
~~f') 
90-~ 
~~),--

Assessment of Therapeutic Efficacy of Anti-Hypertensive and 
Anti-Diabetic Drugs in Hypertensive Macroalbuminuric 

Type II Diabetic Patients 

ISLAMABAD 

By 

Dr. Tariq Mahmood 

Department of Animal Sciences 
Faculty of Biological Sciences 

Quaid-I-Azam University 
Islamabad 

2006 



IN THE NAME OF 

ALLAH 

THE COMPASSIONATE 

THE MERCIFUL 



Assesslnent of Therapeutic Efficacy of Anti-Hypertensive and 
Anti-Diabetic Drugs in Hypertensive Macroalbuminuric 

Type II Diabetic Patients 

QUAID-I-AlAM UNIVERSITY 

~ 
I SLAMABAD 

A dissertation submitted in the partial fultillment of the requirements 
for the degree of Master of Philosophy 

IN 

ENDOCRINOLOGY 

By 

Dr. Tariq Mahmood 

Department of Animal Sciences 
Faculty of Biological Sciences 

Quaid-I-Azam University 
Islamabad 

2006 



CERTIFICATE 

This is to certify that this dissertation, submitted by DR. TARIQ MAHMOOD, IS 

accepted in its present form by the Department of Animal Sciences, Faculty of Biological 

Sciences, Quaid-I-Azam University, Islamabad as satisfying the requirements for the 

degree of Master of Philosophy (Endocrinology) 

SUPERVISOR: 

EXTERNAL EXAMINER: 

CHAIRPERSON: 

17"6 C. '6 . 1 \ . 

Dated: ____ _ 

DR. IRiFAN ZIA QURESHI 

DR. M. SHAHAB 



DEDICATED 

TO 

LALAJEE 



AC[(NOWLEDGEMENTS 



A Cf(NO WLEDGEMENTS 

All praise to AllI1ighly Allah, Th e Most compassionate and Most mercifitl, Who is always 

there to shower His blessings upon me and gave me the strength to utilize the best of my 

abilities 10 cOl1lp/ele IlJis resc(/re" vvork succes.~fully. 

I express 111)1 hearffelt gratitude to my supervisor. Dr. !Jjan Zia Qureshi, Asst Professor, 

Biology D epartment, for his encouragement, keen interest, skillful guidance, valuable 

suggestions, constant support and enormous help through out the project. 

I sincerely thank to Prof Dr. Mrs. Samina Jalali Dean, Faculty of Biological Sciences, 

. Quaid-I-Azam University who, since the inception of my admission provided opportunity 

and facilities for '!1Y research work. 

I am obliged to Dr. M. Shahab, Chairperson, Department of Biology Quaid-I-Azam 

Universify/or his cn-npc/'(/finn during lily study. 

1 covey lily sincere.\·1 (f ClillOlI'/edgelllenfs to Dr. Rehana Sukclwra and Dr SllOiab Sh({jl , 

Head of Department, Medical ullit I and II, Rawalpind General Hospital. Rawalpindi, for 

providing all thefacilities during the research p eriod. 

I am extremely thankful to Dr. Rauf Niazi, Consultant, Department of Medicine Pakistan 

Institute Of Medical Sciences, Islamabad, for allowing me to work. in his department. 

1 alii grate/it! to Dr. IIhhas /-fayat, Head of Department Pathology, Rawalpindi General 

. Hospital. RawaLpindi, in heLping me with the investigations of Illy patiellts. 

I owe special thanks 10 Illy w{fe Dr. Shireen Raji.q for her encouragelllent, pleasant 

company and helping me throughout the work. 

Tariq Mahmood 



T ABLE OF CONTENTS 

Title Page No. 

~ Abbreviations 

~ Abstract 

~ Introduction 1 

~ Subjects and Methods 9 

~ Results 15 

~ Discussioll 47 

~ Appendix 53 

).- References 55 



TABLE OF CONTENTS FOR TABLES 

S. No. Title Page No. 

. 1. BMI, hemogloban and blood sugar random of 
both males and females subjects in Group 1 (35 - 48 years) 17 

2. Systolic and diastolic blood pressure in Group 1 
(35 - 48 years) of males and females 17 

3. Renal function test in Type II diabetic males and 
females of Group 1 (35 - 48 years) 18 

4. Lipid profile in Type II diabetic males and females of 
Group 1 (35 - 48 years) 18 

5. BMI, hemogloban and blood sugar random of 
both males and female subjects in Group II (49 - 61 years) 26 

6. Systolic and diastolic blood pressure in Group II 
(49 - 61 years) of males and females 26 

7. Renal function test in Type II diabetic males and 
females of Group II (49 - 61 years) 27 

8. Lipid profile in Type II diabetic males and females of 
Group II (49 - 61 years) 27 

9. BMI, hemogloban and blood sugar random of 
both males and female subjects in Group III (62 - 75 years) 35 

10. Systolic and diastolic blood pressure in Group III 
(62 - 75 years) of males and females 35 

11. Renal function test in Type II diabetic males and 
females of Group III (62 - 75 years) 36 

12. Lipid profile in Type II diabetic males and females of 
Group II (62 - 75 years) 36 

13. Comparison among antihypertensive drugs using one-way 
ANOV A keeping ACE inhibitors as control in subjects 
with type n diabetes mellitus. 44 

14. Comparison among hypoglycemic drugs using one-way 
ANOV A keeping diaonil as control in subjects with 
Type II diabetes mellitus. 46 



S.No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TABLE OF CONTENTS FOR FIGURES 

T itle P age 

Smoking, stress and exercise perccnt~lgc in subjects 
suffering from Type II diabetes in Group J (35 - 48 years) 19 

Pel"Centage of subjects taking restricted and unrestricted 
diet with Type II diabetes in Group I (35 - 48 years) 

Male and female subjects taldng antihypertensive 
drugs with Type II diabetes in Group I (35-48 years) 

Percentage of male and female subjects taking 
hyglycimic drugs with Type II diabetes mellitus 
in Group J (35-48 years) 

Smoking, stress and exercise percentage in subjects 
suffering frolll Type II diabetes in Group II (49 - 61 years) 

. Percentage of subjects taking restricted and unrestricted 
diet with Type II diabetes in Group II (49 - 61 years) 

Male and female subjects taking antihypertensive 
ch-ugs with Type II diabetes in Group II (49- 61 years) 

Percentage of male and female subjects taking 
hyglycimic drugs with Type II diabetes mellitus 
in Group II (49- 61 years) 

Smoking, stress and exercise percentage in subjects 
suffering from Type II diabetes in Group III (62 - 75 years) 

Percentage of subjects taking restricted and unrestricted 
diet with Type II diabetes in Group III (62 - 75 years) 

Male and female subjects taking antihypertensive 
drugs with Type TT diabetes in Group ITT (62-75 years) 

Percentage of male and female subjects taking 
hyglycimic drugs with Type II diabetes mellitus 
in Group III (62-75 years) 

20 

22 

23 

28 

29 

31 

32 

37 

38 

40 

41 



ACE Inhibitor 

ARB 

ANOVA 

BMI 

BSR 

CHD 

ESRD 

GFR 

HB 

IHD 

Kg/m2 

1l11l1 Hg 

ll1gldl 

mmol/l 

NS 

< 

> 

P 

RFT 

S.E 

% 

n 

U.K 

WHO 

+ 1 

S.E.M 

Abbreviation 

Angiotensin Converting Enzyme Inhibitor 

Angiotensin Receptor Blocker 

Analysis of Variance 

Body Mass Index 

Blood Sugar Random 

Coronary Heart Disease 

End Stage Renal Disease 

Glomerular filteration Rate 

Heamoglobin 

Ischeamic Heart Disease 

Kilogram per meter square 

Millimeter of Mercury 

Millligram per Deciliter 

Millimols per Liter 

Non Significant 

Less than 

Greater than 

Probability 

Renal Function test 

Standard Error 

Percentage 

Number 

United Kingdom 

W orId Health Organization 

>200mg 

Mean ± Standard Error 



ABSTRACT 

The present prospecti ve stud y was on 95, type n diabetic subj ects registered at Rawalpindi 

Gcner,ti Il ospil ,ti . R' lw,tipindi. Th e suhj ec ts se lectee! were both mal es and females agee! 35 -

75 years with know n hypertension and macroalbuminuria. The study was designed to assess 

the e ffi cacy of five differentantihypertensive and two hypoglyeeamie drugs in preventing the 

developm ent of diabeti c nephropath y and limiting its progression . All subjects were either on 

ACE inhibitors, tcnormin, ACE inhibitors + ARB's, nOl"vase or capotin for hypertension and 

diaonil and glucopll<lge or a co mbination of diaonil + glucophage for hyperglyceamia. The 

subj ect status was ,lsscsscd through blood pressure, renal function tests, blood sugar random 

and lipid pro li Ie. The subj ccts were anal yzed age-wise, gender-wise and drug-wise. All 

suhj cc ls wcrc Il ypcrl clls ivc, Ill;ICJ"l)alhulllilluri c ;lIltl hypcrgl yceamic, cvcn though thcy wcrc 

on drug treat ment va lucs o l'all paramcters werc abovc tbc normal leve ls. None ortbe subjccts 

showcd co ntrol over blood sugar random, blood pressure and renal function tests. Better 

responsc to drugs was thc outcomc in male subjects aged 49 - 61 years. Their BM! 

(P<O.004), serum urea (P<O.03) and serum creatini ne (P<O.003) were sign ificantly lower. In 

other age gro ups there was no difference between the two genders. On drug-wise comparison 

it was observed that ACE inhibitors were a better choice as compared to other 

antihypertensive agents. ACE inhibitors controlled the systolic blood pressure (P<O.OO I) , 

blood sugar random (P<O.029), serum urea (P<O.OOl), serum creatinine (p<O.005) ane\. serum 

potass ium (P<O.006), signi ficantly, in comparison with other antihypertensive drugs. 

Hypoglycea mi c drugs behaved in a simil ar manner. 

These observations suggest th at ACE inhibitors lowered the renal funcion tests and can limit 

the progress ion of nephropathy. Quantification predicts the risk of disease progression. ACE 

inhibitors had renoprotective and as well as antihypertensive effect. The study therefore is a 

step forward but still leaves the question unanswered about renoprotective effect of ACE 

inhibitors. 
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INTRODUCTION 

Devastating nature of diabetes mellitus can be envisaged from the fact that the di sease 

has become an epidemic in both developed and developing countries (WHO, 2004) . A 

large population of the world is suffering from this disease, and the health care costs 

are increasing every yea r. The number of patients affected with type II diabetes is 

around 200 million, and it has been estimated that th is will rise to around 366 million 

within the next 25 years (WHO 2004; Wild et a1., 2004). 

Diabetes UK reports that, at present in the United Kingdom there are 1.5 million 

people who are affected with the disease and about a million are still undiagnosed . It 

is expected that about 3 million people will be diabetic in the next few years (Colditz 

et aI., 1997). 'While it is repo rted that 7% of world population suffers from diabetes 

(Anthony et a!., 1999), and worldwide there are approximately 13 5 million cases 

known (King et a1., 1998). This number is predicted to increase to 230 million by 

2010 and 300 million by 2025 (Zimmet et a!., 1995). In Pakistan the prevalence of 

diabetes mellitus was observed as 16.2% in men and 11.2% in women (Shera et aI., 

1991) 

Diabetes is a life- long disease characterized by elevated blood sugar levels. 

Physiological reasons underlying are too little insulin characterized by impaired 

insulin secretion from pancreatic beta cells and or resistance to insulin in peripheral 

tissue, or both; body's production and use of insulin is impaired, causing sugar to 

build up in the blood stream above n01111al and excessive mobilization of body fats 

(Wild et al., 2004) . It is further characterized by hyperglycemia, microangiopathy and 

neuropathy (Edwards et a!. , 1991). 

CLASSIFICATION 

Most common diabetic types are: type T, type II and gestational. Type II diabetes is 

also knovvn as adult onset or non insulin-dependent diabetes mellitus (NIDDM), 

which is the most common fon11 of diabetes (Wild et a!., 2004). According to the 
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class ification of America n Diabetes Assoc iation , crite ria for diagnosis of diabetes, has 

bee n li sted into fO llr major categories (Mayfield, 1998). 

Type I 

Type Ii 

Type III 

Type IV 

Absolute insulin deficiency 

lnsulin res istance with an insul in secretion defect 

Maturity onset diabetes of young 

Ges tational diabetes mellitu s (GDM) 

Acco rding to ViHO diabetes is classified as: 

Type I 

Type II 

TypellI 

TypeIV 

insulin dependent diabetes mellihl s (IDDM) 

non-insulin depend ent diabetes me llitus (NIDDM) 

Maturity onset diabetes of young (MODY) 

Gestational diabetes mellitus 

DIABETIC NEPHROPATHY 

The major underlyi ng cause of type II diabetes is obesity, "vhich is now occurring in 

epidemic proportion in both developing and developed countries (Kuczmarski et al., 

1991). It has been Predicted in the United States where the problem of childhood 

obesity is even greater, that the child bom there today has a one in three chance of 

developing type II diabetes during hi s or her life time (Bamett, 2005). A combination 

of obesity and family history accounts for 90% of etiological load in type II diabetes 

(Colditz et aI. , 1995). 

Both environmenta l and genetic factors conh'ibute towards course and complication of 

the di sease. Diabetic disorder has been reported to run in fam ilies (Bell e t aI. , 1987) 

and the genetic factors , which are considered to have a key rol e in the susceptibility 

to\,va rd s d iabetic nephropathy, have emerged a decade ago . The gene tics of d iabetic 

nephropathy and hypertension overlap each other. Genes involved in blood pressure 

regulation and genet ic basis of hypertension is s till unfoldin g (V iberti et aI. , 1987; 

Kra lewski et aI. , 1988; Koren et aI., 1998). 
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The risk of type II (NIDDM) di abetes increases with age and is considerably higher in 

fourth and fifth decade than in the elderly. Moreover, Type II diabetes mellitus is 

more com mon in femal es than in men (WHO 1980). 

Diabetic nephropath y is a complication of diabetes in which kidneys lose their abi lity 

to function properl y. Thi s condition is characterized by microalbuminuria or 

proteinuria and accompanied with blood pressure. 

Complications assoc iated with type II diabetes include: 

M icroangiopathy (small vessel disease) such as diabetic retinopathy, as well as 

diabetic renal disease (nephropathy) are associated with increased cardiovascular 

morbidity and morta lity. It is the most common cause of chronic renal failure (Borch­

Johnson et al. , 1985; Diabetes care and research in Europe, 1990). 

In diabetes, 80% pati ents suffer from large vessel disease (macrovascular) . They die 

premature ly, from card iovascular disease, including coronary heart disease, stroke and 

peripheral vascul ar di sease (Kannel and McGee., 1979; Stamml er et ai., 1993; 

Haffner et a1. , 1998 ; Fisher and Shaw. , 2001). 

Diabetic nephropathy is a c linical syndrome characterized by persistent albuminuria, 

decline in GFR, rai sed blood pressure and increased mortality due to cardiovascular 

disease (Parving et ai. , 1996). Diabetic nephropathy is associated with both types of 

diabetes . (Haak. , 1997). Thus diabetic nephropathy is caused by a combination of 

microvascular and metabolic abnonnalities (Lovell. , 2000). 

Renal disease is recogni zed as a complication of type I diabetes, with reported 

prevalence rate ranging from 24 - 40% (Anderson et al. , 1983). The progressive 

deterioration of renal function leads to death from uraemia or cardiovascular disease 

with improved therapi es for blood pressure control, particularly inhibitors of renin 

angiotens in system, the prevalence of this complication has reduced , although 

indi viduals with type T diabetes are generally at a risk of renal disease of around 20 -

25%. Renal diseases in type II diabetes are not diagnosed properly by non-specialists 

mainly because pat ients di e from cardiovascular di sease long before they develop 
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uraemia (Macleod et aI. , 1995). Quarter to one third patients with type II diabetes 

show evidence of renal disease defined as persistent proteinuria in association with 

hypertension (Remuzzi et aI. , 2002). 

It is possible to detect the di abetic renal disease (incipient neplu'opathy) in the earlier 

phase because presence of microalbuminuria can be determined by measuring 

albumin excretion rate. Microalbuminuria is a strong predictor of later development of 

overt diabetic nephropathy (macroproteinuria) and is itself associated with a greatly 

increased risk of morbidity and mortality from cardiovascular disease. A number of 

studies have suggested thatmicroalbuminuria may be present in up to 40% of patients 

with type II diabetes (Gall et aI., 1997; Ritz, 2003., Adler et aI. , 2003). 

Both microalbuminuria and overt macroproteinuria are conunonly found at the 

diagnosis of diabetes, which shows that these patients had some degree of glucose 

intolerance for many years. About 50% patients diagnosed with type II diabetes show 

evidence of vascular complications particularly cardiovascular disease (UKPDS 

1998). 

A major finding of microalbuminuria in type II diabetic patients is that at least 5% of 

these patients develop overt diabetic neplu-opathy (macroalbuminuria) every year 

(Mogensen et aI. , 1984; Nelson et a!., 1991). Renal protein leakage is associated with 

doubling or even trebling of mortality. Patients with type II diabetes who are 

normoalbuminuric have 40% chance of dying over a period of ten years, compared 

with an 80% chance in the same individual with micro albuminuria. Five years after 

diagnosis of micro albuminuria 35% patients die and this increases to 50% in overt 

diabetic nephropathy (macroproteinuria). Consequences of diabetic neplu'opathy 

include the need for dialysis (Jarret et aI., 1984; Lacourciere et aI., 2000; valmadrid et 

aI. , 2000; O'Donnel and Chowdhury. , 2000; IDF, 2003). 

PATHOGENESIS 

The histological hallmark of diabetic neplu'opathy is diabetic glomerulosclerosis. In 

patients with renal diseases characterized by proteinuria, the initial damage to the 

kidney is usuall y followed by a progressive decline in the glomerular filtration rate . 
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Thi s decline is due to changes in renal hemodynamics initiated by the loss of 

nephrons (Brenner et aI. , 1982). Hemodynamic changes cause the hydraulic pressure 

in g lomerul ar cap ill ari es to rise which leads to glomerular hypertension leading to 

progressive renal damage. Hi gh glomerular cap ill ary pressure enlarges the radius of 

the pores in the glomeru lar membrane by the mechani sm that is m ediated at least in 

part by angiotensin II (Bolu'er et aI., 1977; Lapinski et aI. , 1996). This enlargement 

impairs the size selecti ve function of the membrane so that the protein content of the 

glom erular filtrate increases, which in turn increases the endocytosis of protein by 

tubular ep itheli al ce ll s, resulting in nephritogenic effect (Remuzzi and Bertain, 1990). 

A vicious cycle is then established in which changes in renal hemodynamics due to 

the loss of nephrons lead first to proteinuri a and then to the loss of nephrons 

The m etabolic facto rs invo lved are glycation of tissue proteins, including collagen 

along with increase in various growth factors invo lved in collagen synthesis, with 

reduction in negative ly charged proteoglycans and sialic acid resulting in the loss of 

g lomerulus (0' Donn ell et aI. , 2000).The bas ic les ion in the microvascular process is 

thickening of the capi Ilary basement membrane with increased leakiness, which leads 

to the development of advanced glycation end-product where glucose chem ically 

attaches to coll agen. Thi s is a generalized process and the leakiness of plasma proteins 

in one vascul ar bed often indicates similar abnormaliti es elsewhere. Tllis explains that 

mi croalbuminuri a is 110t just a risk factor for later development of chronic renal 

failure , but also points to ' bad ' blood vessels elsewhere in the body, including 

cardiovascular system (O'Donnell et ai. , 2000). 

NATURAL HISTORY 

Functional changes within the kidney are followed by structural changes. More than 

one half of pati ents are hypertensive at di agnosis of type II diabetes. This problem 

progresses with tim e such that around 80% patients with type II di abetes develop 

hypertention , inc luding all those with proteinuria (Ramsay et aI. , 1999; Bamett, 

2005). At diagnosis, around one-fifth of patients with type II diabetes are already 

mi croalbul11inuri c and this proportion may rise to 30-40% over time. Without 

interventi on, mi croa lbuminuri a converts to overt proteinuria in 5-10% of these 

patients each yea r (Ga ll et aI. , 1997; Ritz, 2003) . Newly diagnosed patients with type 
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II diabetes have overt macroproteinuria. Overt persistant proteinuria is followed by a 

ri se in serum creatinine leve ls and again, without intervention, end-stage renal disease 

(Ad ler et aI. , 2003). 

DISEASE STAGES 

Clinicall y, nephropath y in type TI diabetes is recogni zed on the basis of micro- or 

macro albuminuria, normally in association with hypertension, which, without 

intervention , leads to a progressive decline in renal function and massively increased 

risk of cardiovascul ar death. Nephmpathy in Type II diabetes is divided into two 

stages normall y incipi ent and overt nephropathy (Barnett, 2005). 

Incipient nephropathy refers to the phase of micro albuminuria confirmed on the basis 

of albumin excretion rate of 20-200 micro-gram / minute. Small but increased protein 

leakage is associated with serious morbidity and mortality. At this stage the process 

can be reversed or stabilized (Barnett, 2005). 

Overt nephI"opathy is associated with persistent proteinuria in a person with type II 

diabetes along with hypertension. It is associated with increased cardiovascular 

morbidity and motality and later development of end stage renal disease. Progression 

to renal failure can be slowed or even stabilized at this stage, but cannot be reversed. 

Overt protei nuria with leakage beyond 200 micro-gram / min tends to increase with 

time and is assoc iated with other cardiovascular risk factors, dyslipidaemia and 

hypertension (Barnett, 2005). 

Reduction of uri nary protein levels by various medications and a low protein diet 

limits the decline of renal function in individuals with nondiabetic and diabetic 

nephropathies to the point that they show remission of the disease and regression of 

renal lesions (Rellluzzi et aI. , 2006). 

END STAGE RENAL DISEASE 

Chronic kidney d isease (CKD) IS a worldwide threat to public health and 

approximately 
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1.S million people arc clllTently treated with renal replacement therapy, w hich 

cons ists 

of kidney transplantation, hemodi alysis, and peritoneal di alys is (Xue et a I. , 200 1; 

Remuzz i et a I. , 2005). Diabetes is tbe most common cause of ESRD . Patients w ith 

diabetes and on renal replacement therapy have a wors t outcom e (USRDS. 2005) . 

After 10-15 years of stable renal function, small amollnt of albumin appear in tIle 

mine of 20-40% of patients with both type I and type II diabetes is an early marker of 

nephropatby (Remuzzi et aI. , 2002; Ruggenenti et aI., 2004). If left untreated SO-

100% of microalbuIllinuric patients with type I, and 20-40% w ith type II diabetes 

progress to overt nephropathy, a syndrome of macroalbul11inuria w ith dec lining GFR 

and increased cardiovascular morbidity (Nelson et aI. , 1991). At least two third of 

pati ents with overt nephropathy will die from cardiovascular d isease befOl:e tbey 

progress to ESRD. Whi le on dialysis 21 % of these patients clie within one year (Wo lfe 

et aI. , 1999) 
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OBJECTIVES 

To compare and contrast the effects of antihypertensive and hypoglyceamic drugs in 

Type II diabetic I)atients with special reference to diabetic nephropathy as 

demonstrated by renal functions. 
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SUBJECTS AND METHODS 

The study des igned presentl y was prospecti ve and carried out at Rawalpindi General 

Hospital, Rm,va lpindi. A tota l number of 95 subj ects of both genders aged 35 - 75 

yea rs and suffe ring fro m di abeti c nephropathy du e to diabetes mellitus Type II, were 

included. The subj ects were picked up randoml y and were lm own hypertensives and 

had macroalbuminuri a. Antluopomorphic and clinical data included: family history, 

pas t medi ca l hi story, date of onset of diabetes mellitus, current diabetes status, 

ca rdiovascular di sease, glycaemic control and current therapy, current hypertensive 

status i. e., both systo I ic and di astolic blood pressure and current hypertensi ve 

treatment, dys lipidaemi c ststus and body mass index (BMI). The primary stud y 

obj ecti ve was to compare and contrast the effects of antihypertensive and 

hyperg lyceamic drugs in Type II di abetes mellitus and hypertension with 

macroalbu111inuri a. Secondary obj ectives aimed to assess levels of glycaemic and 

blood pressure contro l. 

Exc lusion cri te ria "vere: subjects with age less than 30 years, fever or urinary tract 

infecti on, posit ive leucocytes and nitrites indicative of significant bacteriuria or 

haematuria, chroni c pylonephritus and stone production disease, or diabeti c subj ects 

with stitched kidneys'. 

BLOOD SAMPLING 

Blood sampling was done to determine the baseline diabeti c and neplu'opathi c status. 

As it was not poss ibl e to take fasting samples, all samples were collected at random 

between 8.30 a.m . and 12.00 noon. 10ml periplu'al venous blood from the cubital vein 

was coll ected. 1ml blood was used to determine the blood sugar random and Hb%, 

remaining blood was used for determination of , cholesterol, triglycerides, urea, 

creatinine and electro lytes, fo r which blood was centri fuged at 2000 revolutions for 

fi ve minutes and serum thus obtained was stored at - 20C until analysed. 
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ULTRASOUND 

In order to prov ide in fo rmation about the ind ividuals kidney status, ul traso und was 

performed using a Toshiba ultrasound diagnostic system (Capsee mode l SSA-220 A) . 

For transabdo minal ul trasonography a convex abdominal probe of 7 MHZ frequency 

(model PYG-366V) \I,'as used. Transabdominal ultrasonography was performed to 

note gross abnorm ali ties and the effect of di abetes on the kidney. 

SERUM CHEMISTRY 

Serum cholestero l, triglycerides, urea and creatinine were analyzed on fully 

automated chemi stry analyzer, ( Selectra E:). Commercially available kits were used 

to analyse the above parameters. 

CREATININE 

Commercial (AMP diagnostics, Austria) kit was used fo r dete1111 ination of creatinine. 

Serum creatinine was measured by co lorimetric, Jaffe ' s k inetic method, which is 

based on the fact that the rate of color f01111ation is proportional to the concentration 

of the creati nine in the sample. The effect of the substance interfe ring, are reduced 

using the kinetic procedures. Normal range = 0.7 - 1.5mg/dl. 

UREA 

Commercial kit (cromatest of linear chemicals, Barcelona, Spain) used to determine 

serum urea. Urea is hydrolyzed by urease to ammonia and carbon dioxide. The 

ammonia is then co nverted to glutamate dehydrogenase in the presence ofNADH and 

oxoglutarate. The react ion is monitered kinetically at 340 nm by rate decreased in 

abso rbance not less than 1.100, resulting fro m the oxidati on of NADH to NAD, 

proportional to the concentration of urea present in the sample. Normal range = 20 -

40mg/dl. 
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CHOLESTEROL 

A commercial kit (Biocon f:luitest, Hitachisysem Japan) used to determine serum 

chol estero l. Cho les tero l is determined enzymeticaUy using cholesterol estrase and 

cho lesterol ox idase. Cho lesterol esters are c leaved during the actionto give free 

chol esterol and fa tty acid . Free cholesterol is converted by oxygen with the addition 

of cholestero l ox id ase to cholest-4-en-3-1 and hydrogen peroxidase. Hydrogen 

oxidase forms a red dye stu ff, under the catalytic action of peroxidase. The color 

intensity is directly proportional to the concentration of cholesterol and is determined 

photometrically by the lab system. Normal range = <200md/dl. 

TRIGL YCERIDES 

A commercial kit (p ioneer diagnostics, USA) was used to determine serum 

triglycerides. Tri glycerid es are hydrolysed by lipases to release glycerol and fatty 

ac id . Glycerol is converted by glycerol kinase illto glycerol phosphate. This is then 

ox idized by glycerol phosphate ox idase to dihydroxy acetone phosphate . Hydrogen 

peroxide re leased during the action is exposed to phenol and 4 aminophenazo le in the 

presence of peroxidase. A co lored compound thus formed is measured. Normal range 

= 150 - 200mg/dl. 

ELECTROLYTES 

Concentration of serum e lectrolytes, sodium (Na) and potassium (K.) were estimated 

by flame photometry. E lectrolytes like sodium (Na) and potassium (K.) when excited 

(heated at high temperature) emit spectra with definite wavelengths (sodium at 589 

11m and potassium at 67 1nm). The solution in which electrolytes are to be measured is 

sp rayed on the flam e with the help of an atomizer. The concentration of sodium and 

potassium is read as shown on the digital read out device of the instrument. Normal 

range, N a = 135 - 1501111110111, K. = 3.5 - 5 111mo lli. 
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BLOOD SUGAR RANDOM 

Blood sugar was estimated with the help of a glucometer (ACCU-CHEK, with test 

strips of Roche diagnostics). A drop of blood was applied to the application pad . 

R eading was displayed after 15 seconds on the glucometer screen, which was 

reco rd ed. Normal range = 100 - 140 mg/dl. 

URINE PROTEIN 

Urinary proteins were estimated with the help of CYBOW strips (DFI CO., Ltd 

Korea). These reagent strips for urinalysis are for the rapid detenllination of proteins 

in the urine. 

Fresh urine samples were collected in clean dry container. Reagent strips were 

inserted in the urine up to the test area for two seconds. The edge of the strip was 

drawn along the brim of the container to remove excess urine. If proteins are present 

in the sample, the co lor was changed from yellow to blue green. Test results were 

compared carefully with the color chart and measured. 

BODY MASS INDEX 

Body mass index is a reliable indicator of body fat. It was calculated by dividing body 

weight (Kg) with square of height in meters . Normal range = 18 - 25 .T . 

BMI = Bod y wt (Kg) 

Height (m2) 

BLOOD PRESSURE 

Blood pressure was reco rded Llsmg a standard method with mercury 

sphygmomanometer. Target blood pressure was taken as 120/70nunHg. 
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Drugs 

Five different antihypertensive drugs and two hypoglyceamic drugs were used. 

I Antihypertensive drugs 

Zepres (ACE inhibitors) were used in a dosage of 5 - 20 mg/day. 

Treatan (ARB 's) were L1sed in a dosage of 4 - 16 mg/day. 

Tenormin (beta blocker) used in a dosage of25 - 100 mg/day. 

Norvasc (Calcium channel blocker) L1sed in a dosage of 5 - 10 mg/day. 

Capotin in a dosage of 25 - 100 mg/day. 

II Hypoglyceamic drugs 

Daonil (Glibenclamide) 5mg tablets. 

Glucophage (metformin) 250 - IG tablets. 

STATISTICAL ANALYSIS 

For the purpose of data analysis and companson these subjects were divided into 

groups age 'wi se and drug wise . The values in tables and text are presented as mean 

±SD (standard deviation) . Student's t-test was used for exploratory comparison of 

initial parameters between male and female subjects . Excel and statistica statistical 

packages (statistica version SPSS 13. Stat Soft) were used for data analysis . Limit of 

significance was set at P<0.05. Comparison among different drugs, were made by 

single factor analysis variance (ANOV A) using Sigma Stat (version 2) to compare the 

variation of different parameters. Further, Dunken 's and tukey' s tests were applied to 

carry out the comparison among different treatment groups. P value (probability) less 

than 0.05 was considered significant 

Percentage of few parameters was taken. 

Percentage of smokers 

Percentage of stress 

= no of smokers x 100 

Total no of subjects 

no of subj ects effected with stress x 100 

Total no of subjects 
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Percentage of exercise = no of subjects doing exerci se x 100 

Total no of subj ects 

Percentage of restri cted di et no of subj ects on restricted diet x 100 

Total no of subjects 

Percentage of unrestricted di et = no of subj ects on umestricted diet x 100 

Total no of subjects 

Percentage of dru gs used = no of subj ects using a drug x 100 

Total no of subj ects 
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RESULTS 



SUBJECTS 

A total o r 95 mal e and fe male diabetic subj ec ts being treated for hypertension and 

hyperglycea mi a were included in the present study. For comparison and data handling 

subj ects were divided into different groups age w ise and drug wise. Subj ects taking 

antihypertens ive drugs were divided into five groups, where ACE inhibitors were 

compared w ith other four antihypertensive drugs. Hypoglycemic drugs were divided 

into three gro ups and diaonil was compared w ith the other two. 

GROUP I (35 - 48 years) 

T hi s group co ntained males (n = 7) andlemales (n = 13), with age range of 40-42 

yt.:a rs. Tht.: pt.:r iud oj' illn t.:ss was it.:ss in lll a it.:s as cO lllpart.:J to lClllait.:s and rangt.:d 

between 4 .85 - 5.30 years. 

Body Mass Illdex 

Body mass index 111 mal es was lower as compared to females with no significant 

difference between the two (Table 1). 

Heanwglohill 

Heamoglobin concentration was 11.57±0.95 (mg/dl) in males, which was nOI1-

s ig nili cantly (1'>0.05) grea te r (han the females IO .30±O.3 1 (mg/dl) (Table I) . 

Blood Sugar ROIle/o/ll 

Blood suga r random was less in males as compared to females but it remained non­

sign ifi ca ntl y differt.:nt between the two genders (Table 1). 

Blood Pressure 

Blood pressure was higher in females as compared to males. Diastolic blood pressure 

of males was significantly (P<O.05) lower than the females in contrast, systolic blood 

pressure showed no significant difference between the two genders (Table 2) . 



Renal Function Tes ts 

Serum urea co ncentration was greater in males as compared to females in this group 

w ithout any marked difference between the two (Table 3). Serum creatinine was 

a lmost s imilar in mal es and females and ranged between 1.1 2 - 1.37 (Table 3). Serum 

sodium in males was 138.85±1.1 8 (1111110111), which was higher as compared to 

females J3 5.38±0.83 (111molll). There was sta ti stically significant (P<0 .026) 

difference in the sodiu111 concentration between the male and female subj ects . Values 

for serum potassium concentration and macroalbuminuria were almost similar in both 

male and fe male w ith no s ignificant difference (Table 3). 

Lipid Pro.file 

Serum choleslerol level s were hi gher in mal es 2 1 9.7 1±17.47 (mg/d l) as eomp<lred to 

fema les 199.38± 11 .66 (mg/dl) but the diffe rence between the two was non­

s ignificant. Serum triglycerides concentration in males was less as compared to 

females but thi s parameter also remained non significantly different when a gender 

comparison was made (Table 4) . 

S ignificantly greater percentage of males (71 %), were smokers as compared to 

fe males (1 5%). A lmost a ll males (100%) were under stress and only 43% were doing 

regular exercise as compared to fema les who were under stress (77%) and only 30% 

among them were doing exercise (Fig 1). The percentage of males taking unrestricted 

did i.e . all types o r rood were 100'% as co mpared lo females among w hom 54'% were 

on res tricted d iet while 46% were on unres tricted diet, 
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Table 1 

BMI, heamoglobin and blood sugar' random of both male and female 
\ 

sub.iects ill Group 1 (35yrs - 4Syrs) 

Parameters 

B1\:11 (Kg/m2) 
(Nor/JIol range: 18 - 25) 

Hb (mg/d l) 
(Nor/JIa l range: Jv/ 13 - 17 /JIg/dl) 

(F 12 - 15 /JIg/df) 

Males 
(n=7) 

24.47±1.3S 

II .S7±0.9S 

Blood sligar random (mg/dl) 

(No/'ll/(/ l range J ()() - J 4() /JIg/d/) 

209 .42±2 7.09 

All va l lies arc g iven as mea n ± standard error (S.E.M). 
BMI = Body Mass Index. 
I-Ib= heamoglobin 

Table 2 

Females 
(n=13) 

26.60±1.40 

10 .30±0.31 

236.84±21 .76 

Systolic and diastolic blood pressure in Group I (35 - 48yrs) of males and 

female. 

Pammeters 

B lood pressure 

Systo lic (111111 Hg) 

(Target /I P: 1]0 111111 /-Ig ) 

Diastolic (mm Hg) 

(Twge/ HV' 70 11/111 /-Ig ) 

Al l valucs a rc givcn as Ill ea n ± standard error (S .E.M) 

Male 

(n-7) 

142 .14±S.7S 

89.28±3.16 

*P<O.05 shows s ignifica ntly hi gher di asto lic blood pressure in feilla le subjects. 
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Female 

(n-13) 

lS2.30±6.78 

98.07±2.00* 



Table 3 

Renal function tests in type II diabetic males and females of Group I 

(35 - 48yrs) 

Parameters 

Urea (mg/dl) 
(Norlllu l m nge: 20 - 4() /l/g/dl) 

Crea ti nine( mg/dJ) 
(Nor/l/ aL rallge: 0. 7- J. 5 II/g/dl) 

Sod ium (mmol/ I) 
(Norlllal mllge: 135 - 150 1II11/01/L) 

Potassium (m11101l1) 
(Nor/l/a! mllge: 3.5 - 5 II/II /O /I !) 

Macroalbll m il1l1ria 
(Norll/a! ra llge: 0) 
(+ I =200micro g/min ) 

Males 
(n=7) 

45+5.52 

1. 12±0.22 

138.85+ 1.1 8 

3.58±0.08 

1.50+0.24 

All va lues are given as mean ± standard error (S .E.M). 
* P<().026 show signifi cant ly lower serum sod iulll in females 

Table 4 

Females 
(n=13) 

35.38±2.68 

1.37+0.21 

135.3 8+0.83* 

3.63±0.15 

1.50+0.19 

I,ipid profile in type II diabetic males and females of Croup I (35 - 48 yrs) 

Pm'ametel's 

Cholestero l (mg/dJ) 
(Norll/ a! mllge < 200 II/gldl) 

Triglycericles (mg/dl) 
(Norl11a! rallge < 200 II/gldL) 

Males 
(n=7) 

2 19.1 7±17.47 

217.46+8.92 

All va lues are given as Ill ean ± stand ard error (S .E). 
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Females 
(n=13) 

199.38±1 1.66 

228.46+20.93 



Pig. I Smok in g, slress and exercise percenlage in subjecls suffCring frol11 Type II 
cliahG(Gs, in (irollp I (35 - 4R) yea rs. 
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Fig. 2 Percentage of subjects taking restTicted and unrestricted diet with Type II 
diabetes 

in Group I (35 - 48) years. 

120 I IIIII Males 
• Females 

100 

;? 
0 80 -en 
t3 
<l.l 
B 
::J 

60 (f) 
..... 
0 
L... 

<l.l 
.0 
E 40 ::J 
Z 

20 -1 

I 
I 

0 I 
!\. !\. 

&-10 &-10 
l> l> .(} . ~ 

~" ",v 
10° ~ 
~ !-,IO 

v~ 

20 



Antihypertensive drugs 

Majority of subjects were taking ACE inhibitors, out of which 41 % were males and 

23(%werc females. Capotin was the second common drug, in use of Group I, in which 

30% males and 3 1 % females were taking it. The percentage of males and females 

taking norvasc was found to be 29% and 15% respectively. Tenormin and ACE 

inhibitor+ARB's were not being used by the males while 16% females were using 

tenonnin and 15% were on ACE inhibitors+ARB's (Fig 3). 

Hypoglyceamic drugs 

Coni.bination of diaonil and glucophage was 111 use of majority of females (61%) 

where as only 42% males were taking this combination. Diaonil was in use of 29% 

males and 31 % females. Glucophage was the least used drug as the females taking 

this drug were only 8%) on the contrary 29% males were taking glucophage (Fig 4). 
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Fig. 3 Male unci female subjects taking anti-hypertensive drugs with Type II diabetes 
in Group I (35 - 48) years. 
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Fig.4 Percentage o r mal e and fem ale subj ects taking hypoglycem ic drugs wi th Type 
II Diabetes me ll itus, in Group I (35 - 48) years. 
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GROUP II (49 - 61 years) 

T hi s group contained (n=31) females and (n=25) males wi th age ranging between 52 

- 53 years. The mean age of females was signi ficantly (P<O.01) higher than the males . 

T he period or illness ranged between 10 - II years showing no significant difference 

betwee n the two genders. 

/Jody Muss IlIdL'x 

Mean body mass index in males was 26.0.73±0.73 (Kg/m2), which was significantly 

(P<0.004) lower than the mean BMI in females 28 .31±0.79 (Kg/m2) (Table 5) . 

H eoll IOgLobill 

Heamoglobin levels of male subjects were 10.79±0.27 (mg/dl) while those of female 

subj ects were 10 .01 ±0.26 (mg/dl) . There was a significant difference (P<0.05) in the 

heamoglobin content of male and female subj ects (Table 5) . 

BLood Sugar Ralldolll 

BSR was 290.32±11 .79 mg/dl in males, which was higher as compared to females 

278.87±1 0.20 mg/dl but the difference was non significant (P>0.05) (Table 5). 

Blood Press ure 

Mean systo lic and diastolic blood pressure II1 males and fema les was almost 

co mparabl e onl y showing a slight rise in the fema les but did not show any significant 

(P>0.05) di ffe rence with those of males. 

RellaL FUllctioll Tests 

Serum urea concentration II1 females was 42.08±1 .96 mg/dl , which turned 

s ignificantly greater (P<0.035) than the males (36 .58±1.64 mgdl) (Table 7). Serum 

creatinine was higher 1.58±0.09 mg/dl in females as compared to males 1.22±0.08 

mg/dl with the difference being markedly significant (P<0.003) (Table 7) . Serum 

sodi um was a lmost similar between male and female subj ects (Table 7) whi le serum 

potass ium levels were grea ter in males 4.32±0.1 2 (mmolll) as compared to females 

3.73±0. 11 (mmol/ I) showing a significant di fference between male and female 

diabetics (P<0.002) (Table 7). Macroalbuminuria presented no significant difference 

between male ami [cmale diabetics (Table 7) . 
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LljJid Pro/ile 

Serum cholesterol and triglycerides (Table 8), showed no marked difference when 

mean values of the two parameters were compared between males and females. 

Significantly greater percentage of males (84%), were smokers as compared to less 

number of females (I OlyU) . 84% males were under stress and an almost equal number 

of females (87%)) were under stress. A greater percentage of females (42%) were 

doing regular exercise as compared to males (36%) (Fig 5). The percentage of males 

on unres tricted diet i.e. all type of food, ·was 72% as compared to females (65%) while 

those on restricted diet were 28% and 35% respectively (Fig 6). 
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Table 5 

BMl, l-Ieamoglobin and blood sugar random of both male and female 

subjects in Group II (49 - 61yrs) 

Parameters 

BMl (Kg/m2) 
(Nor/llal range: 18 - 25) 

I-Ib (mg/dl) 
(Nor/llal range: M 13 - 17 mg/dl) 

(F 12 - 15 mg/dl) 

Males 
(n=2S) 

26.±0.73 

10.79±0.27 

Blood sligar random (mg/dl) 

( Nor/llal range: 100 - 140 IIlg/d/) 

290.32+11.79 

All values arc given as Ill ean ± standard error (S.E.M) . 
BM I=Body Mass Index. 
I-Ib=l-Icallloglobin 

*( P<O.004) shows sign ifi cantl y hi gher BMI in fe illale subj ects. 

Table (i 

Females 
(n=31) 

28.31±0.79* 

10.01+0.26 

278.87±10.20 

. Systolic and diastolic blood IH'csslirc in Group II (49 - 61yrs) of males and 

females, 

Parameters 

Blood pressure 

Systolic (111111 Hg) 

(Target BP: 120 JIlI11 Hg) 

Diastol ic (mm Hg) 

('l'arge/ BP: 70 JIlIII Hg) 

A II valucs arc givc n as Ill can ± standard error (S. E. M) 
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Males Females 

(n=2S) (11=31) 

143 .20±3.53 147.90±2.85 

90.20+1.94 95.16±1.30 



Table 7 

Renal function tests in type II diabetic male and female subjects of 

Group 11 (49 - 61 yrs). 

l>arameters 

l J r~a (Ill g/dl) 
(Norlllal range: 20 - 40 IIlgldl) 

Crcati nine( mg/dl) 
(Normal range: 0.7 - 1.5 mgldl) 

Sodium (m11101l1) 
(Norlllal range: 135 - 150 //llllolll) 

PotassiU111 (1111110111) 
(Normal range: 3.5 - 51111110111) 

Macroalbuminuria 
(norll1al range: 0) 

(+ I > 200 111 icro gil) 

Male 
(11=25) 

:17.45-1-1.74 

1.30±0.09 

138.62±1.04 

4.32±0.12 

1.36±0.12 

All va lues are g iven as mean ± standard error (S.E.M). 
*P<O.035 shovJs signifi cantl y hi gher leve ls Se rLlI~l urea in females. 
** P<O.003 .sbows signi ficant ly hi gher level s serum creatinine in fe males. 
*** P<O.002 shows s i g nif~ ca ntl y hi gher leve ls serum potass ium in fema les. 

Table 8 

Female 
(11=31) 

42.08+ 1.96* 

1.58±0.09** 

139±1.36 

3.73+0.11 *** 

l.SO±O.l1 

Lipid profile in type II diabetic males and females of Group I (49 - 61 y."s) 

Paramctcrs 

Cholestero l (mg/dJ) 
(Norlllal range <200 mgldl) 

Triglycerides (mg/dl) 
(Norlllal runge <200 IIIgldf) 

Males 
(11=25) 

221.92±8.14 

242.29± 13.08 

All va lucs are given as mean ± stand,lI·d error (S. E. M) . 
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Females 
(n=31) 

21 7. 66±8. 12 

236.83±11.17 



Fig. 5 
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Fig. 6 Percentage of subjects taking restricted and umestricted diet in Type II 
diabetes Group 11 (49 - 61yrs) 
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A ntihypertensive drugs 

Majority o f subj ects were taking ACE inhibitors, out of which 32% were males and 

26'%were rem ales . Capo tin was the second common drug in use of Group 11, in which 

12% males and 42'% females were taking it. The percentage of males and females 

taking norvasc was 8'% and Y% respectively. Tenormin and ACE inhibitor+ARB's 

being used by the males was 20% and 24% while in females it was 13% and 16% 

respectively (Fig 7). 

f-f)'poglycewnic drugs 

Co mbination or diaonil and glucophage was in usc by the majority , fcmales (67%) 

and males (44'%). Diaonil was in use of28(% males and 23% females. Glucophage 

was the least used drug by the females as its percentage was found to be 10% in 

females while 28°/., males were taking tl~i s drug (Fig 8) 
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Fig. 7 Percentage of'male and female subj ec ts taking antihypertensive drugs in Type 
II Diabetes me llitu s Group II (49 - 61 yrs) . 
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Fig. S Pereen[(Ige or 111(1 Ie and females ~ubjects taking hypoglycemic drugs in Type 11 
diabetes mel I i Lus ill Group II (49 - G 1 yrs). 
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GROU I' III (el2 75 yea rs) 

Thi s group conta ined (n=5) males and (n=9) females whose ages ranged between 66 -

70 years. The onset o r diabetes me llitus was between 14 - 24 yea rs and femal es 

showing an early onset of diabetes. 

Body Mass fn dex 

BMI of females in this group was higher but remained non-significantly (P>0.05) 

different as co mpared to males (Table 9) . 

H eol/lOg /u.bin 

Heamoglobi n leve ls of males were 10+0.89 mg/dl while those of females were 

10AO±0.5 1 mg/dl. There was no significant difference (P<0.05) in the heamoglobin 

concentrat ion of male and female subjects (Table 9). 

Blood Sugar Randolll 

BSR was 290.20±39.90 mg/dl in males, which was higher as compared to fema les 

248±24 .03 mg/dl but the difference was not significant (P>0.05) (Table 9) . 

Blood Pressure 

Mean systo lic and diastoli c blood pressure in males and females shown in (Table 10). 

Systo lic and diastolic blood pressures were almost the same, only showing a slight 

ri se in the females . Oi rrerence between males and females was however non­

s ignificant (P>0.05). 

Rellal F Ullctioll Tes/s 

Serum urea was 39.80±3 .32 mg/dl in males while in the females it was 35.50±2.68 

I11 g/dl but the di fference between the two genders was non significant (P>0.05) (Table 

11) . Serum creatinine was higher lA2±0.17 mg/dl in males as compared to females 

1.23±0.12 mg/dl with no difference (P>0.05) (Table II), whereas both electrolytes 

did not show any significant difference between males and females (Table 11). 

Macroalbuminuria presented no significant difference between males and females 

(table I I). 
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Lipid Profile 

Serum cholestero l and triglycerides (Table 12), showed no marked differences 

between thc mean va lues of the two parameters between male and females . 

S ignificantly greater percentage of males (20%), were smokers as compared to 

females (11(%). All males (100%) were under stress as compared to females (67%). A 

greatel' percentage of females (78%) were doing regular exercise as compared to 

males (60%) (Fig 5) . The percentage of males on unrestricted diet i.e. all types of food 

was 60% as compared to females (67%) while those on restricted diet were 40% and 

33% males and females respectively (Fig 6). 

34 



Table 9 

Age, pel"iod of illness and body Illass index of both male and female 

subjects in Group III (62yrs - 75yrs) 

Parameters 

BMf (Kg/m2) 
Normal range (J 8 - 25) 

I-Lb (mg/dl) 
Norlllal range (M J 3 - 17) mg/dl 

(F J 2 - 15) I11g/dl 

Blood s ligar random (mg/dl) 
Norlll(fl range (J 00 - J 40) Ing/(ll 

All valucs arc givcn as IllC;ln :!:. standard crror (S.E). 
BMI Body Mass Index. 

Table 10 

Male 
(11-5) 

25.22.+2.20 

10±0.89 

290.20±39.90 

Female 
(11-9) 

26.66+1.72 

10.40+0.5 1 

248+24.03 

Systo lic and diastolic blood IH'essure in Gl'OUp III (62 - 75yrs) of males 

and female 

Parameters 

Blood pressure 

Systolic (1111ll Hg) 

torget JJP (/20) 1/111/ Hg 

Diastolic (mm Hg) 

Target BP (70) 11/1/1 Hg 

Al l va lues arc give n as mean :!:. standard error (S .E) 
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Male Female 

(n-25) (11-31) 

157±13 1 G7.22±G.G7 

9G±2.44 97.77±2.37 
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Table 11 

Renal function tests in type II diabetic male and female subjects of group 

III (62 - 75) years. 

Parameters Male 
(n-25) 

Urea (mg/dl) 39.80±3.32 
Norll1al range (20 - 40) II1g/dl 

Creatinine(mg/dl) 1.42+0.17 
Norll/a l range (0.7- 1.5) /I1g/dl 

Sodium (mmol /l) 138.40+5.48 
Norll/ol range (/35 - 150) I1l111011f 

Potassium (mmol/ l) 4.48±0.48 
Norn;al range (3.5 - 5) 111/110111 

Macroalbuminuria 2+0.44 
Norll/al range (0) 
+ I > ] ()() lIIicro gill 

A II va l ucs arc gi vcn as mcan ± standard error (S. E). 

Table 12 

Femalc 
(n-31) 

35.50±2.68 

1.23±0.12 

140.55+2.18 

3.72±0.21 

2.33±0.33 

Lipid prof1ie in type II diabetic male and female subjects of groupIII (62 -
75) 

Years. 

Paramcters Male Female 
(n-5) (n-9) 

-+ MCEN 

--- Cholestero l (mg/dJ) 223.20±lS.lS 227.22±10.90 
Norll/o l range <200 I/1g/dl 

Triglycerides (mg/dJ) 2S0.40±44.49 245±22.98 
Norll/al range <200 II/g/d/ 

All va lu es are given as mean ± standard error (S.E) . 
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Fig. 9 Percentage of smoking, stress and exerc ise in subj ects with Type II diabetes 
mellitus ill G roup TTl (62 - 75). 
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Fig. 10 Percentage or taking restricted andunrestrieted di et in Type n diabetes 
mellitus in Group II (62 - 75) years. 
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Alltiilyperte/lsil'e drugs 

Majority of Subjects were taking ACE inhibitors, out of which 40% were males and 

22 (% were females the numbers of male subjects taking Capotin was 20% while those 

females were 23f%. Males and fen1ales taking norvasc were 20% and 23% 

respectively. Males and females using ACE inhibitors + ARB's were 20% and 23% 

respectively. Tenormin was not being used by any of the subjects (Fig. I I ) 

Ilyp()g~"celllllic IJrugs 

In this group of aged Males and Females, all subjects exclusive of gender were taking 

a combination of diaonin and glucophage (Fig.12) 
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Fig. 11 Perccntagc or ma le and fema le subjects taki ng anti hypertensive drugs in Type 
11 Diabetes in group III (62 - 75 years). 
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Fig. 12 Percentage of Illa le and females subjects taking hypoglycemic drugs in Type 
II diabetes Ille llitu s in Group II (62 - 75) years. 
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COMPARISON OF DRUGS 

Males· and females subjects were combined while doing the comparison of the 

effects of dilTerent antihypertensive drugs and hypoglyceamic drugs. Comparisons 

were made using one-way Anova, Dunn's test, Tukey's test. For antihypertensive 

drugs ACE inhibitors were kept as control while for hypoglyceamic drugs diaonil 

was considered as control. 

ANTIHYPERTENSNE DRUGS 

Five different antihypertensive drugs were included. ACE inhibitor was taken as 

control and compared with subjects on combination of ACE inhibitors and ARB's, 

capotin, tenormin and nOl·vasc. 

BMf 

None of the treatment drugs effected BM!. All five drugs behave in a similar 

manner. 

BLOOD PRESSURE 

ACE inhibitors significantly (P<O.003) reduced systolic blood pressure while 

norvasc was the second best drug in lowering significantly (P<O.05) the systolic 

blood pressure. Capotin, Tenormin and combination of ACE inhibitors + ARB's 

on the other hand failed to bring the systolic blood pressure closer to target blood 

pressure. None of the antihypertensive drugs showed significant difference in 

lowering the diastolic blood pressure among them as regard their action showed 

no difference. 

BLOOD SUGAR RANDOM 

BSR was significantly lowered (P<O.029) in subjects on ACE inhibitors while the 

rest of the drugs failed to bring any 'change in BSR or bringing it closer to nomlal 

levels. 
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HEAMOGLOB fN 

I-Icamog lob in concentration was not affected by any of the antihypersentive 

agents. 

RENAL FUNCTION TESTS 

None 0" the treatment dru gs affected albuminuria while serum urea hi ghly 

s igni ficanLly (P<O.OO 1) affected. ACE inhibitors reduced serum urea while capotin 

and tenormin red uced it significantly (P<O.05) Norvasc and a combination of ACE 

inhibitors and ARB's remained ineffec tive in reducing serum urea. Serum 

creatinine was s ignificantly lowered (P<O.005) with ACE inhibitors while the 

second effect ive drug in lowering the serum creatinine was the combination of 

ACE inhibitors + ARB's with significantly (P<O.05) decreased the creatinine . 

Serum sodium showed no response to drugs while serum potassium was 

signitica ntly (P<O.006) lowered the ACE inhibitors, and nOt'vasc was the second 

dru g in lowering the potassium levels significantly (P<O.05). Other three drugs 

however show no such effect. 

LIPID PROFILE 

None of the treatment drugs control serum cholesterol and triglycerides level. 
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Table 13 

Comparison among antihypertensive drugs Using one-way ANOV A 

keeping ACE inhibi tor as control in subjects with Type II diabetes 

mellitus. 

Paramctcr ACE Inhibitor Capotin Tcnormin Norvasc ACE 

inhibitor 

+ 
ARB's 

Number 
BMI (kg/m2) N.S N.S N.S N.S N .S . 
Systolic B .P(111111 Hg) N.S N.S N.S <0.05 <0.001* 
Diastolic B.P(mml-Jg)N.S N .S N.S N.S N.S 
BSR (mg/dl ) N .S N.S N .S N .S <0.029** 
Hb (l11g/dl) N.S N.S N.S N.S N.S 
A lbumin N.S N.S N.S N .S N.S 
Urea (l11g/d l) N.S <0.05 <0.05 N .S <0.001 *** 
Creatinine (mg/d l) <0.05 N .S N.S N .S <0.005 **** 
Sodium (mmolll) N.S N.S N.S N.S N .S 
Potassium (111mol/ l) N. S N .S N .S <0.05 <O.OOG***** 
C holesterol (mg/d l) N .S N .S N .S N .S N .S 
Triglyceride (l11g/dl) N .S N .S N .S N .S N.S 

N.S Non significant 
*P<O.OO I shows hi ghly significant difference in controlling systo lic blood pressure > norvasc 
(P<O.OS»tcnorlllin , capotin ACE inhibitors + ARB's 
**P<O.029 shows hi ghly signifi ca nt difference in controll ing BSR then other four antihypertensive 
drugs. 
***P<O.OOI shows hi ghl y signifi ca nt diffcrcnce in controlling scrum urea > tcnormin and ca potin 
(P<O.OS) > norvasc and AC E inhibitors -1- ARB' s. 
** **I'<O.(JOS shows highl y significant dilTcrcncc in controlling scrul11 crcati ninc > ACE inhibitors + 
ARB 's (P<O.OS ) > other three drugs. 
***** P<O.OOG shows highly signi fica nt difference in controlling scrulll potass iulll > norvasc (P<O.OS) 
- . othcr thrce drugs. 
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HYPOGLYCEAMIC DRUGS 

BMI 

No ne o f the treatment affected BSR and behave in the same mannger. 

BLOOD PRESSURE 

Diaonil he lped in significantly (P<O.003) reducing the systolic blood pressure while 

glucop hage also reduced the systolic blood pressure (P<O.05) . Similarly diastolic 

blood pressure was also significantly (P<O.008) reduced with diaonil while 

g lucophage alone o r in combination with diaonil had no effect. 

BLOOD SUGAR RANDOM 

None of the treatment affected BSR. 

HEAMOGLOBIN 

All hypoglyceamic agents behaved similarly and did not effect heamoglobin 

concentration. 

RENAL FUNC'T!ON TESTS 

No marked dille rence was observed In case of albuminuria. Serum urea was 

s ig nifica ntl y lowe red (P<O.004) with diaonil while the other two did not bring any 

change. Serum creatinine remained the same. Serum electrolytes viz. sodium and 

potass ium remain ul1alTected. 

LIPID PROFfLE 

In comparison serum cholesterol and triglycerides remain the same. 
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Table 14 

Comparison among Hypoglycemic drugs using one way ANOV A 

keepin g Diaonil as control in subjects with type II diabetes 

mcllitus. 

l>arametcr Glucopha ge Diaonil Daonil 

+ 

Glucophage 

Number 
BMI (kg/m2) N.S N.S N.S 
Systolic B.P(mm Hg) <0.05 N.S <0.003* 
Diastolic B.P(mm Hg) N.S N.S <0.008* * 
BSR (mg/dl) N.S N.S N.S 
j-]b (mg/dl) N.S N.S N.S 
Albumin N.S N.S N.S 
Urea (mg/d l) N.S N.S <0.004* ** 
Creatinine (Illg/dl) N.S N.S N.S 
Sodiu111 (11111101/) N.S N.S N.S 
Potassium (mmolll) N.S N.S N.S 
C'holc!; (crol (l11 g/dl ) N.S N.S N.S 
Triglyceride (l11g/dl) N.S N.S N.S 

N.S non signiti ca nt. 
*P<O.003 shows signiti ca nt diffe rence ill controlling systoli c blood pressure > glucophage (P<O.05) > 
gl ucophage + Diaon il 
** P<O.008) shows signifi cant difference in controlling diastolic blood pressure than other two drugs. 
*** P<(J .004) shows signiJi cant difference in controlling urea than the other two drugs. 
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DISCUSSION 

The present prospective study was carried out on subjects afflicted with type II 

diabetes mellitus, known hypertension and macroalbumil1uric. The study was 

designed to determinc the role of agents that inhibit the rennin angiotensin system 

(A(,L illhibilor) ill bolh prcvcnling Ihc dcvclopl1lcnt or diahctic ncphropalhy and 

limiting its progress ion. These agents can provide a greater cardiac and renal 

protection than that can be achieved through lowering of the blood pressure alone and 

hence they arc an essential part of modern diabetes management (Barnett, 2005). The 

study was carried out on 11=95 subjects with Type II diabetes mellitus along with 

hypertension and macroalbuminuria. 

BLOOD SUGAR 

Plasma glucose showed no variation when compared age wise or gender wise in our 

study. Raised levels of glucose are responsible for various complications of diabetes 

(Ruderman and 1-laudensci1i1d, 19H4). Hyperglycemia is a risk factor for diabetic 

nephropathy (DCCT group, 1993) and in patients with overt nephropathy it is related 

with the loss of renal function (Mulec et aI. , 1998). The United K ingdom Prospective 

Diabetes Study (UKPDS; 1998) has shown conclusively that intensive control of 

blood glucose reduces the risk of di<;lbetic nephropathy in patients with Type II 

diabetes , while in the present study the patients presented with high levels of glucose 

and were nephropathic. The reason for raised glucose levels were quite possibly 

unawareness, lack of education and less understanding of the disease. Elevation of 

blood sugar levels as observed here may have been due to there lesser percentage of 

subjects on' restricted diet. Moreover these subjects had the history of taking 

unrestricted diet, lack of exercise and a greater stress. In the present study there was 

statistically no dit1erence gender wise while Laasko (1987) showed elevated levels of 

blood sugar in females. This increase of blood sugar in females implicate marked 

metabolic disturbances in them which may predispose them to various complications 

of diabetes than their mal e counter parts (Ahmad, 19/U). Recent studies suggest that 

dietary modification and increase physical activity can reduce the risk of Type II 

diabetes. (Tuomilethoi et al.,200l; DPPRG. ,2002) 
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Prior to the publication of the UKPDS results in 1998, all the evidence for the benefits 

of blood pressure lowering in patients with diabetes had been extrapolated from data 

taken from the general population. UKPDS in 1998 studied hypertensive subj ects with 

d iabetes Type II that showed a dramatic risk reduction in vascular endpoints and 

Illorlalil y. T he re W; \S s ignili canl redllc li on in Ihe inc idence o r nephropalhy wi lh slri c l 

g lyce<lmi c co ntrol. 

Obes ity has a strong re lati onship with hyperglycemia. Increased blood sugar levels 

tend to predispose to complications like nephropathy and cardiovascular problems 

unl ess there is mitigation of obesity (WHO, 1980).In present study, in the age Group II 

(49-6 1 yrs) 8MI was significantly (P<0.004) greater with increased levels of blood 

sugar as compared to the Group I and Group III. These patients were taking 

sulfonylureas and metformin as oral hypoglyceamic drugs. The effect of metformin in 

reducing the ri sk of renal fa ilure was similar to other hypoglyceamics but it reduces 

till: ri sk or myocardial inrarction than other hypoglyceamic agents. It was 

recommended that metformin should not be used in subj ects with impaired renal 

runctions as it increases the ri sk o r lactic acidosis (U KPDS , 1998) 

Type n diabeti c subj ects have a ri sk of fatal and non- fatal cardiovascular events and 

nephropathy. This poor outcome is related to hyperglycemia and hypeltension (Gall et 

a l. , 1995; Dinneen et al., 1997; Gerstein et al. , 2001) . Hyperglycemia is a risk factor 

for di abetic nephropathy and the glucose levels are correlated with a loss of renal 

functions (M ulec et al., 1998) . Intensive control of blood glucose reduces the risk of 

diabetic nephropathy and other microvascular complications (UKPDS, 199Q). 

RENAL FUNCTION TESTS 

Increased urinaIY excretion of albumin is known to predict clinical nephropathy in 

diahelcs (Viherli cI ai., 19X2 ). Onc tlllarier ane! one Ihird or suhjects wilh Typc II 

diabetes show ev idence of renal disease, defined as persistent proteinuria along with 

hypertens ion (Remu zzi et al. , 2002). About one half of subj ects are hypertens ive at 

the time of diagnosis out of which 80% later develop proteinuria (Ramsay et al., 1999; 

Barnett et al. , 2000,). Proteinuria predicts progression and renal outcome in diabetic 

subj ects (Risdom et al., 1968, Remuzzi et al. , 2002). Cases with low-grade proteinuria 
'. 

have good prognosis while patients with heavy proteinuria progress to renal 
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in suffic iency (Cameron et a!. , 1983) . More than 80% of these pat ients st ill retain 

normal renal func tion 10 years after the diagnosis of nephJ'Opathy (Rydel, 1995). 

When di sease reaches the malignant stage around 50% of patients reach end stage 

rena l disease w ithin 6-8 years . 

And randomized trial involving patients with diabetes and nephropathy showed that 

as compared w ith hi gh intake of protein , restriction of protein reduced th e decline in 

the glomerular fi ltration rate, lowered blood pressure and stabil ized renal function in 

some pati ent and reduced the rate of progression to end stage renal disease (Zeller et 

a!. , 1991, H ensen et aI., 200 1). In the present study majority of the subjects were not 

on restricted di et and it could be one of the reason for macroalbuminuria. 

Microalbuminuri a progresses to macroalbuminlll'ia, which will result in the ri se of 

serum creatinine levels and serum urea that eventually leads to end stage renal disease 

(Gall et a!. , 1997; Ritz et a!., 2003). When serum creatinine is elevated beyond certain 

level, progress ion to end stage renal di sease becomes inev itable (Mitch et al., .1976). 

All subj ects were known macroalbuminuric but a comparison between males and 

females of Group II was significant for serum urea, serum creatinine and se rum 

potassium, whil e all the tlu'ee groups had higher levels of renal function test. Type II 

diabetic patients studied presently showed marked renal impairment that predi sposed 

them to nephropathy. Thi s tendency towards neplu'opathy might be due to the 

presence of certain ri sk factors like hyperglycemia and hypertension and therefore 

renal impairment is th e hall mark of increased mortality in Type II diabetics 

(Mogensen el a!., 1984 , Remuzzi et aI. , 2002, Rel11L1 zz i et a !. , 2006). 

LIPID PROFILE 

High levels of cho lestero l and triglycerides were encountered in all the t1u'ee age 

groups and in both mal es and females . This increase in the level of total cholesterol 

and triglycerides in Type II diabetics make them prone to co ronary heart disease and 

is olle of the ri sk factor, wh ich is the major cause of ischemic heart di sease (Jan'et et 

a1., 1984; Laasko et aI., 1987). And round 80% subj ects di e of cardiovascular di seases 

(Kannel et a!., 1979, Haffner et aI., 1998, Fisher et a I. , 200 1) . 
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This association of increased levels of cholesterol and tri glycerides w ith coro nary 

heart di sease in Type II diabetes has been shown in a large number of previous stud ies 

( M iller et a i. , 1975, Poo ling Project Research Gro up 1978, UKPDS Group 1998, 

Remuzzi et a i. , 2002, Rel11 uzzi et a1. , 2006). All these studies showed that along w ith 

dys lipi demia other ri sk factors like obesity, physical inactivi ty are important. A 

positive re lati onship between body we ight and hyperhpedemia has already been 

observed (Nikkila and HorviLa 1978; Sj oberg et al. , 1987 ; UKPDS 1998 ; Remuzzi 

et al., 2002 ) . 

It has been shown that decreasi ng the leve ls of cho les terol and triglycerides decreases 

, the incidence of coro nary heart disease. (Remuzzi et aI., 2002). Hyperlipedemia is 

frequently associated with diabetes and is often cons idered as a major factor of its 

atllerosclerotic complicat ions as show n by (Caste lli et al., 1977; kannel and MCGee, 

1979) 

In the presen t s tudy the BMI was above border line and majority of subj ects were 

smokers. Smoki ng besides increases the risk of cardiovascular events, is an important 

ri sk fac tor for the develo pment of nephropathy in patients with Type II diabetes and is 

associated witb an accele rated loss of renal fun ctions. Smo king cessation alone may 

red uce the ri sk of. disease progression by thi11y percent. (Ritz et al. , 2000). 

Dys lipidemia is common in patients w ith diabetes, especially w ith overt nephropathy. 

Proteinuria decreases as the leve ls of lipids are lowered and this preserves the renal 

fUl1 ctions. (Fri ed et a l. , 200 1) . 

ROLE OF ANTIHYPERTENSIVE AGENTS 

ACE inhibitors "vere fo und to have a greater renoprotective effect than other 

antihypertensive drug in patients with diabetes and neplu'opathy (Anderson et al. , 

1986, Zatz et aI. , 1986 ; Anderson et aI. , 1983) and a simil ar out come was observed 

presentl y in some cases, ACE inhibitors fa iled to reduce proteinuria or protect kidneys 

from injury (Marini des et aI., 1987, Fogo et al. , 1988), II. 

In patients w ith diabetic nepllropathy, lowering bloocl pressure w ith an ACE inhibitor 

decreases urinary protei n excretion and slows the decline in the GFR more than does 

lowering blood pressure to similar levels w ith beta blockers (Bj orck et a1. , 1992). It 

was observed by Lew is (1993) that ACE inhibitors preserve renal function bette r than 

beta-b lockers or other antihypertensive drugs and lower the rate of dialysis . Urinary 
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proteins decrease in patients treated with ACE inhibitors as compared to other drugs 

(Breyer et aI. , 1995). Drug wise comparison of ACE inhibitors with other 

antihypertensive drugs in the present study showed better blood pressure control with 

ACE inhib itors along with better response of renal functions even though the subjects 

were on antihypertensive and hypoglycemic drugs , BSR, renal function and blood 

sugar did not achieve target levels. The optimal range of blood pressure .in patients 

with Type II diabetes is unclear. In ~·ecent trials involving patients with Type II 

diabetes it has been shown that there were no cardiovascular events when diastolic 

blood press ure was 70-84 mm Hg than when it was 85 mm Hg or higher (Bakris et a!. , 

2000) . Conversely if diastolic blood pressure was less then 70 mm Hg, the rates of 

cardiovascular event increase by eleven percent for each additional reduction of 5111m 

Hg with an increasing mortality (Hansson et aI., 1998) 

Ca lcium channel blockers (norvasc) may worsen proteinuria and accerelate the 

progression of disease in patients with nephropathy (Bakris et a!., 1991, Ruggenenti et 

a!., 1998 , Agodoa et a!., 2001). While according to Smith et a!. (1998) calcium 

channel blockers may reduce overt proteinuria in patients with nephropathy in Type II 

diabetes. According to meta analysis, at any level of blood pressure control, patients 

with diabetes who were treated with calcium channel blockers (norvasc) had more 

severe proteinuria and a more rapid decline in the GFR than those treated with other 

antihypertensive agents (Weidmann et al ., 1995).ARB's in reducing the risk of renal 

events was not diminished by concomitant use of calcium channel blockers (Brenner 

et ai. , 200 I ).1n the present study the calcium channel blockers were the drugs which 

\-vere in least use, the reason could have been due to their least efficacy and that they 

increase the progress ion of the disease. 

Beta-blockers (tenormin) may be beneficial in the treatment of diabetic nephropathy. 

In UKPDS group (19<)8), beta-blockers and ACE inhibitors were equally effective in 

lowering the incidence of maeroalbuminuria . In patients with overt nephropathy beta­

blockers and ACE inhibitors had similar protective effects on renal functions (Nielsen 

et a l ., 1997) . While ARB's did not offer additional renal protection in patients who 

were already receiving treatment with beta-blockers (Brenner et a!., 2001) 

51 



Ruggenenti (2004) concluded in his study that ACE inhibition as a renoprotective 

effect, redu ces the risk of development of nephropathy in subjects with type II 

diabetes . This benefit appears to be over and above than that achieved by reduction in 

blood press ure alone, given that the group taking only calcium channel blockers or 

othcr antihypcrtensive dru gs achieve similar blood pressures, but with much more 

rapid prog ress ion to nephropathy. This supports the vicw that inhibition of renin 

angiotensin system protect the already damaged kidney in Type II diabetes and also 

reduces the ri sk of co mplication . . 

Progression to irreversible renal damage and end stage renal disease is the final 

common pathway of chronic proteinuric nephropathies and is relatively independent 

of the type of initial insult. The increase in urinary protein excretion correlated with 

the tendency of the renal disease to progress more than with the underlying disease. 

Whenever urinary protein excretion is reduced , the decline in the GFR decreases or 

stops. ACE i'nhibitor and other antihypertensive drugs , which lower the rate of urinary 

protein excretion effectively limit the progressive decline in the GFR. 

Quantification of urinary protein helps pred ict the risk of di sease progression and the 

need for dialys is. These findings leaves the question whether the renoprotective effect 

of the ACE inhibitor was related to its antiproteinuric effect or to its antihypertensive 

effect unanswered. 
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ApPENDIX 



DATA SHEET 

Name 

Age 

Sex 

Address 

Permanent Address 

Family 1-1 /0 Diabeties 

Period of Illness 

History of Smoking 

Dietary History 

Exercise 

Stress 

Treatment History 

B.P 

Weight 

Height 

SYSTEMIC EXAMINATION 

Cardiovascular System 

Gas trointcstinal Syslcm 

Respiratory System 

INVESTICATIONS 

Blood sugar random (mg/dl) 

Hb % 

Urine Protei nuria 

Creatinine (mg/dl) 

Urea (mg/dl) 

Seru111 Electro lytes (11111101/1) 

Na 

APPENDIX 

mother father brother 1 sister uncle 1 aunty 
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T riglyce ricles (Ill g/dl) 

Renal UlS 

TREATMENT HISTORY 

Diabetes 

Ora l J-l ypoglycellli cs 

Hypertension 

ACE inhibitors 

ACE+ARB 

Beta Blockers 

Others 
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