuals
with anormal QTc at baseline, female sex and higher values of hemoglobin
A1C and systolic blood pressure were associated with increased risk of
prolonged QTc, whereas physical activity and normal body mass index were
protective factors. Correlation was found between the QT duration and the
amount of coronary calcium,; this association was driven by the QRS and not
by JT interval duration. [29] Okin et a [30] aso found that both QTc
prolongation and ST depression predicted all-cause mortality in patients with
type 2 diabetes mellitus. Genetic variantsin previously identified candidate
genes may be associated with QT interval duration in individuals with

diabetes mellitus. [31], Sawicki et a [32] found QT, dispersion to be the

20



most important independent predictor of total mortality and also an
independent predictor of cardiac and cerebrovascular mortality; these

observations were not confirmed in alater study.[33]

The EURODIAB Insulin-Dependent Diabetes Mellitus Complications Study
(EURODIAB IDDM) [34] investigated 3250 type 1 diabetes patients with an
average diabetes duration of >30 years; the prevalence of |eft ventricular
hypertrophy was found to be 3 times greater than that reported in the general
population of similar age. Okin et a [35] followed up nearly 9000 non
diabetic hypertensive patients. During follow-up, regression or persistent
absence of left ventricular hypertrophy on the ECG during antihypertensive

treatment was associated with alower rate of new-onset diabetes mellitus.

vii .Ambulatory Electrocardiography:

The use of ambulatory e ectrocardiographic monitoring has led to greater
appreciation of the high frequency of type Il silent ischemia, occurring in up

to one third of patients with stable angina treated with appropriate therapy.

It has become apparent that angina pain underestimates the frequency of

significant cardiac ischemia. [36].
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The role of myocardia O2 demand in the genesis of myocardia ischemia has
been evaluated by measuring the heart rate and blood pressure changes

preceding silent ischemic events during ambulatory studies.

In one series, 92% of al episodes were silent, and 60% to 70% were

preceded by significant increase in heart rate or blood pressure.

This and other studies have suggested that increase in myocardial O2 demand

have a significant role in the genesis of silent ischemia

The mechanisms underlying the development of ischemia as detected by
ambulatory electrocardiographic and exercise testing, may be different and,
in patients in the ACIP study, concordance between the ambulatory ECG and

SPECT was only 50%.

For identification of silent ischemia, the two techniques probably

complement each other.

Transient ST-segment depression of 0.1 MV or more that lasts longer than 30

second is rare finding in normal subjects.

Patients with known CAD show a strong correlation between such transient
ST-segment depression and independent measurements of impaired regional
myocardia perfusion and ischemia, determined by rubidium-82 uptake as

measured by PET.

22



In patients with type |11 silent ischemia, perfusion defects occurs in the same
myocardial regions during symptomatic and asymptomatic episodes of ST-

segment depression.

Analysis of ambulatory electrocardiographic recording of patients with CAD
who had symptomatic and silent myocardia ischemia has shown that 85% of
ambulant ischemic episodes occur without chest pain and 66% of angina

reports are unaccompanied by ST-segment depression.

In patients with stable CAD enrolled 1 to 6 months after hospitalization for
an acute ischemic event, only 15% had angina with exercise, but 28% had
ST-segment depression and 41% had reversible myocardial perfusion on

thallium scinitigraphy.

Episodes of silent ischemia have been estimated to be present in
approximately one third of all treated patients with angina, although, a higher

prevalence has been reported in diabetic. [37].

Episodes of ST-segment depression, symptomatic and a symptomatic exhibit

acircadian rhythm and are more common in the morning.

A symptomatic nocturnal ST-segment changes are almost invariably an
indicator of double - or triple vessel CAD or left main coronary artery

stenosis.

Viii. Exercise stresstest
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Exercise stress testing is a non-invasive, safe and affordabl e screening test
for coronary artery disease (CAD), provided that thereis careful patient

selection for better predictive value.

Patients at moderate risk for CAD are best served with this kind of screening,
with the exception of females during their reproductive period, when a high
incidence of false positive results has been reported. Patients with a high
pretest probability for CAD should undergo stress testing combined with
cardiac imaging or cardiac catheterization directly. Data from the test, other
than ECG changes, should be taken into consideration when interpreting the
exercise stresstest since it has a strong prognostic value, i.e. workload, heart
rate rise and recovery and blood pressure changes. The ECG interpretation
with myocardial perfusion imaging follows the same criteria, but the

sengitivity is much lower and the specificity is high enough to overrule the

imaging part.

Exercise stress testing has been used for decades as a noninvasive test to

diagnose and risk stratify coronary artery disease (CAD).

However, it lacks adequate sensitivity, which neverthel ess depends on the
pretest probability of CAD in the population tested. The overal sensitivity

has ranged from 60% to 70% with a specificity of 85% [38,39,40]

I ndications and safety of exercisetesting

24



Although exercise testing is generally a safe procedure, both myocardial
infarction and death have been reported and can be expected to occur at arate
of up to 1 per 2500 tests. Good clinical judgment should therefore be used in

deciding which patients should undergo exercise testing.

Common indications and contraindications are listed in Table 4 The
prognosis of the individual tested is not only linked to the result of the test
whether it is positive or negative, but also depends on the exercise capacity,

heart rate rise, heart rate recovery and blood pressure rise and recovery.

Exercise capacity is based on metabolic equivalents (MET) achieved, (one
MET isdefined as 3.5 mL O2 uptake/kg per min, which is the resting oxygen
uptake in asitting position). Lessthan 5 METS is poor, 5-8 METS isfair, 9-
11 METSisgood, and 12 METS or more is excellent. An inability to
exercise >6 minutes on the Bruce protocol, or an inability to increase heart
rate (HR) to >85% of maximum predicted heart rate (MPHR) are significant
indicators of increased risk of coronary events with a5-year survival ranging

from 50% to 72%.

However, patients who attain >10 METS enjoy an excellent prognosis
regardless of the test result even in the presence of known CAD, with a5-

year survival of 95%.The heart rate should reach or exceed 85% of MPHR

calculated according to the formula, MPHR=220-age. The HR rises
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proportionately with the intensity of the workload. An excessiverisein rate
results primarily from areduced stroke volume, which in turn is often caused
by physical deconditioning, cardiac disease or arrhythmias like atrial
fibrillation or supraventricular tachycardia and other noncardiac
abnormalities like anemia and hypovolemia. In these situations the HR
reaches its peak early, which limits maximum exercise capacity. Animpaired
chronotropic response to exercise as defined by failure to achieve 85% of
MPHR and/or alow chronotropic index (<0.8 of heart rate reserve at peak
exercise) caused by sinus node dysfunction, medications like —blockers, or
ischemia, are occasionally associated with increased mortality and cardiac
events even after adjusting for left ventricular function and the severity of
exercise-induced myocardial ischemia31] The HR should decrease by at least
12 beats in the first minute of recovery, which is mediated through vagal
reactivation. Otherwise, recovery is considered abnormal, which has a bad
prognosis, with a 6-year mortality 2-3 times greater than those with normal

recovery.[41,42]

Blood pressure should increase by at least 10 mm Hg during exercise except
in patients on antihypertensive treatment where a blunted response is
observed. Diastolic blood pressure (DBP) exhibits little or no change (<10

mm Hg) during exercise because of periphera vasodilatation.
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A sustained drop of SBP>10 mm Hg, confirmed within 15 seconds, often
indicates severe left ventricular dysfunction and severe CAD and is an
indication to stop the test immediately and refer for further evaluation and

treatment .

Failure to increase systolic blood pressure by 10 to 30 mm Hg during
exercise testing is an independent predictor of adverse outcome in patients
after myocardial infarction [43]. However, it is crucial to exclude other
causes that could cause adrop in SBP with exercise without the presence of
severe CAD or left ventricular dysfunction, i.e. vasovagal syncope, cardiac
arrhythmias, left ventricular outflow obstruction or hypovolemia. In addition,
an abnormal BP recovery, defined by the SBP at 3 minutes of recovery over
an SBP at 1 minute of recovery >1, is associated with a greater likelihood of

severe angiographic CAD. [44]

An abnormal rise of SBPto alevel > 214 mm Hg in patients with anormal
resting BP predicts an increased risk for future sustained hypertension,

estimated at approximately 10% to 26% over the next 5 to 10 years[45].

However, in adults evaluated for CAD, exercise hypertension is associated
with alower likelihood of angiographically severe disease and alower

adjusted mortality rate on follow up.[46]

Table 4. Common indications and contraindications for exercise stress

testing.
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Indications

 Evaluating the patient with chest pain or dyspnea with other findings

suggestive, but not diagnostic of coronary artery disease (CAD)

* Risk stratification post-myocardia infarction

» Determining prognosis and severity of coronary artery disease

 Evaluating the effects of medical and surgical therapy

» Screening for latent coronary disease

 Evaluation of congestive heart failure

 Evaluation of arrhythmias

 Evaluation of congenital heart disease

Table 5. Contraindications (absolute)

* Very recent Ml, < 3-4 days

» Unstable angina, not previously stabilized by medical therapy

 Severe symptomatic left ventricular dysfunction

* Life threatening dysrhythmias

» Severe aortic stenosis

* Acute pericarditis, myocarditis or endocarditis

» Acute aortic dissection

Contraindications (relative)
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* Left main coronary stenosis

» Moderate stenotic valvular heart disease

* Electrolyte abnormalities

* Severe arterial hypertension (SBP>200 mmHg or DBP>110 mmHg)

 Tachyarrhythmias or bradyarrhythmias

 Hypertrophic cardiomyopathy and other forms of outflow tract obstruction

» Mental or physical impairment leading to inability to exercise adequately

 High-degree atrioventricular block

I nter pretation of the electr ocardiogram

ST segment changes should be read at 60 to 80 ms from the J point,[47] and
the test should be considered positive for ischemiaif thereisa2 mm or more
rapidly up sloping ST depression (when the dopeis more than 1 mV/s)
,[48,49] . A 1.5 mm or more slowly up-sloping ST depression (when the
slopeislessthan 1 mV/s), or a1l mm or more horizontal or down sloping ST
depression (Figure 2).1schemic ST-segment changes devel oping during
recovery from treadmill exercise in apparently healthy individuals has
adverse prognostic significance similar to those appearing during exercise.
Resting ST-segment depression has been identified as a marker for adverse
cardiac events in patients with and without known CAD [50,51,52,53]
Diagnostic end points of 2 mm of additional exercise-induced ST-segment
depression or down sloping depression of 1 mm or more in recovery were
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particularly useful markersin these patients for diagnosis of any coronary
disease (likelihood ratio 3.4, sensitivity 67 percent, specificity 80 percent)

[53-55] .

In arecently published study, after 23 years of follow up, patients with
frequent ventricular ectopic (arun of 2 or more consecutive premature
ventricular contractions (PV C) making up more than 10% of all PVCs on any
30 seconds ECG) had an increased risk of death from cardiovascular causes
by afactor of 2.5 times, similar to that observed in patients who had a

positive ischemic response to exercise.

Fig2,3,4,5
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Frequent PV Cs at rest or during recovery were not associated with an

increase in cardiovascular mortality in this study, but in another study a
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stronger association between ventricular ectopic during recovery and

increased 5-year mortality was noted. [56]

Table 6

Exercise-induced right bundle branch block

(RBBB) or left bundle branch block (LBBB) is usually considered non
specific unlessit is associated with evidence of ischemia, i.e. angina, and

then it is strongly suggestive of ischemia

- Causes for afalse positive test include left ventricular hypertrophy

(LVH), which is associated with decreased exercise testing specificity, but

sengitivity is un affected.[57]

Digitalis causes exercise-induced ST depression in 25% to 40% of normal
subjects.[58,59,60].0ther diseases that might cause afalse positive test
include mitral or aortic valve dysfunction or mitral valve prolapsed,
pulmonary hypertension, pericardial constriction, hypokalemia, glucose

ingestion prior to the test and in females during reproductive years.

- Causes of false negative test include use of 3-blockers, which may reduce
the diagnostic or prognostic value of exercise testing because of inadequate
heart rate response, but the decision to remove a patient from 3-blocker
therapy for exercise testing should be made on an individual basis and should

be done carefully to avoid a potential hemodynamic “rebound” effect, which
31



can lead to accelerated angina or hypertension[59,61] Acute administration
of nitrates can attenuate the angina and ST depression associated with

myocardial ischemia

Atrial repolarization waves are opposite in direction to P waves and may
extend into the ST segment and T wave. Exaggerated atrial repolarization
waves during exercise can cause down sloping ST depression in the absence

of ischemia.[62,63]

The fina Interpretation of the ECG is poditive if the ST criteriaare met at any
heart rate, and there are no factors to preclude appropriate interpretation of

the test.

The interpretation is negative if no significant ST changes are noticed.

The test isnon diagnostic if the patient fails to achieve 85% of the MPHR

and the test was negative.

The results are indeterminate if the patient has baseline LBBB, a paced

rhythm, LVH with repolarization changes and/or is on digoxin therapy.

Patients with an abnormal exercise ECG, but a normal perfusion scan have a

low risk for future cardiac events (<1%).[40]
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The current American College of Cardiology/American Heart Association
(ACC/AHA) guidelines [43] for exercise testing recommend thistest as a
first-line test for those with a normal resting 12-lead ECG and for those

capable of performing maximal stress.

Although maximal stress may be defined by achieving 85% of predicted
maximal heart rate, care should be taken when interpreting a woman’s heart
rate response. For deconditioned patients, a hyper exaggerated response to
physical work may result in marked increases in heart rate. Thus, the test
should be continued until maximal symptom-limited exercise capacity.
Women incapable of performing a minimum of 5 METS of exercise should
be considered candidates for myocardial perfusion imaging with

pharmacologic stress.

Women with diabetes are a special population worthy of mention. They are at
an increased risk for premature atherosclerosis and at significant risk for
myocardial infarction and cardiac death. The unigque pathophysiology of
diabetes mellitus makes traditional symptoms less reliable and diagnosis of
CAD more challenging. The ECG is often aless reliable indicator of

significant CAD in the diabetic patient.

Myocardial perfusion imaging has been shown to be accurate in the risk

assessment and prediction of future cardiac events in the diabetic woman.
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IX .Prognosis:

Although some controversy remains sample evidence has supported the
view that episodes of myocardia ischemia, regardless of whether they are
symptomatic or asymptomatic, are of prognostic importance for patients

with CAD.[64]

In asymptomatic patients (type 1), the presence of exercise -induced ST-
segment depression has been shown to predict afourfold to fivefold
increase in cardiac mortality in comparison with patients without this

finding.

Similarly, in patients with stable angina or prior Ml, the presence of
inducible ischemia evident by ST--segment depression or perfusion
abnormalities during exercise testing is associated with unfavorable

outcomes, regardless of whether symptom save present.

The strength of this association is greatest when the ischemiais found to
occur at low workload, several studies evaluating the prognostic
implication of silent ischemia on ambulatory monitoring in patients with
stable angina (type 111) have demonstrated that the presence of
myocardial ischemia on the ambulatory ECG, whether silent or

symptomatic, is also associated with an adverse cardiac outcome.
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In the ACIP study, in patients treated medically myocardial ischemia
detected by the ambulatory ECG and by abnormal exercise treadmill test

were each independently associated with adverse cardiac outcomes.

Never the less, when asub group of patients with ischemia on stress
testing is considered, silent ischemia on holter monitoring isaso a

significant predictor of subsequent death or M.

In addition, patients with ischemia on the ambulatory ECG are more
likely to have multi vessel CAD, substantial improvements in technology
have made long term ambul atory monitoring for ischemia more

convenient and reliable with respect to data quality. [65] .

The exercised ECG can identify most patients likely to have significant
Ischemia during their daily activity and remains the most important

screening test for significant CAD.

I.  Management

Drugs that are effective for preventing episodes of symptomatic ischemia
(e.g., nitrates, calcium channel blockers, beta blockers) are also effective
for reducing or eliminating episodes of silent ischemia. A number of
studies have shown that beta blockers reduce the frequency, duration, and
severity of silent ischemiain a dose dependent fashion. For example, in

the Atenolol Silent Ischemia Study Trial (ASIST) , 4 weeks of atenolol
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therapy decreased the number of ischemic episodes detected on
ambulatory ECG (from 3.6 to 1.7; P < 0.001) and aso the average
duration (from 30 to 16.4 minutes/48 hours; P < 0.001). Coronary
revascularization is also effective in reducing the rate of anginaand
ambulatory ischemia. In the ACIP pilot study, 57% of patients treated
with revascul arization were free of ischemiaat 1 year, compared with
31% and 36% in the ischemia- and angina-guided strategies, respectively
(P<0.0001). In the Swiss Interventional Study on Silent Ischemia Type
[ (SWISSI-II) tria in 201 patients with silent myocardial ischemiawho
were recovering from acute M1 (>2 months), PCl was associated with a
significant reduction in late (up to 10 years) mortality as compared with
medical therapy,[66] but the medical therapy as used in this study was
not as intensive as in the COURAGE and BARI 2D trials, thus making
the results of thisfairly small study somewhat difficult to interpret. In
addition, aggressive secondary prevention with lipid-lowering therapy
has also been shown to reduce ischemia on ambulatory monitoring.
Although suppression of ischemiain patients with asymptomatic
Ischemia appears to be aworthwhile objective, whether treatment should
be guided by symptoms or by ischemia as reflected by the arnbulatory
ECG has not been established. In astudy of bisoprolol, nifedipine, and a

combination of the two, patients achieving complete eradication of
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ischemia, symptomatic and asymptomatic, were less likely to suffer

death, M1, or angina requiring revascularization.

Similarly, amelioration of all symptomatic and asymptomatic ischerniain
the ASIST tria conferred an advantage with respect to the primary
endpoint of death, resuscitated ventricular tachycardia or ventricular
fibrillation, MI, unstable angina, revascularization, or worsening angina.
However, in the ACIP trial, no differencesin outcome were detected
between the groups allocated to ischemia- versus angina-guided therapy
In contrast, the early benefits of revascularization on ischemiawere
associated with improved clinical outcome. Specifically, the rate of death
or Ml was 12.1 % in the angina-guided strategy, 8.8% in theischemia-
guided strategy, and 4.7% in the revascul arization strategy and a strong
reduction was also seen in re hospitalizations and the revascularization
strategies. Patients who continue to suffer silent ischemia after
revascularization may have increased risk for recurrent cardiac events

compared with those who are free of any ischemia.
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Chapter 3

Aim



Objective:

To determine the risk factors for asymptomatic IHD in diabetic patients

who underwent TMT.
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Patientsand method:

Study population

This study included one hundred and forty adults with type 2 DM patients
without symptoms of coronary artery disease of any age and of both
sex attending the out patients Diabetic clinic and Al Haware hospita in
Benghazi during four months from (September 2010 to December 2010)

targeted for the study.

Study design

cross-sectional study, a structured pre-tested questionnaire was devel oped
to seek information on demographics of patient, duration of DM , history
of DM, clinical examination etc. The questionnaire paper also included
columns to record observations on various investigational parameters for
each patient (data collection sheet).Exclusion criteriawere a history of

myocardial infarction, heart failure, arrhythmia and smoking.

Biochemical tests

HbA1C and fasting lipid profile was done. Lipid parameters were
assessed, dyslipidemiawas defined as TC > 240 mg/dl, TG > 150 mg/dl,
LDL > 100 mg/dl and high density lipoprotein (HDL)<40 mg/dl in men
and<50 mg/dl in women.

Urine for micralbuminuriawas also done.
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ECG

Resting 12 leads ECG performed to al patients
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2D Echo

All patients included in the study was done on Phillips and GE machines

with a3 MHZ cardiac probe.

Patients were screened in supine, left lateral position, Para sternal short
axis, parasterna long axis, apical four chamber, apical two chamber and
along with M-mode Echo and Doppler pulse wave Echo wave was used
to assess regional wall motion abnormality (RWMA),and | eft ventricular

systolic and diastolic function.

Presence or absence of RWMA was determined.

Resting 2D Echo was done considering that ischemic changes can be

picked up on 2D Echo even before the presence of patient's symptoms of

IHD.
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Treadmill test

TMT was performed using the Bruce protocol which is multi stage
maximal treadmill protocol, has 3 minutes period to allow achievement of

steady state before work load isincreased .

A positive responsg, i.e. ischemic heart disease, was defined as ST
segment depression > 1 mm horizontal or down sloping, ( THR = 220-

ageinyears).
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Statistical methods

Datawas fed into a Microsoft Excel table which was used to construct
tables and figures. The Statistical Package for Social Sciences (SPSS),
version 18.0 program was used to form the statistical analysis.

Descriptive statistics on demographic characteristics of patients were
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obtained The statistics included mean and standard deviation for
continuous variables and frequencies (percentage) for categorical
variables. Student’ st-test for independent samples was used to determine
statistical significance of difference in the mean values of continuous
variable between TMT positive and negative groups. Chi-sgquare test was
used to determine if the frequency distribution across the levels of
categorical variables has any statistical association with TMT findings.
The differences were considered to be statistically significant when the P-

value obtained was less than 0.05.
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Chapter 5

Results

Results:
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Table 7: Distribution of the sample according to sex.

Sex No. %

Male 62 44.3
Female 78 55.7
Tota 140 100

m Male
m Female

Fig. 6:Distribution of the sample according to sex.




Table 8:Distribution of the patients according to age.

Age/ years No. %
40—-49 33 23.5
50-59 46 329
60 — 69 47 33.6
70- 79 14 10
Total 140 100

Mean= 57. 5 years. Std. Deviation= 9.9years. Median =

58years.Mode=50years. Minimum age=40years . Maximum = 79years.
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Table 9:Distribution of the patients according to duration of diabetes.

Duration of diabetes years | No. %
<1 8 5.7
1-5 29 20.7
6—10 45 321
>10 58 41.5
Tota 140 100
" 45
40
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25 20.7
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10 57
5
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<1 1-5 6 -10 >10

Fig. 8:Didtribution of the patients according to duration of diabetes.




Table 10:Distribution of the patients according to family history of IHD.

Family history of IHD No. %

Yes 27 19.3
No 113 80.7
Total 140 100

= Yes
m No

Fig. 9:Distribution of the patients according to family history of IHD.



Table 11: Distribution of the patients according to history of

hypertension.

Hypertension No. %
Yes 62 44.3
No 78 55.7
Total 140 100

| Yes
No

55.7%

Fig. 10:Distribution of the patients according to history of hypertension.



Table 12:Distribution of the patients according to presence of of

dyslipidemia

History of dyslipidemia | No. %
Yes 26 18.6
No 114 814
Tota 140 100

m Yes

= No




Fig. 11:Distribution of the patients according to presence of dyslipidemia

Table 13:Distribution of the patients according to body mass index.

Body mass index No. %

Normal 19 13.6
Over weight 34 24.3
Obese 87 62.1
Total 140 100
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Fig. 12:Distribution of the patients according to body mass index.

Table 14:Distribution of the patients according to level of HbA1c.

Level of HbAlc No. %
<7 28 20
>7 112 80
Totd 140 100

Mean = 8.05 . Std.Deviation =1.55. Minimum=2.3. Maximum =13.
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Fig. 13:Distribution of the patients according to level of HbAlc.

Tablel5:Distribution of the patients according to presence of

microal buminuria.

Presence of microalbuminuria No. %

Positive 41 29.3
Negative 99 70.7
Totd 140 100




Positive

m Negative

Fig. 14:Distribution of the patients according to presence of

microal buminurea.

Tablel6: Distribution of the patients

according blood pressure control.

Blood pressure situation No. %

Controlled 83 59.3
Uncontrolled 57 40.7
Tota 140 100




m Controlled

m Uncontrolled

Fig.15:Distribution of the patients according blood pressure situation.

Tablel7:Distribution of the patients according results of resting ECG.

ECG No. %

Normal 122 87.1
Abnormal 18 12.9
Total 140 100




m Normal
Abnormal

Fig. 16:Distribution of the patients according results of ECG.

Tablel8:Distribution of the patients according result of Echo.

Results of Echo No. %
Normal 136 97.1
Abnormal 4 29
Total 140 100




m Normal

Abnormal

Fig. 17:Distribution of the patients according result of Echo.

Tablel9:Distribution of the patients according to results of exercise

ECG.

Exercise ECG No. %
Negative 86 61.4
Positive 23 16.4
Equivoca 31 22.2
Total 140 100
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Fig. 18:Distribution of the patients according to results of exercise ECG.

Table20:Distribution of the patients according to results of Coronary

angiography.

Coronary angiography No. %
Negative 5 45.5
Positive 6 54.5

Tota 11 100




m Negative

m Positive

Fig. 19:Distribution of the patients according to results of Coronary

angiography.

Table 21:Distribution of the patients according to results of Angio.

finding.

Angio. finding No. %
SvD 1 16.7
TVD 4 66.6
MVD 1 16.7
Tota 6 100
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Fig. 20 :Distribution of the patients according to results of Angio.

finding.

Table 22:Distribution of the patients with positive coronary angio

according to recommendation.

Recommendation No. %

Medical treatment 4 66.6
PCI 1 16.7
CABG 1 16.7
Total 6 100
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Fig. 21:Distribution of the patients according to recommendation.

Table 23: Distribution of patients according to exercise ECG results and

age.
Exercise ECG
Agelyears Negative Positive Equivocal | Total
No. |% No. % No. (% | No.|%
40-49 22 66.7 |7 212 |4 21.1|33 | 100
50-59 35 76.1 |6 13 5 10.9| 46 | 100
>60 29 475 |10 164 |22 |36.1|/61 |100
Total 86 614 |23 164 |31 |222]140|100

X2=13.929 df=4 p= 0.008( Highly significant).




For Positive: Mean = 57.4 years. +/- 8.1 years.

For negative: Mean age = 54.8 years. +/-8.9 years.

t-test=0.655 df=107 p=0.514. ( Not significant ).
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Fig. 22: Distribution of patients according to exercise ECG results and

age.




Table 24: Distribution of pts. according to exercise ECG resultsand sex.

Exercise ECG
Sex Negative Positive Equivoca | Total
No. |% No. % No. |% |No. |%
Mae 33 532 |14 226 |15 |242|62 |100
Female 53 68 9 115 |16 |205|78 |100
Totd 86 614 |23 164 |31 |22.2|140 | 100

X2=3.994 .df=2 p= 0.136( Not significant).
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Table 25: Distribution of patients according Exercise ECG results and

duration of diabetes.

Exercise ECG
Duration of diabetes Negative Positive Equivocal | Total

No. | % No. % No. |% |No. |%
<1* 7 875 |1 125 |0 0 8 100
1-5* 22 759 |1 34 6 20.7 | 29 100
6—10 29 64.4 |10 222 |6 13.3 |45 100
>10 28 483 |11 19 19 | 32858 100
Tota 86 614 |23 164 |31 |222|140 |100

X2=29.608 .df=6 p= 0.000( Highly significant).

* Combined to calculate x2

For Positive: Mean= 12.7years. +/_=7.9 years.

For negative: Mean=8.9 years. +/_=7.3 years.

t-test= 1.127 df= 107 p=0.262. ( Not significant ).
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Fig. 24: Distribution of patients according exercise ECG results and

duration of diabetes.

Table 26: Distribution of patients according exercise ECG results and

Family history of IHD.

Exercise ECG
Family history of Negative Positive Equivocal | Total
'HD No. |% No. % No. {% | No.| %
Yes 16 593 |5 185 |6 22227 |100
No 70 619 |18 159 |25 |222]113]|100
Tota 86 614 |23 164 |31 |222]140] 100

X2=0.115. df= 2. P= 0.944. ( Non - significant).
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Fig. 25: Distribution of patients according exercise ECG results and

Family history of IHD.

Table 27 : Distribution of patients according to Exercise ECG results and

history of Hypertension.

Exercise ECG
Hypertension Negative Positive Equivocal | Totd
No. | % No. % No. (% |[No. |%
Yes 59 641 |14 152 |19 |20.7{92 |100
No 27 56.2 |9 188 |12 |25 |48 |100
Totd 86 614 |23 164 |31 |222|140 | 100

X2=0.828. df=2 p=0.661 ( Not significant).
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Fig. 26 : Distribution of patients according to Exercise ECG results and

history of Hypertension.

Table 28: Distribution of patients according to Exercise ECG results and

history of dyslipidemia.

Exercise ECG
History of Negative Positive Equivocal | Total
dyslipidemia

No. | % No. % No. | % No. | %
Yes 19 |731 |5 192 |2 7.7 |26 |100
No 67 |588 |18 158 |29 |254 |114 | 100
Tota 86 |614 |23 164 |31 |222 |140 | 100

X2=3.869. df=2 p=0.144 ( Not significant).
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Fig. 27: Distribution of patients according to exercise ECG results and

presence of dyslipidemia

Table 29: Distribution of patients according to Exercise ECG results and

body mass index.

Exercise ECG

Body mass index | Negative Positive Equivoca | Tota

No. | % No. | % No. [% |No. |%
Normal 7 368 |5 |263 |7 36.8(19 |100
Over weight 23 676 |7 |206 |4 11834 | 100
Obese 56 644 |11 |126 |20 23 |87 |100
Tota 86 614 |23 |164 |31 22.2 1140 | 100

X2=7.989. df=4 p=0.092 ( Not significant).
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Fig 28: Distribution of patients according to Exercise ECG

body mass index.

results and

Table 30: Distribution of patients according to Exercise ECG results and

level of HbAlc.
Exercise ECG
Level of HbAlc | Negative Positive Equivocal | Total
No. | % No. % No. {% | No.| %
<7 21 75 3 10.7 |4 14.3| 28 | 100
>7 65 58 20 179 |27 |241]112]|100
Totd 86 614 |23 164 |31 |222]140] 100

X2=2.721. df=2. p=0.257 ( Not significant).




For Positive: Mean HbAlc=8.2. Std. +/_ 2.1.

For negative: Mean=7.9. Std. Deviation=1.4.

t-test= 0.421 df= 107 p=0.675. ( Not significant ).
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Fig. 29: Distribution of patients according to exercise ECG results and

level of HbA1c.



Table 31: Distribution of patients according to exercise ECG results and

presence of microalbuminurea.

Exercise ECG
Presence of Negative Positive Equivocal | Total
microal buminurea

No. % No. % No. | % No. | %
Positive 21 512 |12 293 |8 19541 | 100
Negative 65 66.6 |11 111 |23 (23299 | 100
Totd 86 614 |23 164 |31 |22.2|140] 100

X2=6.983. df= 2 p= 0.030(significant).
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Fig. 30: Distribution of patients according to exercise ECG results and

presence of microal buminurea.

Table 32: Distribution of patients according to exercise ECG results and

resting ECG results.

Exercise ECG

ECG results Negative Positive Equivocal | Total

No. % No. % No. | % No. | %

Normal 79 64.8 |16 131 |27 [221]122|100

Abnormal 7 389 |7 389 |4 22.2|18 | 100

Tota 86 614 |23 164 |31 |22.2]140|100




X2=8.051. df= 2. p= 0.018 ( significant).
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Fig .31: Distribution of patients according to exercise ECG results and

resting ECG results.



Table 33: Distribution of patients according to exercise ECG results and

Echo result.

Exercise ECG
Resultsof Echo | Negative Positive Equivocal | Total
No. | % No. % No. |% | No. | %
Normal 86 632 |21 154 |29 |21.4|136| 100
Abnormal 0 0 2 50 2 50 |4 |100
Totd 86 614 |23 164 |31 |22.2)140| 100

X 2= 6.797. df=2 p= 0.033 (significant).
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Chapter 6



Discussion:

The present study included 140 diabetic patients ,44.3% males and 55.7%
females, ,66.5% their age ranged between 50 to 69 years, with mean age
57.5£9.9 years. Minimum age was 40years and maximum age was 79

years, in asimilar study mean age was 59.6years.[66]

Exercise ECG (Treadmill test, TMT)was positive in 16.4% of the patients
, 22.2% was equivoca and 61.4% was negative. In other study they found
that out of 161 patients, 34 (21.1%) patients were (TMT) positive, while
90 patients were negative (55.9%) and 37 (22.9%) were inconclusive for

IHD based on TMT test.[67]

Diabetes Mdlitus appears to confer adramatic increase in the risk of
silent ischemia with most studies suggesting a prevalence of 10 —

20%.[68]

In this study exercise ECG were positive in 21.2% in age group 40-
49years,13% in age group 50-59years, 21.3% in age group 60- 69years
and this difference between the age group was dtatistically significant (p
<0.05). Therisk of coronary heart disease increases with age in persons
with or without diabetes, but diabetes appears to accelerate the

process.[69]
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The mean age of Exercise ECG positive patients was 57.4+8.1years and
In negative patients the mean age was 54.8 + 8.9years and this difference
was not statistically significant, while in other study the mean age of
subjectsin TMT positive group 53.56+ 7.41 years)was significantly
higher than that of TMT negative group (48.71 £ 8.72years),with aP
value of 0.0023, [68] our result it was not significant difference could be
due to small sample size.Exercise ECG was positive in 22.6% of males
and 11.5% of females, but this difference was not statistically different(
p= 0.136). Diabetes is the only condition that causes women to have heart
disease rates similar to those of men. The reason for this effect is
uncertain. It isunlikely that it reflects differential loss of men with
coronary heart disease through excess mortality. In the Rancho Bernardo
Study, diabetic women had ischemic heart disease mortality rates similar

to both non-diabetic and

diabetic men, while non-diabetic women had a clear longevity

advantage.[70]

Duration of diabeteswas 6 years or more in73.6% of patients, with mean
duration(10.1+ 7.5) , minimum duration was one month and maximum
duration was 31 years, compared with other study the mean duration of

diabetes was( 12.4+ 6.1years) .[66]
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Exercise ECG results were positive in duration of diabetesin< 1, 12.5%,
3.4% in 1-5years, 22.2% in 6-10 years and 19% in >10 years and this
difference was statically significant .Mean duration for positive patients
was (12.7years £7.9 years) and for the negative patients was (8.9 £ 7.3
years), and there was no statistical difference between the two means
were the p value was equal to 0.262.This results was different from other
study were they found the mean duration of diabetesin TMT positive
group (74.79 +£48.2 months) was significantly higher than that of TMT
negative group (47.41 £31.66 months) with a P value of 0.0007. [67]
Other study found the onset of NIDDM is less obvious than IDDM, and it
has been difficult to distinguish between an effect of age and an effect of
duration of diabetes on heart disease risk.[71] However, in the Nurses
Health Study, alonger duration of clinically recognized maturity onset
diabetes in women was found to be associated with an increased risk of

coronary heart disease, even after age adjustment.[72]

Duration of diabetesis not a proven risk factor for silent ischemia
according to American Diabetic Association guide lines. However, there

are several studies reporting positive correlation between the two. [73-75]

Family history of IHD was recorded in 19.3%.Exercise ECG results was
positive in 18.5% of patients with family history of IHD, while positive

in 15.9% in patients with negative family history of IHD, this difference

83



was not statistically significant (p=0.944). In similar study they reported
that the family history of IHD showed significant association with TMT
results with a P value of 0.0136 (P<0.05). [67] IHD haslong been
observed to aggregate in families [76]. A study by Roncaglioni et al.
showed that in first- degree M1 patients of either sex with a positive
family history of M1 (first degree relative affected, the adjusted estimate
of the RR of M1 is2.0 (95% Cl, 1.6-2.5) when compared to cases with a
negative family history .[77] Their data also showed that in both sexes,
the risk of M1 increases according to the number of relatives affected; RR
of 3.0 in cases with two or more relatives affected. Many studies support
the hypothesis that a positive family history of IHD is an independent risk
factor. In a 10-year follow-up study of more than 5500 healthy men,
multivariate logistic regression analysis identified that family history of
MI followed LDL cholesterol as the strongest predictor of Ml, at a
significancelevel of P<0.01. [78]. In astudy by Jousilahti et al., a
parental history of premature IHD conferred an adjusted RR for AMI of
1.71 in men and 2.87 in women (AMI < 55 years of age)

[ 79].Hypertension was recorded in 44.3% of al patients. Un-controlled
hypertension was present in 59.3%. Exercise ECG results were positivein
15.2% of patient who suffer from hypertension, while positive in 18.8%
of patient free from hypertension and this difference was not statistically

significant (p=0.661). Dyslipidemia was recorded in 18.6% of the
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patients, exercise ECG results was positive in 19.2% in patients who had
dyslipidemia, while positive in 15.8% of patients without dyslipidemia
and this difference was not statistically significant (p=0.144).
Dyslipidemiain T2D worsens cardiovascular risk due to the peculiar
atherogenic profile composed by increased very low-density lipoprotein
(VLDL) cholesteral, triglycerides and small dense LDL cholesterol levels
and decreased high-density lipoprotein (HDL) cholesterol levels. With
such lipoproteins modified by oxidation and glycosylation thereis a
reduction on vascular compliance predisposing to early and aggressive
atherosclerosis . [80 .] This was evidenced in an experimental study which
concluded that either diabetic hyperlipidemia or hyperglycemia

accelerates distinct phases of atherogenesisin diabetes.[81]

Dyslipidaemiais asignificant predictor of CVD events and mortality in
diabetes patients. [82] However, some contrasting results were obtained
from the DIAD study and severd others showing that there is hardly any
correlation of dyslipidemiawith silent ischemia .[83,84] .Over weight
was found in 24.3% and obesity in 62.1% of al patients. Exercise ECG
results was positive in(26.3%) patients with normal BMI, 20.6% in over
weight and 12.6% in obese patients, this difference not statistically

significant (p=0.092). This result was similar to result of other study
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were the mean BMI was statistically insignificant between the two

groups with P=0.1364.[67]

Level of HbAlc <7 constitute to 20 %, while >7 constitute to 80%,
exercise ECG results was positive in 10.7% of patients with level of
HbA1c <7 and 17.9% in patients with HbA1c >7, this difference not
statistically significant p=(0.257). In other study, Glycemic control
(HbA1C) showed increased risk of inducible ischemia with adjusted odds
ratio of 1.341 (95% CI: 1.055-1.734), which was statistically significant

with P value 0.019.[67].

While some studies have found a significant association between glucose
levels and the prevalence or incidence, ,[85] of heart disease, others have
not.[86] A Finnish study examined the association of glycosylated
hemoglobin and heart disease in individuals with NIDDM.[85] After
adjustment for duration of diabetes, glycemic control was significantly
associated with 3.5-year coronary heart disease mortality but not with
incidence. It isvery difficult to separate the effect of glycemic control

from age and duration of diabetes. [85]

Micralbuminuria was positive in 29.3% of the patients ,exercise ECG
results was positive in(29.3%) of patients with microalbuminurea, while
11.1% in patients who was negative to microal buminurea, this difference
was statistically significant ( p=0.0383). In an other study
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microal buminuriawas significantly associated with prevalent coronary
heart disease based on history or e ectrocardiogram, microalbuminuriais
proven risk factorsfor CAD in type 2 DM patients. [87,88] ECG was
abnormal in 12.9 % of the patients, exercise ECG result in 13.1% of
patients with normal ECG and 38.9% in patients with abnormal ECG, this

difference was statistically significant (p=0.018) .

Exercise ECG results were positive in 15.4% in patients with normal
Echo, compared to 50% of patients with abnormal Echo, this difference

was statistically significant ( p= 0.033).
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Chapter 7

Conclusion



Conclusion :

1) Inthis study we found that the most important risk factor for

asymptomatic IHD in type 2 NIDDM patients were microa buminuria

2) Proportion of silent ischemiain type 2 DM patients was 16.4% in this

study, which was within the limit recorded internationally (10 — 20%).

3) Most of known risk factors were not statistically significant as( age,
duration of the disease) with the IHD, this result could be explained by

thesmall sample size .
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Chapter 8

Recommendations



Recommendation:

1) We recommended screening for IHD with TMT in patients who are
suffering from DM for early diagnosis and early treatment to improve the

prognosis for type 2 diabetic patients.

2) TMT should be done in asymptomatic type 2 NIDDM with

microa buminuria.

3) Our study may need to be followed by afuture study, involving a
large number of diabetic patients with different design as cohort - follow

up study.

89



Chapter 9

References



DATA COLLECTION SHEET
ASYMPTOMIC IHD IN DM

DURATION - FIH CONTROLED
SN| AGE oF o | HTN Dyslipid. | ~| D/ o

RESTING STRESS COROARY

MALB BMI| HDALC ECG | ECNO ECG ANGIOGRAPHY

Reference

90




Reference

1- FagliaE, FavadesF, Patrizia Calia, Felice Paleari, Giovanni Segalini,
Pier Luigi Gamba, Alberto Rocca ,Nicoletta Musacchio ,Arturo
Mastropasgua ,Gianpaol o Testori, Pietro Ramini ,Flavia Moratti,Anna
Braga, Alberto Morabito.Cardiac evantsin 735 type 2 diabetic patients
who underwent screening for unknown asymptomeatic coronary heart
disease. Diabetes care, volume 25,number11, November
2002:25(11):2023-36.

2- king H, Aubert RE, Herman WH. Global burden od diabetes, 1995-
2025:prevaence, numerical estimates, and projections. Diabetes Care
1998;21:1414-31.

3-Harris MI,Flegal KM, Cowie CC et a. prevaence of diabetes, impaired
fasting glucose, and impaired glucose tolerance in U.S adults: the Third
National Health and Nutrition Examination survey,1998-1994. Diabetic
Care 1998;21:518-24.

4- Howard BV, Rodriguez BL, Bennet PH et a. Prevention Conference
V. Diabetes and cardiovascular disease, writing group I: epidemiology.
Circulation 2002; 105: e132-€7.

5-. Mak KH, Moliterno DJj, Granger CB et al. For the GUSTO-I
Investigators. Influence of diabetes mellitus on clinical outcome in the
thrombolytic era of acute myocardia infarction. JAm Col Cardiol1997;
30: 171-9.

6- Mamberg K, Yusuf S, Gerstein HC et al. Impact of diabetes on long-
term prognosis in patients with unstable angina and non-Q-wave
myocardial infarction: results of the OASIS (Organization to Assess
Strategies for Ischemic Syndromes) Registry. Circulation 2000; 102:
1014-109.

7-Haffner SM, Letho S, Ronnemaa T et a. Mortality from coronary heart
disease in subjects with type 2 diabetes and in nondiabetic subjects with
and without prior myocardial infarction. N Engl | Med 1998; 339: 229-
34.

8- Executive summary of the third report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
[11). JAMA 2001; 285: 2486-97.

91


a
Typewritten Text

a
Typewritten Text

a
Typewritten Text

a
Typewritten Text
Reference


9-Adapted from the ESC Guidelines on Diabetes, Pre-diabetes and
cardiovascular Disease, Executive summary (European Heart) journal
(2007); 28:88-136) and full text EHJ 2007;28.88-136 .

10-Wild S,Roglic G, Green A, et a : Global prevalence of diabetes:
estimates for the year 2000 and projections for 2030 . Diabetes Care
2004;27:1047.

11-. Orasanu G, Plutzky J: The pathologic-continuum of diabetic vascular
disease. JAm Coll Cardiol 2009 , 53:535.

12-. Rask-Madsen C, King GL: Mechanisms of disease: Endothelial
dysfunction in insulin resistance and diabetes. Nat Clin Pract Endocrinol
Metab2007 3:46.

13-Khera A, McGuire DK: Management of diabetic dyslipidemia: Need
for reappraisal of the goals. Am J Cardiovasc Drugs2005 5:83.

14- Mathewkutty S, McGuire DK: Platelet perturbations in diabetes:
Implications for cardiovascular disease risk and treatment. Expert Rev
Cardiovasc Ther 7:541, 2009.

15-Libby P. Plutzky J: Inflammation in diabetes mellitus: Role of
peroxisome proliferator-activated receptor-al pha and peroxisome
proliferator-activated receptor-gamma agonists. Am J Cardiol 99:27B,
2007.

16- lindsey JB, Cipollone F, Abdullah SM, McGuire DK: Receptor for
advanced glycation end-products (RAGE) and soluble RAGE (sRAGE):
Cardiovascular implications. Diab Vasc Dis Res 6:7, 20009.

17- Ziegler D, GriesF Spuler M et a. Diabetic cardiovascular autonomic
neuropathy multicenter study group: the epidemiology of diabetic
neuropathy. J Diabetes Complications 1992; 6: 49-57.

18- O'Brien|A, O'Hara JP, Lewin |G et a. The prevaence of autonomic
neuropathy in insulin-dependent diabetes: a controlled study based on
heart rate variability. QI Med 1986; 61: 957-967.

19- Vinik Al. Diagnosis and management of diabetic vtr/ ./ neuropathy.
Clin Geriatr Med 1999; 15: 293-320.

92


a
Typewritten Text


20- Vinik Al, Erbas T. Neuropathy. In: Ruderman N, Devlin JT,
Schneider SH, Kriska A (eds). Handbook of Exercisein Diabetes, 2002.
Alexandria, VA: American Diabetes Association, pp. 463-496.

21- Hilsted}, Parving HH, Christensen NJ et al. Hemodynamicsin
diabetic orthostatic hypotension. J Clin Invest|981; 68: 1427-1434.

22- Burgos LG, Ebert TJ, Asiddao C et al. Increased intraoperative
cardiovascular morbidity in diabetics with autonomic neuropathy.
Anesthesiology 1989; 70: 591-597.

23- Gerritsen], Dekker IM, TenVoorde, BJ et a. Impaired autonomic
function is associated with increased mortality, especially in subjects with
diabetes, hypertension, or ahistory of cardiovascular disease .The Horn
study. Diabetes Care 2001; 24:1793-1798.

24- Wackers FJT, Joung LH, Inzucci SE et al. Detection of silent
myocardial icemiain asymptomatic diabetic subject . The DIAD study.
Diabetes Care 2004;27: 1954-1961.

25-Janand- Delenne B, Habib G et a.sient myocardia ischemiain
patients with diabetes. Who to screen. Diabetes Care 1999:22:1396-1400.

26-Vinik AL ,Erbas T.Recognizing and treating diabetic autonomic
neuropathy. Cleveland Clinic J Med 2001;68:928-944,

27- Laitinen T, Lyyra-Laitinen T, Huopio H,Vauhkonen |, Halonen TP,
Hartikainen JsNiskanen L, Laakso M. Electrocardiographic alterations
during hyperinsulinemic hypoglycemiain healthy subjects. Ann
Noninvasive Electrocardiol. 2008;13:97-105.

28- Giunti S, Bruno G, Lillaz E, Gruden G, LolliV, Chaturvedi N, Fuller
JH, Veglio M,Cavallo-Perrin P. Incidence and risk factors of prolonged
QTcinterval intype 1 diabetes. The EURODIAB Prospective
Complications Study. Diabetes Care. 2007;30:2057-63.

29- Nelson MB, Daniel KR, Freedman BI.Prineas RJ, Bowden DW,
Herrington DM.Associations between electrocardiographicinterval
durations and coronary artery calcium scores: the Diabetes Heart
Study.Pacing Clin Electrophysiol. 2008;31:314-321.

93



30- Okin PM, Devereux RB, Lee ET, GallowayJM, Howard BV .
Electrocardiographic repolarization complexity and abnormality predict
all-cause and cardiovascular mortality in diabetes. the Strong Heart
Study.Diabetes. 2004;53:434 — 40.

31- Lehtinen AB, Daniel KR, Shah SA, Nelson MR, Ziegler JT,
Freedman B, et a. Relationship between genetic variants in myocardial
sodium and potassium channel genes and QT interval durationin
diabetics. The diabetes heart study. Ann NoninvasiveElectrocardiol.
2009;14:72—79.

32- Sawicki PT, Kiwitt S, Bender R, Berger M. The value of QT interval
dispersion for identification of total mortality risk in noninsulin-
dependent diabetes mellitus. J Intern Med. 1998;243:49 —56.

33- Ziegler D, Zental CP, Perz S, Rathmann W, Haastert B, Meisinger C.
Prediction of mortality using measures of cardiac autonomicdysfunction
in the diabetic and nondiabetic population. The MONICA/KORA
AugsburgCohort Study. Diabetes Care. 2008;31:556-561

34-Giunti S, Bruno G, Veglio M, Gruden G,Webb DJ, Livingstone S,
Chaturvedi N, Fuller JH, Perin PC. Electrocardiographic left ventricular
hypertrophy in type 1 diabetes. Diabetes Care. 2005;28:2255-57.

35- Okin PM, Devereux RB, Harris KE, Jern S,Kjeldsen SE, Lindholm
LH, Dahlof B.In-treatment resolution or absence of electrocardiographic
left ventricular hypertrophy isassociated with decreased incidence of
new-onset diabetes mellitus in hypertensive patients: the Losartan
Intervention For End point reduction in hypertension (LIFE)Study.
Hypertension. 2007;50:984 —90.

36- Stem S: symptoms other than chest pain may be important in the
diagnosis of silent ischemi or the sounds of silence. Circulation
111:e435,2005.

37-Gazzaruso C, Solerte SB, De Amici E, et al: Association of the
metabplic syndrome and insulin resistance with silent myocardial
Ischemia in patients with type 2 diabetes mellitus. AMJ cardiol
97:236,2006.

94



38- Detrano, R, Gianrossi, R, Froelicher, V. The diagnostic accuracy of
the exercise electrocardiogram: a meta-anaysis of 22 years of research.

Prog Cardiovasc Dis 1989; 32:173.

39- Morise, AP, Diamond, GA. Comparison of the sensitivity and
specificity of exercise electrocardiography in biased and unbiased
popul ations of men and women. Am Heart J 1995; 130:741.

40- Diamond, GA, Forrester, JS. Anaysis of probability asan aid in the
clinical diagnosis of coronary-artery disease. N Engl JMed 1979;
300:1350.

41-Abdou Elhendy, MD, PHD,* Douglas W. Mahoney, Heart rate
recovery after exercise is an independent predictor of death in CAD; J
Am Coll Cardiol 2003;42:823-30.

42-Vivekananthan D , Blackstone E , Pothier E. , Lauer S; Heart rate
recovery after exercise is apredictor of mortality, independent of the
angiographic severity of coronary disease; JAm Coll Cardiol
2003;42:831- 8

43-Cheitlin, MD, Alpert, JS, Armstrong, WF, et a. ACC/AHA guidelines
for the clinical application of echocardiography: areport of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on Clinical Application of
Echocardiography). Developed in collaboration with the American
Society of Echocardiography. Circulation 1997; 95:1686.

44- McHam SA, Marwick TH, Pashkow FJ, et al. Delayed systolic blood
pressure recovery after graded exercise: an independent correlate of
angiographic coronary disease. JAm CollCardiol. 1999;34:754 -9.

45- Singh JP. Larson MG. Manolio TA. O'Donnell CJ. Lauer M. Evans
JC. Levy D; Blood pressure response during treadmill testing as arisk
factor for new-onset hypertension. The Framingham heart study.
Circulation. 99(14):1831-6, 1999 Apr 13.

46- Lauer MS. Pashkow FJ. Harvey SA. Marwick TH. Thomas JD;
Angiographic and prognostic implications of an exaggerated exercise
systolic blood pressure response and rest systolic blood pressure in adults

95



undergoing evaluation for suspected coronary artery disease. JA coll
Cardiol 1995:26(7):1630-6.

47- Gianross R, Detrano, R, Mulvihill, D, et al. Exercise-induced ST
depression in the diagnosis of coronary artery disease: a meta-analysis.
Circulation 1989; 80:87.

48. Rijneke RD, Ascoop CA, Talmon, JL. Clinical significance of
upsloping STsegments in exercise e ectrocardiography. Circulation 1980;
61:671.

49- Stuart, RJ, Ellestad, MH. Upsloping S T segments in exercise stress
testing: six-year follow up study of 438 patients and correlation with 248
angiograms. Am J Cardiol 1976; 37:19.

50- Aronow, WS. Correlation of ischemic ST-segment depression on the
resting electrocardiogram .

with new cardiac eventsin 1,106 patients over 62 years of age. Am J
Cardiol 1989; (64):232

51- Harris, PJ, Harrell, FE Jr, Lee, KL, et a. Surviva in medically treated
coronary artery disease. Circulation 1979; 60:1259

52. Miranda, CP, Lehmann, KG, Froelicher, VF. Correlation between
resting ST segment depression, exercise testing, coronary angiography,
and longterm prognosis. Am Heart J 1991; 122:1617

53- Kansal, S, Roitman, D, Sheffield, LT. Stress testing with ST-segment
depression at rest: an angiographic correlation. Circulation 1976; 54:636

54- Harris, FJ, DeMaria, AN, Lee, G, et a. Value and limitations of
exercise testing in detecting coronary disease with normal and abnormal
resting electrocardiograms. Adv Cardiol 1978; :11.

55- Fearon, WF, Lee, DP, Frodicher, VF. The effect of resting ST
segment depression on the diagnostic characteristics of the exercise
treadmill test. JAm Coll Cardiol 2000; 35:1206.

56- FrolkisJP., M.D., Ph.D., Pothier C E., M.S., Eugene H. Blackstone,
M.D., and Lauer M S.,; Frequent Ventricular Ectopy after Exercise asa
Predictor of Death; N Engl JMed 2003;348:781-90

96



57- Ellestad MH, Savitz S, Bergdall, D, Teske J. The false positive stress
test: multivariate analysis of 215 subjects with hemodynamic,
angiographic and clinical data. Am J Cardiol 1977; 40:681

58- Sketch MH, Mooss, AN, Butler, ML, et al. Digoxin-induced positive
exercise tests: their clinical and prognostic significance. Am J Cardiol
1981; 48:655

59- LeWinter, MM, Crawford, MH, O’ Rourke, RA, Karliner, JS. The
effects of oral propranolol, digoxin and combination therapy on the
resting and exercise electrocardiogram. Am Heart J 1977; 93:202.

60- Sundqvist, K, Atterhg, JH, Jogestrand, T. Effect of digoxin on the
electrocardiogram at rest and during exercise in healthy subjects. Am J

Cardiol 1986; 57:661

61- Herbert, WG, Dubach, P, Lehmann, KG, Froelicher, VF. Effect of
beta-bl ockade on the interpretation of the exercise ECG: ST level versus
delta ST/HR index. Am Heart J 1991; 122:993

62- Sapin PM Blauwet, MB, Koch GG, Gettes LS. Exaggerated atrial
repolarization waves as a predictor of false positive exercise testsin an
unselected population. J Electrocardiol 1995; 28:313

63-Spin PM Koch Gl Blauwet BM Mcarthy,JJ,et a .1dentification of
false positive excercise test with use of e ectrocardiographya possible role
for atrial repolarization waves.J AM Coll Cardiol 1991; 18:127

64-Sajadienh A, Nielsen OK Rasmussen Vet a: prevalence and
prognostic significance of daily- life silent myocardial ischemiain
middle-aged and elderly subjects with no apparent heart disease . Eur
Heart J 2005 26:1402

65-Enseleit F, Duru F:Long-term continuous externa
lelectrocardiographic recording: A review. Europace 8:2006255

66-Ern P, schoenenberger AW, Burckhardt D ,et a: Effects of
percutaneous coronary interventionsin silent ischemia after myocardial
infarction: The SWISSI Il randomized controlled trial. JAMA
297;1985,2007

97



67-1-Ezio Faglia, Fabrizio Favaales, Patrizia Calia, Felice Paleari,
Giovanni Segalini, Pier Luigi Gamba, Alberto Rocca,Nicoletta
Musacchio ,Arturo Mastropasgua ,Gianpaol o Testori, Pietro Ramini
,Flavia Moratti,Anna Braga, Alberto Morabito.Cardiac evantsin 735 type
2 diabetic patients who underwent screening for unknown asymptomeatic
coronary heart disease. Diabetes care, volume 25,numberll, November
2002.p2023-36.

68- Lavekar S and Salkar H R. Tread mill Test to Detect Stress Induced
Ischemic Heart Disease in Type2 Diabetes Méllitus Patients
Asymptomatic for CAD: A Hospital Based Cross-sectional Study in
Rural Population of Centra India. J Diabetes Metab 2013(2):1-5

69-Naka M, Hiramatsu K, Aizawa T, Momose A, Y oshizawa K, et al.
(1992) Silent myocardial ischemiain patients with non-insulin-dependent
diabetes mellitus as judged by treadmill exercise testing and coronary
angiography. Am Heart J 123: 46-53.

70- Krolewski AS, Kosinski EJ, Warram JH, Leland OS, Busick EJ,
Asmal AC,: Magnitude and determinants of coronary artery disease in
juvenile-onset, insulin-dependent diabetes mellitus. Am J Cardiol 1987

59:750-55

71-Barrett-Connor E, Cohn BA, Wingard DL, Edelstein SL: Why is
diabetes mellitus a stronger risk factor for fatal ischemic heart disease in
women than in men? The Rancho Bernardo Study. JAMA 265:627-31,
1991

72-Orchard TJ: From diagnosis and classification to complications and
therapy. DCCT Part 11? The 1993 Kelly West Lecture. Diabetes Care
199417:326-8

73-Manson JE, Colditz GA, Stampfer MJ, Willett WC, Krolewski AS,
Rosner B, et a: A prospective study of maturity-onset diabetes mellitus
and risk of coronary heart disease and stroke in women. Arch Intern Med
1991151:1141-7

74- Janand-Delenne B, Savin B, Habib G, Bory M, Vague P, et d. Silent
myocardial ischemiain patients with diabetes. who to screen. Diabetes
Care 1999 22: 1396-1400

98



75- Prevalence of unrecognized silent myocardial ischemiaand its

association with risk factors in non insulin dependent diabetes mellitus.
Milan study on Atherosclerosis and Diabetes Group. Am J Cardiol 1997
79: 4-139.

76-Langer A, Freeman MR, Josse RG, Steiner G, Armstrong PW
Detection of silent myocardial ischemiain diabetes mellitus. Am J
Cardiol 1991 67: 1073-8

77- Rose, G. Familia patternsin ischaemic heart disease. British Journal
of Preventive and Social Medicineg( 1964)18, 75-80.

78- Roncaglioni M C Santoro, L B D A Negri, E., Nobili, A., Ledda, A.,
Pietropaolo, F., Franzos, M. G., LaVecchia, C,, Feruglio, G. A. & €t
a(1992).Role of family history in patients with myocardial infarction. An
Italian case-control study. GISSI-EFR.IM Investigators. Circulation 85,
2065-72

79-Cremer P Nagel D , Mann, H., Labrot, B., Muller-Berninger, R.,
Elster, H.& Seidel, D. Ten-year follow-up results from the Goettingen
Risk, Incidence and Prevaence Study (GRIPS). 1. Risk factors for
myocardial infarction in acohort of 5790 men. Atherosclero(1997) sis
129, 221-30

80- Jousilahti P Puska, Vartiainen, E., Pekkanen, J. Tuomilehto, J.
(1996) Parental history of premature coronary heart disease: an
Independent risk factor of myocardial infarction. D. Journal of Clinical
Epidemiology 49,49:7-503.

81- Watts G F and D. A. Playford, “Dyslipoproteinaemia and
hyperoxidative stress in the pathogenesis of endothelial dysfunctionin
non-insulin dependent diabetes mellitus: an hypothesis,” Atherosclerosis
1998, 141, no. 1, pp. 17-30.

82- C. B. Renard, F. Kramer, F. Johansson et al., “ Diabetes and diabetes-
associated lipid abnormalities have distinct effects on initiation and
progression of atherosclerotic lesions,” Journal of Clinical
Investigation2004 114, .(5) :. 569-68

99



83- Ali, Venkat Narayan M, K . & Tandon. Diabetes & coronary heart
disease: Current perspectives .Indian JMed Res 2010 132, November
2010, pp 584-97

84-Bacci S, VilldlaM, VilldlaA, Langidonga T, Grilli M, et al.
Screening of silent myocardial ischemiain type 2 diabetic patients with
additional atherogenic risk factors: applicability and accuracy of the
exercise stresstest. Eur J Endocrinol (2002) 147: 649-54.

85-Wackers FJ, Young LH, Inzucchi SE, Chyun DA, Davey JA, et al.
Detection of silent myocardial ischemiain asymptomatic diabetic
subjects: the DIAD study. Diabetes care 27: 1954-61

86- Kuusisto J, Mykkanen L, Pyordla K, Laakso M: NIDDM and its
metabolic control predict coronary heart disease in elderly subjects.
Diabetes (1994)43:960-67,

87-Wilson PWF, Cupples AD, Kannel WB: Is hyperglycemia associated with
cardiovascular disease? The Framingham Study. Am Heart J 1991 2:586-90

88- Nell A, Hawkins M, Potok M, Thorogood M, Cohen D, Mann J: A
prospective popul ation-based study of microalbuminuria as a predictor of
mortality in NIDDM. Diabetes Care1993 16:996-1003

89- Consensus development conference on the diagnosis of coronary
heart disease in people with diabetes: 10-11 February 1998, Miami, Florida
American Diabetes Association. Diabetes care1998 21: 1551-1509.

100



Chapter 10



Appendix



Abbreviations

ACS = Acute coronary syndrome

ACC =American college of cardiology
ADA =American diabetic association
AGES = advanced glycation end products
AHA = American heart association
CAD-= Coronary artery disease

CHD = Coronary heart disease

CVD = Cardiovascular disease

DBP= diastolic blood pressure

DM= diabetes mellitus

ECG= dectrocardiography

FPG = fasting plasma glucose

HbA1c = glycated hemoglobin Alc

HDL = high density lipoprotein

HR = heart rate

IHD = ischemic heart disease

|GF = impaired fasting glucose

|GT = impaired glucose tolerance
ICAMS = intracellular adhesion molecules

LDL =low density lipoprotein



LBBB = left bundle branch block

LVH = left ventricular hypertrophy

METS = metabolic equivalents

MI = myocardial infarction

MODY = maturity -onset diabetes in young
M CP-1 =monocyte chemoattractant protein
MPHR = maximum predicted heart rate
NGR = normal glucose regulation

NF-KB =nuclear factor

OGTT = oral glucose tolerance test

PET = positron emission tomography

PG = plasma glucose

PV C = premature ventricular contraction
PCl = percutaneous coronary intervention
RAGE = receptor for advanced glycation end products
RBBB= right bundle branch block

RWMA = regiona wall motion abnormality
SBP = systolic blood pressure

TC= total cholesterol

THR =target heart rate

TMT = treadmill test

VLDL = very low density lipoprotein
WHO = world health organization

VCAMS = vascular cell adhesion molecules
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