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ABSTRACT 

Uncontrolled diabetes mellitus with a longer duration leads to the 

development and progression of mi crovascular complications such as retinopathy, 

nephropathy and neuropathy. The present study was undertaken to estimate the 

number and proportion of diabetic patients having these complications and to 

understand the role of ri sk factors including age. BMI nnd diabetes duration 

respons ible fo r the development <lnd progress IOn of these microvascular 

complications. Two hundred diabetic patients with different cl inical problems, 

admitted to Endocrinology un it of H.lyatabad Medical Complex, Peshawar were 

included in the study. 

Age, sex, type of diabetes, past medical history (including heart attacks, 

strokes, smoking, foot ulcers nod gangrenes), ramily history, dumti on since diagnosis 

of diabetes, treatment modal ity. and cause of admiss ion of each pat ient were recorded. 

Weight and height were measured to (h.:tl:rll1tI1C the body mass index.. Each patient was 

examined for the measuremen t of blood pressure and presence or absence of nrtet lal 

pu lses in the feel. Casual plasma glucose on the day of admission and subsequent days 

was also measured. Ophthnltnt c examination to detect retinopathy was performed with 

the help of direct ophthalmoscope. Neuropmhy was diagnosed by the assessment of 

ankle reflexes , vibration, pain and touch sensat ions in the feet lIsing appropriate 

inst ruments (tendon hammer. tllning fork, small so ft bnlsh and common.pin 

respec ti ve ly). Nephropathy was diagnosed by the estimation ortotal proteins in a 24 

hourly-collected urina ry specimen taking 200mg/24 hours as the cut-ofT point. Renal 

function tests constituting rneasurements of serum urea and creatinine were also 

performed. Renal ultrasonography was performed, where appropriate. 

The results showed considerably high prevalence of retinopathy (51 %), 

nephropath y (56.5%) and neuropathy (68.5%) occurring singly or in combinat ion of 

:Illy two or all1 he three complications Of 200 patients, on ly 35 pati ents were rree 

from any complication . Most or these uncomplicated pat ients had a shorter diAbetes 
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dumlion (3 3±2. I vs 96±5.J ycrlT';j, lesser body mass index (24.3±3,3 vs 26.9:i3.9 

kg/m 2
) and younger age (371±7 4 vs ~ O (1±12.8 years). Each complication showed 

pos itive correlat ion with increas ing age, diabetes durat ion and body mass index. The 

differences between various groups o/' age, duration and body mass index were 

s tatist ica lly significant. Mean va lues for age, BMI and diabetes duration were found 

higher in patients, with retinop;lthy. nephropathy or neuropathy than those not haVing 

them. Hypertens ion was found in 107 (53 ,5%) cases, and its relation with the 

occurrence of reti nopathy, nephropa thy and neuropathy was ev ident. Mean casual 

plasma glucose level on the dfly of adm iss ion was 331±lll . Family histo ries 

demons trated tha t 46% patients were positive for diabetes. 

The results necess itate thallbe dHtbetic patients shou ld have awareness of til e 

problems associated with diabetes Moreover, there is a critical need for conducting 

programs for the primary and secondary prevention of not on ly the re lated 

complications but also the dl.'ieast!. llse lf 



INTRODliCTION 

DIABI':TES MELLITUS 

Literally, Diabetes means , " 10 pass through" an d Mellitus means, "boney 

flavored", Phys iologically. 1\ represents a group of metabolic disturbances 

characterized by chronic hypcrglycenull <lnd glycosuria, with or without the typical 

symptoms of thirst, polyuria, weight loss, !:Itigue or blurred vision (Arthur, 200 1). 

During the last decade, research has led 10 the recognition that diabetes mel litus (DM) 

is a syndrome and comprises n heterogeneous collection of disorders . Thus in addition 

to carbohydrate metabol ism, often there are also disturbances of fat and protein 

metabolism. The basic defect of relatively or absol utely deficient insu lin secretion 

from p-cells of pancreas leads 10 tiles!.! disturbances. Decreased peripheral ~lucose 

utilization and increased hepatic glucose production cause hyperglycemia while an 

imbalance between the breakdown and synthesis of both triglycerides and protein 

leads to increased fatly aCids, ketones alit! ncgal1VC Il1trogen ba lance. It has also been 

recognized thut :;llthough different lyres or diabetes have different etio log ies, their 

pathologic effects are similar (t\nhur, 200]). 

CLASS IFICATION 

There arC two mllin types of d iabetes Illellilus (DM). 

I. Type I or Insulin dependant DM (100M) thaI usually occurs in the younger 

age group «30 yr) and is characterized by absolute insulin deficiency. 

11 Type 2 or Non~jnsu]il1 dependant OM (NlDDM) occurring in older age group 

(>30 yr), is characterized by relative insulin deficiency due to defects in insulin 

secretion and/or its acti on (Gerich, ! 998). 

Overall mtio of type! tllHJ type 2 diabetes remains J:9 (ADA, 1998). 

In the new classification or diabetes by American Diabetic Association, two 

more categories are described (A DA, 1997) 



III Specific type diabetes, which Includes the fo llowing groups: 

GenetiC defect." o! j1-ce lll'um:llOn (matunty onset dmbetes anile YC,)llIlg 

<.(,. MODY 1,2.3.4) 

.. Endocrinopathies (eg. Cushing's syndrome, hyperthyroidism and 

acromegaly) 

III. Drugs (e.g. ni CO l1l11 0 aC id , beta-blockers and diuretics) and 

IV. Genetic syndromes (e.g. Down's syndrome, Turner syndrome and 

Pradder-Wi lli syndrome) 

IV. Gestational diabetes, which is recognized for the first time du ri ng pregnancy, 

ETIOLOGY 

Whereas the exact cause of dlflbetes mell itus is not known, different 

etiological factors and associati ons ha ve been described . For type 1 OM these include 

genetic f.'lCIOrS (e.g. HLA class 2 :lIIl;gctls wi lh DR3 and DR4 on chromosome 6), 

viruses (e .g. coxsackie B. cytomegalo, Epstein Barr vimses, mumps and rubella etc.) 

and autoimmuni ty which is supported by the presence of islet ce ll antibodies. insuli n 

an tibodies and glutamic acid decarboxylase (GAD) antibodies. Etiologicnl r.1cto rs that 

may lead to type 2 OM are; gencllc abnormalitIes causing p4 ce ll defects and insulin 

resistance, obesity alld environmen tal h'lCIOrS e.g. physical inactiv ity, diet, stress and 

some drugs such as diuretics and steroids (Bingley and Gale, 1997). 

Diabetes has growll epId emically \0 become a major health problem and an 

estimated population of 135 million diabeti c patients worldwide (4% prevalence in 

(995) is expected to rise to 300 mdllon by the year 2025 (King el aI, 1998). The rate 

of increase is expected to be 170% in deve loping countries as compared to 42% in 

developed countries (Venkat fJ l aI, 2000). Prevalence rates vary widely between 

countries and people from 0% In Papua New Guinea to more than 50% in Pi ma 

Indians (Knowler el al. 1993; FUJ Imoto, I Q96). A survey conducted in the Kingdom of 

Tonga of Pacific Islands demonstnlled a prevalence of ( 15%) of diabetes in an age 

and sex4 standard ized populations with Jughcr rates for women than in men. More IhM 

50 % people were previously un(hagno!wd (Colagillri e l aI, 2002), 
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[I has been estimated Ihat on the average, aveJ 10% people in Pakistan in the 

>25 yr age group hl'lve dirtbete .... whde til l! InCidence of lypc I diabetes continues 10 be 

low (Shera I.!I 01, 1995; 1999) In a sma ll scale study conducted in four villages near 

Peshawar, it was shown that near ly J% orou r loca l population in the age group 40-60 

years suffer from diabetes mell itus with a slI blle diffe rence between males and females 

(Tasleem el aI, 1995). Whereas, II comparatively la rge scale study conducted in 

Sukkur on more than fou r thousand peopl e revea led a preval ence of approx imately 

3 1 % diabeti c cases (Badarudd in el (II, 2002) 

CLlN1CAL PRESENTATIO N 

The diabeti c pati ent may present III one of the fo llowing fo rms (Kumar and 

Clark, 1994). 

Acute presentat ion: In young people with type 10M, the onset is usuall y acute and 

pa tien t has the classic triad of unnary lreqllency (polyuria) due to osmotic di ures is, 

IIlcrensed thirst (po lyd ips ia) due to loss ofnuid und electrolytes and weight loss duc to 

accelerated fat and muscle breakdown The patient may also present in the state of 

acute complications i.e. ketoacidosIs. Thl$ IS " medical emergency and carrie$ very 

high morta li ty if not treated promptly by admi nistration of adequate insulin and 

rehydration, 

Subacute presentation: The clinical onset may be insidious particularl y U1 older 

patients with ty pe 2 OM. The classic Iriad of polyuri a. polydipsia and weight loss may 

be present but usua ll y the ptltients presenl wit h Hon-speci fic symptoms of body aches, 

headaches, vertigo and easy r: llIg;li ll ltty !\ cond ition in which lype 2 diabetes (or 

impaired glucose to leran ce) is associa ted wll h obesi ty, hypertension and dys li pidemia 

IS called metabolic syndrollle or syndro me X This condi tion is associated wi th a high 

mo rtality rate due to ca rdiovascula r abno rmalities (Marques ef al. 2002). 

Presentation with complicat ions: Complication may be the presenting feature.such as 

skin, chest or urinary tract infect lOll , blurred vision. tingling and numbness ill the feet. 

impotence or ischemic heart dlse<lse 



AsymptOIll~lic presen tation Glyco!iurI :l or roused blood glucose may be detected On 

rOlltine exam ination for some other rllne,,, wtl hollt any s igns and symptoll15 re lated to 

dmbet,es 

DIAGNOSTIC CRITERIA 

The final confirmatolY di:lgnosis of d iabetes rests on biochemical 

determination of plasma glucose levels. The American Diabetic Association (1997) 

has defined diabetes as the ~l S ll ng plasma g lucose of at least 126mg/dl (7.0 mmol!l) 

while the World Hea lth Organ izat ion (1999) has defined it, in addition to this, as a 2 

hr post-glucose load g lycellllil of >200mg/dl (I I. 1 Illmoll1) , Two transitiona l states 

have al so been dcfined; impai rcd f.1s ting g lucose (lfG), a fasting p lasma glucose 

levels between 110 and 126 rng/dl and impaired glucose to lerance (lGT), a post­

challenge plasma g lucose levels between t 40 and 200 mg/dl. 

MICROVASCULAR COMPLCi\TIONS OF DIABETES 

An importan t cha racterisw.: or [he chronic hyperglycemia in diabetes is til e 

J eposltion of harmful S libSlatll .. a=~ 111 Vl'lsculaJ endothelium causing endothelial 

dysfunction (King el (II, 1996) Consequent deve lopmen t of end-organ damage 

especia lly in the eyes. kidneys nnd periphera l nerves OCCUfS that is ca ll ed micro­

vascular complications or microangopathies (Os len el (II, 2000), Diabetes is a lso a rISk 

factor in the development of iltheroscleros ls causing end organ damage in the heart 

(myocardial infarction), brain (stroke) and peripheral vessels (gang rene) . These are 

~Ill ed macrovascillar complications o r macroang io pathies (S tratton el aI, 2000). These 

vascular complications arc responsible for increased morbidity and l110nality alllong 

diabetic popu lation leading to mu ch increased health care costs (ADA, 1998). 

Many earl ier and recent studies h:lve concluded that poor glycemic control ilnd 

duration of diabetes arc the l11ain detcnlHnants of microang io pathies in diabetes. 

Johnsson (1960) compared the occurrence or nephropathy in fifty s ix: patients on stri ct 

diabetes control (achieving aglycosuna) with 104 pmien!s on free d iet (with Ignored 

glycosunn) nnd obtained s triking reslilts as :-tf'ter 15 yrs diabetes duration, ill "s trict 



control group" only 9% had nephropathy as compared to 61 % in the" free diet 

group". It was later shown that good glucose control minimizes complications but it 

was only possible at the cost of dangerous hypoglycemia (Laurrence, 1963). Knowles 

(1964) reviewed retrospectively 85 studies on the degree of glucose control and 

prevalence of diabetic cOl)1pIications. He concluded that in 50 studies, results indicated 

that poor glucose control was positively correlated with vascular disease. Recently, 

Ramachandra et al (1 999) in a study of 3 01 0 type 2 OM patients noted a prevalence of 

23 .7% retinopathy, 19.7% nephropathy, 27.5% peripheral neuropathy and 38% 

hypertension. Duration of diabetes, poor glycemic control and hypertension were 

shown significantly associated with these complications. 

. Apart from the degree and duration of diabetes, other major risk factors for the 

development and progression of chronic diabetic complications are : obesity (Hendrick 

el ai, 2002), hypertension (UKPDS group, 1998), smoking (Weil el ai, 200 1), 

inadequate screening of complications (Akbar el ai, 2001), failure of life-style 

modification (Bray el ai, 2002) and advanc ing age (Belmin and Valensi, 1996). Strong 

evidence exists that good diabetes management i.e . keeping blood glucose as close to 

normal as possible, results in sign ificant benefits regarding the development and 

progression of microvascular complications as is evident from the Diabetes Control 

and Complication Trial for type I diabetes mellitus (DCCT research group, 1993) and 

United Kingdom Prospective Diabetic Study for type 2 diabetes mellitus (UKPDS 

group, 1998). United Kingdom Prospective Diabetic Study has been one of the major 

landmark studies including more than 5000 newly diagnosed type 2 DM patients . 

Basically designed to study th e effect of intensive glucose control on the risk of 

diabetic complications, the final results showed that 50% patients had already had . 

some complications at the time of diagnosis (retinopathy 55%, clinical proteinuria 4%, 

absent ankle jerks 13%, hypertension 39% and cardiovascular disease 8%). It also 

showed that after 10 years , the study population had a two-fold greater mortality than 

general population and one-third of the patients had a complication requiring medical 

attention including heart attack, stroke, retinopathy, renal failure and amputation 

(UKPDS group, 1991). In another landmark study, Diabetes Control and Complication 
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Trial (DCCT), consisting of 144 I type I diabetic pntients, it was clearl y shown thaI 

HltenSlve blood glucose cOl1t l'ol t:all~cd rCI1l:uknble reduction in the fisk of 

complications I.e. 76% for retlllopalhy, 34% for microalbuminurin and 60% for 

neuropathy (DCCT Resea rch gro up, 1993) Results similar to those of DCCT were 

reported in Stockholm Diabetes Intervenlion Study (Richard el al. 1993). 

A variety of me chan is illS cOlltributlllg to the pathogenesis of one or morc of 

the vascular complications have been suggested (Skyler, 2000). Chronic 

hyperglycemia Icads to non-enz.ymatlc glycation of amino acids essentially in all 

tissues. Cross linking of glycated proteins leads to the formation of advanced glycati on 

end products (AGE's) which are responsib le for profound altera ti on in protein 

structure and function . Accumulation of sorbitol find fructose occuring through the 

conversion of excessive glucose by aldose reductase inhibitors may cause changes in 

the llelVe functions . The glucose Indu ced activation of protein kinase C may lead to 

endothelial pro liferation, increased ce llular permeabi lity to certnin electrolytes and 

express ion of certain growth f:l ctors sli ch as vnsculnr endotheli um growth factor 

(VEGF) in the retina and transrormatlon growth factor D (TGF D) in the renal 

glomeru li. Enzymatic glycat ion of basement membrane stimulated by hyperglycemia 

leads to capillary basement membrane thickening. Alteration ;n the platelet and 

endothelial functio n may lead to Illcreased platelet aggregation, decreased fibrinolytic 

activity and thus hypercoagulability stnte. Hemodynamic alterations in the 

microcirculation espec ially renal glomeruli are important in initiating d iabetic 

nephropatlly (Sky ler, 2000). 

DIABETIC RETINOPATHY 

Lundback (1954) was the fll·st to describe microaneurysms (loca lized vessel 

dilalations) and venous beading on fundoscopic examination and termed them as the 

microvascular complications relnted 10 diabetes. Diabetic retinopathy is a leading 

ca lise of visual disability and is conSi dered to be the most frequent cause of blindness 

among adults aged 20-74 years (ADA. 2002). In type 2 OM, 25% of the patients 

usually have retinopathy at the time or nISi diagnosis and most develop il over 



subsequent decades (Sher~l. I <)09) Diabetic retinopathy is caused by the occlus1On of 

or damllge to the snmll blood vessels of the retina, the inner most layer of the eyebal l 

leading to progressive loss of vISion I he bas ic patho logy is Increased thickness or 

basement membrane and increased permeability of the retinal capillaries to various 

blood constituel1t~ s lich as lipids an d protei liS etc. Aneulysmal dilntat ion may occur in 

some vesse ls whil e others become occluded (Rober ef ai, 1999). 

Signifi cant differences of prevalence of retinopa thy amo ng different races 

and ethnic groups have been repolt ed. For example in a study conducted in the Un ited 

States, diabetic MexicanwAlneri cans had two times higher frequency of retinopathy 

t.han diabeti c nonwHispan ic Whites (HarriS ef al. 1998) after adjus ting for all other 

influencing factors such as glycem ic cOlllrol, diabetes duration, age and hypertension. 

Data from populationwbased studies such as WISCONSIN Epidemio logical Study of 

Diabetic Retinopathy (WESDR) proV ided va luable information on the prevalence of 

diabetic retinopathy. WESDR (study U) showed that in the.you nge r onset group «30 

year), some degree of retinopa th y was seen 111 13% of the patients with <5 year 

diabetes duration and in 90 % of the patlunts with I Ow l 5 y~at diabetes dumtioll (Klein 

ef ai, 1984). Study m of the same senes demonstrated that for the patients wi th onset 

of diabetes at .?30 year age and <5 year diabetes duration, 40% of insulin taking and 

24% of non-insulin laking patients had retinopathy. These rates increased to 84% and 

53% respectively over 15-20 year diabetes duratio n (Klein ef ai, 1984). Similarly. 

Shei la ef a l (200 1) conducted a populatioll-based study on 4774 res idents of Hispanic 

co mmunities to determ ine the prevalence of retinopathy In diabet ic populati on. 

Among 1044 diabetic patients, 2% being patients of type 10M, they showed a 

prevalence rate of 48% retinopath y Ollt of' \Vh ich, 9.3% were newly diagnosed during 

the study. 

After 20 years, all type I di<lbelic patients develop retinopathy while more 

than 80% of type 2 diabeti c pati en ts develop reti nopathy, of which 20% show 

adva nced changes (Kumar and C lark , 1994 ). A study on DCCT patients confirm ed 

that retinopathy develops in aboul 10% Il l" putien ts with type 1 diabe tes under good 

metabolic control, whereas more than 40% of patients with type I diabetes remain 
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free of retinopathy despite poor Ill c!;ibollc control It vvas suggested that such 

paradox ical situation might arise due h) prevIOUS glycem ic exposure and DM! (ZIH\I\g 

0'/ ai, 2001). 

Retinopathy progresses through the slages of background, pre~prolifermive 

and proliferative changes. ChamcterislIcally, no visual symptoms occur until the 

macu la (area in the center of retllm) IS anccted (diabetic maculopathy) or the newly 

grown fragile blood vessel::; in the proliferative stage fuphlre to cause hemorrhage 

leading to a considerable loss of vision. OirTerent stages of diabetic retinopathy :lIang 

with fundoscopy findings and visual symptoms at each stage arc given in Table I 

(Kohner el ai, 1996). 

OIABIi:TfC NIi:PHROPAHIY 

Tn an earlier study, 50 diabetiC patients were followed for 25 years or more 

had been described. One-third of them died and In the remaining patients, "ominous 

signs" of hypertension, tlzolemw and protclilliria were reported indicating renal 

Involvement ill a significant Ilumber (Rcuting, 1950) Diabetic nephropathy IS a 

gradually progress ing renal tltscase characterized by protelllunll, hypcrtellsloll ilnd 

sllbsequent loss of glomeruhll funct ion (Grollp el ai, 2001 ). II eventually leads to end· 

slage renal disease (ESRD), which implies Ill;;l.l the kidney has lost the fun ction to filter 

Impmittes from the blood to be ex\,;reted In urine. ESRO is ;l devastating medical 

condition requiring renal replacement thcmpy in the form of dialysis or kidney 

transplant for survival. 30-40% patients suffering from type I OM and 20-30% 

pat ients sufferillg from type 2 OM nonnally develop diabetic nephropathy. The risk of 

deaths in patients with diabet1c nephropathy is nine times higher than those without 

this complicat ion. Five-year surVival of diabetic ESRD patients on dialysis has been 

shown to be poorer (17%) as r.;omp<lred to ESRD patients on dialysis due to 

glomerulonephritis (40-50%), (Intekhab, 1997), A prospective observational study ill 

150 diabetic patients with ESRD \-vh" began hemodialysis , revea led that better 

glycemic control was associated w1th IOllger slII"V ival while poor glycemic control 

Increased the risk of dcath (MOriOka tt! ai , 20( 1) SlIl1I1arly In :l1lother prospect1ve 

observationnl study, It has becn sll gges tcd that aggressive nnlihypertensive treatment 



TABLE 1: DIFFERENT STAGES OF DIABETIC RETINOPATHY ALONG 
WITH FUNDOSCOPY FINDINGS AND VISUAL SYMPTOMS AT EACH 

STAGE 

STAGE OF 
RETINOPATHY 

Back ground 

Pre-prol!ferative 

RETINAL FINDINGS ON 
FUNDOSCOPY 

M · I Icroaneurysms 
Hemorrhages 
Hard exudates2 

} 

on a 
smaller area 

Background changes (on a larger 
area) 

Dilatation of the blood vessels 
Venous beading / loops 
Tortousity of the vessels 
Soft exudates (cotton-wool spotS)3 

VISUAL 
SYMPTOMS 

No symptoms 

No symptoms 

-.. -- - - - ·---------11----·-----

Macu lopatlzy 

Prol!ferative 

Background /preproliferative changes 
encroaching upon the macula 

Macular edema4 

Macular ischemias 

New growth of blood vessels 
i. Oil the disc or 
ii . elsewhere 

Advanced Diabetic Vitreous hemorrhage 
Eye Disease Retinal detachment 

Thrombotic glaucoma 

I. A small loca lized capillary dilatation. 
2. Yellowish-white arC'L~ of exuded lipoprotei n nwtc,·ial. 
3. Greyish-white arc.L< representing microinli,rcts Or ne,Ye lihrc layer. 
4. Detected only on sl it-lamp examination. 
S. Macula appears very pule. 
6. Usually sudden in onset. 
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Central vision 
loss 

No symptoms 

Considerable 
vision losso 



C~\II induce long~ lasting remission along with improved cardiovascular risk profile III a 

si7 ... 1ble fmclion of type 1 diabetic patients with nephrotic range albumlOuna (llovmd 

cl ai, 200 I) 

Diabetes causes glomerulosclerosis which leads to progressive renal 

glomerular damage through a number of stages (Table 2), (Mogensen, 1996). The 

earliest finding is the fUll ctional abnormality along with renal hypenrophy, 

hyperpetfusion and hyperfiltmtion . The structural abnonnal ity then ensues with 

glomerular thickening and consequent prolein leak. Initially this manifests as 

microalbuminuria (urinary albumin excretion of30-300mgl24hr) leading to persistent 

proteinuria after some years. At later stages, the glomerulus is replaced by hya line 

mater ial and the patient progresses to ESRD. A patient may remain at any stage of 

nephropathy for a va riable time period (Kumar and Clark, 1994). 

Clinical nephropathy means urinary albumin excretion of more lhan 300 

mg/24hrs, usually manifests 15 years after diagnosis and aITects 30-40 % patients 

diagnosed under the age of 30 ye"fs. It IS the leading calise of prematllTe death III 

young diabetIC patients while the proportion of affected older individuals is smaller 

(Kumar nnd Clark, 1994), Diabetic nephropathy is responsible for a large proportion 

(25-35%) of all the pat ients treated for ESRD. Thus it is one of tile causes of increased 

mortality and morbidity wilh increased health care costs (DER] group, 1995), 

DIABETIC NEUROPATHY 

It is possibly the commonest microvascular complication of diabetes of all 

the long-term complications ofdiabctes, as none affects so many organs or symptoms 

of human body as the diabetic neuropathy, Aaron and Oereck (2000) focusing on 

prevalence of diabetic neuropathy recently ment ioned that depending upon the usc of 

definition of neuropathy, it has resulted in a wide range of prevalence estimates 

ranging from almost 0% to 93% Clinically diabetic nellropathy cnn be divided into 

three main types; polyneuropathy. :llllollomic neuropathy and rnononeuropathy 

(Macleod, 1997) 
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TABLE 2: STAGES OF PROGRESSIVE DIABETIC NEPHROPATHY 

STAGE 

Stage I 
(Initial stage) 

Stage II 
(Micl'oalbumenul'ia 

01' incipient nephropathy) 

Stage III 
( Macl'oalbumenm'ia 

01' Clinical aibumenuria 
01' Overt nephropathy) 

Stage IV 
(Advanced clinical 

nephropathy) 

Stage V 
(End stage renal disease) 

FINDINGS 

Hyperperfusion (increased blood flow to 
the kidneys) 

Increased glomerular filtration rate (GFR) 
Renal Hypertrophy 

Urinary albumin excretion (UAE), 20- 200 
I-1g/min or 30-300 mg 124hrs 

UAE >200l-1g Imin or >300 mg /24hrs 
Urea & Creatinine in the blood begin to 
nse 

GFR begins to decline 

Proteinuria may reach >3 gram /24 hrs to 
cause nephrotic synd"rome 

Gl'Rdecreases <75 ml Imin 
Blood pressure rises 
Urea & creatinine levels rise further 

GFR < 10 ml /min 
Serum creatinine >5mg /dl 
Signs and symptoms of renal failure and 

uremia (edema, anemia, neuropathies 
and heart failure) 

11 
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a. Polyneuropathy affect lllg the sensory neurons 10 the lower timbs is the 

most frequen t presen tati on The clinical features ofl>eripheml sensory neuropathy are 

shown in Table 3 (Gon\lI S, 2001 ). frequently the symptOms produced by diabetic 

neu l'opathy al'e so distressing Ihal II has considerab le adverse effect on quality of life 

(Benbow el (II, 1998). Its major clin ical s ignificance li es in its abi lity to cause loss of 

sensation and subsequent foot ulceration . When combined with peripheral vascular 

disease and superimposed infection, it Illay produce the syndrome of "diabetic foot" 

which may become an ind ication for Hmputation leading to serious disabilities and 

social, economic and rehabilitative implications (Onwuanyi and Lofor, 1999; Kasthuri 

el aI, 2000; And rew, 200 1). It IS beli eved that of all the component causes that, when 

combined, result in ulceration , sensory neuropathy is the commonest (Reiber el al. 

1999). 

b. Autonomic neuropathy Illay affect both sympathetic and parasympathetic 

supply of autonomic nervOlls system The ma in clinical presentations inc lude dizziness 

due to postural hypotension , $exun! dysfunction, nallsea and vomiting due to gast ri c 

dys runction, urinnry problems due to bladder dysfunction and sweating, disturbances 

due to sweat glands dysfuncti on (Macleod. 1997). 

c. In mononeuropath y mode, it mainly involves individual larger nerves e.g. 

cranial nerves (such as occulolllotor or abducent nerve pa ls ies), median nerve in the 

hands producing carpal tunnel syndrome and lateml cutaneous nerve of tile thigh etc. 

(Mncleod, 1997). 

The mechanism underlying rbe abnormalities in diabetic neu ropathy IS not 

exactly known. However, ava11able data and clues indicate that both metabo lic and 

vascular changes in the nerve are possible factors. These include increased protein 

glycation , accumulation of pol yo Is. altered li pid metabo lism, decreased IllYO~i ll oSltol 

content, abnormal Schwan cell function. 1llicroangiopathy nnd lack of neurotrophic 

factors (Cameron and CoteI'. f 097) More commonly suggested pathogenic 

mechanism is hypoxia caused by Ihe occillsion of sma ll er blood vessels supplyi ng the 
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1. 

2. 

3. 

4. 

5. 

6. 

TABLE 3: SYMPTOMS AND SIGNS OFPEIDWHERAL SENSORY 
NEUROPATHyl 

SYMPTOMS SIGNS 

Pain 1. Absent ankle reflexes 
(burning, aching, shooting, stabbing) 

Paresthesias 2. Absent faltered vibration sense 
(pins, needles, tingling) 

Allodynia or hyperasthesia 3. Absent faltered pressure sensation 
(increased skin sensitivity) 

Sensory loss or insensitivity 4. Absent faltered pin-prick sensation 

Swelling offoot and ankle 5. Absent faltered touch perception 
- charcotjoints2 

- pseudo-fractures 

Planter ulcers 6. Foot deft)mlities 
- pes cavus 
- callus formation 
- claw toes 

I. The mosI frequently and commonly 811"010<1 ,it" i, the low"r limb. 
2. Loss ofsensnliol1 in Ihe lUu<iejoinlleud, 10 fi'" ctureSld i, locutions ufter unperceived InlUmu. 
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lIerve fibers (vasa nervos",) which lesulls ill Ihe loss o/' myelinated nnd IIUII 

myelinated axons with wi(h:spr~au segmentul uemyelirHtlu.Hl (M~lcleod. 1997) 

Reviewing the literature, it becomes ev ident that from being a mdty u 

century ugo, diabetes has grown to become a major callse of mortality In the 

deve loped countries and accelerated growth of diabetes constitutes a tfue epidemic in 

deve loping countries (Venk nt. 2000). Nevertheless tbere is a wide range of variat ions 

in the prevalence rates of thi s disease among different countries and populations 

(Fujimoto, 1996). Clearly, as the disease grows. the prevalence and frequen cy or its 

complications also increase rurt ber adding La the rates of morta lity and morbidity, 

Given these facts , intense effo rts are go ing on to manipulate and explo re different 

aspects of diabetes and its compli cations in relation to preva lence, etiology. 

pathogenesis, risk f<lctors , preventIon , treatment and socio'cconomic implications on 

the communities. 

The present study wos earned out 111 th e Departmen t of Endocrinology of the 

Postgraduate Medical lnstitute. Ha yatabad Medical Complex. Peshawar, which is a 

terllary health care faci lity of provincial health, services. This IS the on ly unit of its 

kind in the whole province of N. W.F, p, where:t large percentage of diabetic patients 

with difTerent clinical problems report and get admitted after clinical examination. 

Most of these patients have long lasling diabetes. Since conso lidated data rega rding 

underlying problems in diabeti c patients of this area is not ava ilable. an attempt was 

made to aSsess microvascular complicallons among these palients with the fo ll owi ng 

main objectives. 

I . To find out the prevalence and age related distribution of retinopathy. nephropathy 

and neuropathy among tho diaboti c patients. 

2. To investigate the co rrelation of dia betes duration and BMl with the development 

ofretinopalhy. nephrop;lthy and neuropathy. 

3 To search a poss ibl e relationship between hypertension and above mentioned 

complications. 



MATERIAI ~" AND METHODS 

The prcs5! "1 study was l':Hll l'd (Hi! HI Elldm.:rtlloJogy dcp:lrtlllcnl of! lny,lIabnd 

f\tlccilcal Comple::: where dlahl.'l1l' alld nlhl'1 (:lIdocrinc patil!IlIS IHlvlng i' variety of 

problems :1I'C routinely admitted thrulIgh :111 out patient clinic and casually department 

from v:lrious ,Heas of' N W.r: P The proponion of' diabetic patients among these 

patients is VCIY high. The dur:l1ioll or lhe study was six months starting from May 

2002 to the end of October 2002. 

PATIENTS 

A total of 200 already diagnosed diabetic patients Qut of more than 250 

consecutive admissions were prospc<.:uvcly se lected durinb the study period. Most of 

the patients were admitted for metabolic control of their diabetic d isease but other 

causes of admission included foot wounds, skin infections, body aches, chest 

infections and pre~operalivc cases The patients with age ranging between 14 to 75 

years Included both type I and type 2 diabetics . No restriction of the duration wa~ 

imposed and patients with nt:wl _y dl::ignosed diabetes and those with >30 years 

duration were also included III the study Age and duration was noted as that reported 

by the patient. Family histOl)' of dIabetes was obtained by asking the patient whether 

any orll is/her sib lings, parents, cousins, uncles or aunts has or had diabetes. 

Patients baving age <10 years and >75 years, senous disabling illness, 
, 

unconsciousness, psychiatric dIsorder, language/communication problem and repeat 

admission were excluded from the study. Si milarly , patients having bilateral lens 

opacities (cataracts) were al so excluded from ophthalmoscopic examination for 

retinopathy. Each patient was interviewed and examined after allowing him or her to 

settle down in the ward bed for a su Oicient period of time. 

PATIENTS' HISTORY 

After noting the anthropometric history (i.e. name, age, sex, height and 

weIght), atldress and type of dmbetel>, each patient was questioned about the duratIon 
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and trea tment of diabetes, current symptomMology and previously associated medIcal 

conditions like hypertension , coronary artery disease, cerebrovascu lar acc idents, foot 

ulce rs and gangrenes. Il istory or srnuJ.. lII g (bOlh cur ft.!llt and previous) and the calise of 

admission were also recorded 

1'1IYSICAL EXAMINATION 

The following examination wns performed after taking the patient into 

confidence. 

/lGDY MASS INDEX (13MI) 

BMI is considered as the 1110stlinearly related parameter for retlection or the 

visceral body weight and obesity. Ileight and weight were measured with a height­

weight machine and BM] was calculated as weight in kil ograms divided by the square 

or height in meters (Lonneki 1.:1 aI, 2001) Nomlal BMl ranges from 20 to 25 kg/m2
. 

Grouping of diabetic patients waS carried 0111 on the basis of BMl values obta ined. 

MOOD l'IU~~SUlII! 

Blood pressure was rneasul"ecJ wr th the help of a mercury 

sphygmomanometer. Although the standard · definition of hypertension is a blood 

pressure of more than 140/90 11l1llHg, evidence from cl in ica l trails in diabetic patients 

suggests clil11caJly significant benefits 111 outcomes with reduction in blood pressure 

be low 140 or even further below 130 III III I-Ig systolic and 80 mmHg diastolic (Ca rlos 

el aI, 2002). In the present study. therefore, hypertension was defined as patients 

already taking an tihypertens ives or havltlg systol ic BP of> 130 or diasto lic BP of>80 

mill I-Ig at th~ time of admission to the hospital . 

I'Ii1W'HEIlAL PULSES 

Poor blood ci rculillron In the perrpheral arteries IS an indication ofperipheral 

vascular disease. Pulsations of dorsal is pedis and posterior tibial arteries in the feet 

were felt and absence of any one ul'tl1cm \.vas conSIdered abnormal. 
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j.'(IN!)()SCOI'IC EXAMfNA'lWN 

Fundus is lhe area uf H:t1na llndel VISion dunng direct ophthalmoscopIc 

exa llunation of the eye. Presenr.;.c ofrclIl1opathy Wl.lS assessed through dilated pupils 

with the hel p of a "Keeler' aphtha Imoscopc. Retinopathy was diagnosed ifal least one 

microaneurysm, hemorrhage or exudate in :ll least one eye was observed. The 

condition was classified as absent , non ~proJiferalive diabetic retinopathy or 

proliferative diabetic retinopath y (Aiello el 01, J 998). Ifneeded, the patient was sent 

to ophtha lmologist for confirmation of retinopathy. Lf the patient had bilateral lens 

opacities, th is examination was ignored and the patient was labeled as having bilateral 

cataracts. 

NEUROWGICAL EXAMINA'l1ON 

Diabetic neuropathy may involve any part of the nervous system but 

peripheral sensory neurons in the feet and legs are the first and more severely affected. 

IF n patient hos both symptoms and signs of peripheral neuropathy, there is no doubt 

ahout the diagnosis of clinic<1J peri pheral neuropathy. The Illost rrequent ronn of' 

puripheral neuropathy IS, however, asymptomatic type i ,f:, no symptoms but with 

pos itive signs of peripheral neuropathy ( rable 3). On the oth e~ hand, diabetic patients 

with neurologiC(d symptoms do nol II lways show signs of periphera l neuropathy. 

Assessment or sensory polyneuropath y was performed as be low according to the 

method mentioned by Goran S (200 J) 

• I. Ankle jel'i( 

The presence or absence of ank le reflexes all both sides was noted lI si llg a 

tendon hammer. Reinforcement method Was used to elic it the response when required. 

2. Vibrat ion sense 

Vibration sense 011 huem[ and medial malleoli of the ankle jOint, first 

melfltflrsfll head flnd big toe was assessed 0 11 both sides using a 128Hz tuning fork . 

Palient was asked whether he/s he could perceive the buzzi ng sensation produced by 
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vibrating tuning rork on all th e above Sites Fallure to perceive on one or both sides 

was considered abnormal. 

3. P"in 

This was checked by pinprick A clean common paper-pin was used to ask 

the patient ifi! was painful or nol 

4. Touch • 

A piece of cotton Of a sma ll so ft brush was used to ask the patient if he/she 

appreciated il or not 

5. Altered Sensation 

Any reduced or abnormal sensation in the above examination was cons idered 

as ahered sensation. 

Evidence uf neuropathy was obtained on the baSIS of at least one objective 

sIgn 1Ilc luding absence of both ankle tenexcs, absence of VIb ration sense, touch or 

paiD on any s ide, with or without symptoms (Emmanuel ef ai, 2001) 

NEPHIIOI'A7'HIC EXAMINATION 

Biochemical analys is of total protems In 24hr urt nn l)' co ll ection was used for 

nephropathic assessment whi le renal functions were assessed by estimation of urea 

and creatinine in the serum. 

LABORATORY TESTS 

The following tests were per/ormed III the Pathology Department of th is 

hospital. 

I. Pla.\'II/O Glucose: Plasma gill t..:ose at the time ofadrniss ion as well rrs caslIal plas ma 

g lucose at subsequent days were used lo r overa ll assessment of glyce mic SWIUS , but 

g lucose levels taken at the 1!I11C ufadllllsslOIl wcre lIsed liS ICfcl'cncc value. 
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Target levels of p lasma glucose in dinbt!tlc pfl tienls are (Shera, 1999); 

Idea l: 70-105 mg/dl Wasting) <lnd 80-140 mgldl (2hr post meal) 

Acceptable: 80-120 Illg/dl (hlstl ng) lind 80- '60 mg/d l (2hr post meal) 

2.24 HO/lr Urine Profein: This was used for the assessment of nephropathy. Although 

albumin/creatinine ratio (ACR) and mit:ron lbuminuria are cons idered as the s tandard 

markers for incipient nephropathy, the conventional parameter of24hr proteinuria was 

bro ught to application presently because of the general non-avai labil ity of the above 

tests in the local laboratori es . The norma l level of 24hr urine protein, according to 

Mogyoros i and Fuad (2000), is <150 mg but due to the effect of a variety of 

physiological and patholog ica l fhctors such as pos ture, exercise, fever, infections etc, 

the values may be variab le. A va lue of200 rng/24hr proteinuria was cons idered as the 

cut-off value for detection of nephro pa thy, which is equ iva len t to ACR of 0.2 mg 

protein/mg of creatinine (Fairley, 2000) 

3, Sel'UlII Urea and 

../, &rull/ CreCllin i"e: These parameters were used for assessment of rena l function. 

Normal ranges of urea and crea tinine were taken ns la-50 mg/dl and 0.5- 1.1 mgldl 

respectively according to the laboratory kits used. 

SAMPLING 

Blood 

A separate laboratory requ est fo rm for each patient was prepared mentioning the 

date, patient' s name, age, sex, bed nllmber, ward along with the request for plas ma 

gl ucose, urea and creatinine. 

ii. 3 1111 of blood was taken frol11 each patient in a Sm l disposab le syringe us ing ante­

cubical vein, on first day ofnd mission. 

ii i. The sy ringe was labeled with appropriate particulars of the patient along wit h name 

of tests. 

iv. After collection of samples from nIl newly admitted patients for each p:lIticular 

day, they were immediately sen t to the laborntory on the same day. 
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( ltil/It 

i A separate Inbomtory rccjl tC'.':I form fm each patlettl \Va': prepared mcntlonmg the 

d,ut:, palleni's name, u~e, sex, bed Ilurllber, and ward name along with request for 24-

hour urinary protein. 

ii 24-hour urinary co llection was ob tained from each pat ient ill an appropriately 

labeled dean plast ic jar after g lVl11g him/her the following instructions. 

a. To em pty bladder by pass ing and discarding urine at 8.00 A.M, 

b. To start co ll ect ing urine in the jar each time he/s he passed urine thereafter, for the 

who le day and night. 

c. The last insta ll ment to be added 10 thcJa r at 8.00 A.M. next day. 

iii. After dosing ea~h jar tighlly with its lid , tbe collected samples were senl to the 

lab~ratory on the same day. 

PROCESSING 

The blood from syringes wns ll"at1s ferred 10 appropnately labe led cen trifuge 

test tubes. 

2. The t~lbes were centr ifuged for 5 mmutes In a centrifllge machine to separate 

the seru m. 

3. Each serum samplc WilS then prcserved ami Pllt In a lube-rack for furth er use. 

4. Volume of24-hour samples oful"lne was determined by pouring it into a 

graduated container and a 5 Ill! sample \v;lS preserved in a separate test tube 

for fu rt her use. 

ANALYSIS 

PI:lSIn a G lucose 

Method: A laboratory reagent kit of "Eli tech Diagnostics" was used for estimation of 

gl ucose levels in the plasma. Enzymatic co lorimetric meth od was used accordi ng to 

manufacturer's instructions. US Ing the ·' Photometer 40 I 0" the fo ll owi ng steps were 

en rried Ollt. 
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BLANK STANDARD SAMPLE 

Working reagent ImL ImL I mL 

Disti ll ed water 10 J.lL -- --

Standard -- 10l-lL --

Sample -- -- 10l-lL 

1. Using appropriate justers, solutions of blank, standard and samples were 

prepared in-separate test tubes according to above specifications. 

2. All the solutions were incubated at 37" C for 10 minutes. 

3. The wavelength was set at 546 nm. 

4. After making zero adj ustment with reagent blank, optical density of standard 

solution was determined. 

5. Similarly the optical density of each test solution was found one by one. 

6. Finally concentration of glucose in each sample was determined by the following 

equation. OD of Sampl e / OD of standard x n 

where n = standard concentration of glucose = 100mg/dl 

24 Hour Urine protein 

Method: The method used was th e Pyrogallol -Red Method. The laboratory reagent kit 

used for this purpose was " Ultra-Sensitive Proteins Fluitest, USP" from "Biocon 

Diagnostik, Germany". Using the" Photometer 4010" the foHowing steps were 

carried out. 

BLANK STANDARD SAMPLE 
- -------

Reagent 3 ml 3ml 3 ml 

Standard --- 50 flL ---
Sample --- --- 50 flL 

1. Using appropriate justers, solutions of blank, standard and samples were 

prepared in separate tes t tubes according to above specifi cations. 

2. All the solutions were in cubated at 37" C for 10 minutes. 
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3. The wavelength was set at 604 nm. 

4. After making zero adjustment with reagent blank, optical density ofstandard 

solution was determined. 

5. Similarly the optical density of each test so lution was found one by one. 

6. Concentration of protein in each sample was determined by the following 

equation. OD of Sample / OD of standard x n 

where n ~ standard concentration of protein = 100mg/dl 

7. Finally, concentration of protein in 24 hr urine was determined by working out 

the equation. Protein cone.! dl -:- 100 x total volume of urine in 24 hours. 

Serum Urea 

Method: Serum urea was estimated by urease-glutamate . dehydrogenase (GLDH) 

method using reagent kit of"Hul11an Diagnostics, Germany" . Using the" Photometer 

4010" the following steps were carried out. 

I3I ,ANK STANDAIW SAMPLl~ 

Working reragent I mL 1 mL 1 mL 

Distilled water 10 ~L -- --
Standard -- 10 ~L --
Sample -- -- 10 j.lL 

1. Using appropri;:lte justers, solutions of blank, standard and samples were 

prepared in separate test tubes according to above specifications. 

2. All the solutions were incubated at 3r C for 5 minutes. 

3. The wavelength was set at 340 nm (K 20). 

4. After making zero adjustment with reagent blank, optical density of standard 

. solution was determined . 

5. Similarly the optical density of each test solution was found one by one. 

6. Finally, concentration of urea in each sample was determined by the following 

equation. OD of Sample / OD of standard x n 

where n = standard concentration of urea = 50mg / dl 
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Serum C.·eatinine 

Serum creatinine estimation was carried out by alkaline picrate method using 

reagent kit of "RANDOX Laboratories Ltd". Using the " Photometer 40 I 0" the 

following steps were carried out 

- - --- - - ,--
BLANK STANDARD SAMPLE 

Working reagent ImL ImL 1 mL 

Disti ll ed water 100 I--lL -- --
Standard -- 100I--lL --
Sample -- -- 100l--lL 

- -- --

1. Using appropriate justers, solutions of blank, standard and samples were 

prepared in separate test tubes according to above specifications. 

2. All the solutions were incubated at 37" C for 10 minutes. 

3. The wavelength was set at 546 nm . 

4. After making zero adjustment with reagent blank, optical density of standard 

solution was found out. 

5. Similarly the optical density of each test solution was found one by one. 

6. Finally, concentration of creatin in e in each sample was determined by the 

following equation. 00 of Samp le / aD of standard x n 

where n = standard concentrat ion = 1 mg / dl 

RENAL UL TRA'SONOGRAPHY 

Renal ultrasound of a group of patients having nephropathic range 

proteinuria.was performed in the Radiology Department for detection of renal size and 

morphology. The kidney may increase in size during initial stages of nephropathy 

while in the final stage it may become small er in size. 

DATA ANALYSIS 

All relevant data were entered into a pre-designed proforma. After 

scrutinizing more than 250 consecutive cases, 200 cases were selected for study who 



met the inclusIOn cnteria. A datllhasc W:l<; created in the DOS based statistical progmrn 

"rrJ mro version 6,4" and da!:1 :In:ilysis was carried out by application of relevant 

tests. Means, s tandard devlatllllls :lnd slnndard errors for vaflOUs c: haractenstlcs wele 

ca lculated 

Mean \ x) = !:x/ n 

where L "" su m, x = clement va lue, n = to ta l number of element s. 

Stanchmt devia tion (SD) 0= vr. (x 
- 2 
xl / n 

where r = sum, x - x = dev iation score (element va lue minus mean), n = total 

number of elements. 

Slanunrd error (SE) = SD I Y n 

P v,llile detemlllHltlon \V:I-: carl ted ou t either by finding It' stat isti cs using 

student's 't' test ror the difference between two variab les or by uSing chi-square test 10 

evaluate differences between differen t groups of diabetes duration, age, BMI and 

hypertensive I non-hypertensive cases. The ' I' value expresses the number or standard 

errors by which the samp le mean lies above or below the hypothesized mean. 

- - " 2 ( ~ x, - x 2 + v (SO,) / 11, + (SO,) / 11, 

where x,= mean of one sampl e, x.~o= mean of second sample, SD1= standard 

dev iati on of one sample, SD2= standard devia tion of second sample, nl= number of 

elements in one sample, 11 2= l1um ber or elements in the second sample. Degrees of 

freedom (DF) are caculated by the formula 



The '1' value is then compared with critical valueof't' corresponding for the 

degrees offreedom and level of probability ill the prescribed ' t'tables. 

Chi-square, basica lly a test of proportions. shows whether the proportions of 

observations falling in d ifferent categories differ significant ly from the proportions 

that wou ld be expected by c hance. 

Chi- square (X') = (0 - E)' IE 

where 0 = obse rved frequency and E = expected frequency, 

It is then compared with crit ical va lue corresponding for the required degrees 

of freedom and level of probabi lity in the prescribed Chi-square tab les. In Yate's 

correction. (0- E) va lues are reduced by 0.5 before calculating l. 

Most of the above stfttistlcs were reproduced through computer in statistical 

program " EPI info" by appropriate commands. Differences were considered 

significant at P < 0.1. Results wert! expressed as the mean ± SD/SE for quantitative 

variables and as percent proportlOlls for categorica l findi ngs. 
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RESULTS 

PATmNTS' CllARACfER ISTICS 

The totul nllmber o f patIents studied was 200. They were already diagnosed 

diabetic patients with mal e to fema le ratio of 1:2 (34.5% and 65.5% respectively). AI 

presentation, the mean age of the ~tudy group was 48.3± 13.3 years with ages between 

14 and 75 years. Mean heighland weight were 1.57±D.09 meters and 6S.2±13.4 kg 

respectively wi th heights rangi ng from 1.40 to 1.8 1 meters and weig hts ranging from 
• 

27 to 100 kg. 32 ~ut or200 pat ients presented as type 1 OM and 168 were iden tifi ed as 

type 2 OM. BM] ranged from 12.3 [03 1.6 kg/m2 for type I OM (21.3± 5.6) and from 

15.1 to 42.9 kg/m2 for type 2 OM (27.3±4.7). Duration of diabeti c diagnosis ranged 

from newly diagnosed to more tll ::! 1l thirty years with a mean duration of 8.5± 5.6 

years , 46% patients had a pos itI ve family hi story of diabetes, 8.5% patients were 

found as being smokers. Clinically, 011 measurement of blood press ures (BP), it was 

found that mean systoli c BP r~l.11ged from 70 to 210 min Hg (131 ± 25 mm Hg) while 

dIastolic BP ranged from 30 lu 110 mill I-Ig (79 ± 13 mm Hg). A total of 53.5% 

patients were recorded as hypellcnslves of which J 1.5% .had an already diagnosed 

hypertension while in the rem:ulllllg 22% patients, high blood pressure was detected 

for the first time, Blood g lucose mcnsured a\ the time of admission ranged from 34 to 

583 mg/dl with a mcan va lue of 33 1±1 11 . Thc nbove general and clinical 

characterist ics are represented in Table 4. 

PREVALENCE OF MICROVASCULAR COMPLICATIONS 

Determination of the preva lence of micro-vascular complications i.e. 

relil1opathy, nephropathy and neuropathy was one of the main objectives of the present 

study. Retinopathy was found III 5 1% cases with a male to fema le ratio of - 1:2 

Nephropathy was found to have a prevalcnce rate of56.5%, male to female ratio being 

- I :2. Maximum prevalence W<lS no tcd 111 case ofncuropathy. which was 68.5% with a 

male to remale ratio or I :2. Finel!ll pnlit:llts who had bibtcmllclls o paciti es (cH l<lmcls) 

required su rgery and retinopath y W<l5 therefore not pos5ible to be assessed among 
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them. By excluding these 15 palll!llts from tomlnumber ofpauents for the purpose of 

retinopat hy, the prevalence of rctll10pnlhy was 102 out of IS:" pat ients l.e.55 2 % 

(Tab le 5). SlOce the.: o1tcroanglopatlll4!S mostly have a COllllllon lInderlYlng 

pathologica l mechanism, they frequently occur s imultaneous ly, hence their presence in 

different possib le combi nations was also f1ssessed. All the lhree complicalJons 

occurred in 30.5% pat ients. The percentage of patients affected with only one 

complication (either retinopathy or ne phropathy or neuro pathy) was 19.5%. 

Ne uropathy and nephropathy were detected in 9% and 8% cases respectively and 

retinopathy alone was detected in on ly 2.5% cases. The proportion of patients having 

two complications was 32.5%. The association between nephropathy and neuropathy 

and a lso between retinopathy and neuropathy occurred in 14.5% cases. However 

combination of retil1 opath y and nephropathy was unexpected ly less frequent and was 

on ly 3.5%. The patient s witholll <my complicntion represented 17.5% of the sHldy 

population (Table 6), 

DURATION OF DIABETES AND MICltOVASCULAR COMPLICATIONS 

To assess a possibl e relationship between duration of diabetes and the 

prevaJence of retinopathy, nephropathy and neuroputhy , the patients were categorized 

Into five groups; 1 = ~.O years, 2= 5.1· 10 years, 3= 10.1·15 years, 4= 15. 1·20 years, 

5= >20 years (Table 7). Distribulion of comp'licntioJl s was s tudied in a ll five gro ups. 

The number of patients was maximum in group I i.e. 66 while the number of patients 

III gro up 5 was mit, imal. The pusillve rela tionship of retinopathy, nephropathy and 

nellfopathy was s ignifi cantly associated with increasing duration of diabetes (p 

0.00/, < O.OJ and « J.()OI respectively). As expected, least proportions of 

complications (16.66% for retinopathy. 37.88% for nephro pathy and 36.36% for 

ne uropa thy) were observed in the :S5 year gro up and highest proportions (88.89% for 

retinopathy. 77.78% for nephropathy and 1)3.33% for neuropathy) were observed in 

the 15.1-20 year group (Tab le 7). For >20 year durat io n gro up, the resu ltant 

proportions were almost 100% but it cannot be considered conclusive si nce the 

number ofpatienlS in thot group was very smull i.c. only 3. Comparing mean va lues of 

diabetes dunltiOI1 between patIents wjth and without retinopathy. nephropathy or 

27 



IH.!Llropa1hy. the va lu e!; were IlIghl'l III every case for the former group (10.9 vs 5.1 

year. 100 vs 6.7 years aflrJ I U,~ \ 'i 4 5 yea rs respectively) the results bemg highly 

significant, F O.O()I (Table II) ~IIl)lI,Hly vy t.:ompanng the mean values m patIents 

IHlVing anyone or more complications (9.6±5.3 years) with those having no 

complication (3 3±2.1 years). tlwlI! W!\$ a highly significan t statistical difTerence. 

p 0,001 (Table 12) Male to female rallO was approximately 1:2 for each duration 

grollp. Figure 1 shows relationship between diabetes dumtion and the three 

complications. 

BODY MASS INDEX AND MICIWVASCULAJl COMPLICATIONS 

To determin e relationship between body mass index (BMI) and the 

developmen t of retinopathy, nephropathy and neuropathy. the patients were divided 

into' six groups taking BNU (in kg/1ll2) into consideration. 1= <20,2= 20-24.9, 3= 25-

299,4= 30-34.9, 5= 35-399, 6= .AO (Tab le 8). Distribution of comp li cati ons was 

assessed ill all six groups. MaxllllullI number of patients i.e. 36% (n=72) fell In grollp 

3 indicat illg "mild obesity" Only three pallents fell in group 6 indicating "severe or 

morbid obesity" It can be observed ITom Table 8 that as 8MI increases, the 

proportion of patients having retinopathy, nephropathy and neuropathy also increase 

lilltil n paradox. ical decline (33 13%) In highest BMI group. The results were 

s ignifi can t for retinopathy tlnd neuropathy (p <0,01) but non-significant rOf 

nephropathy (p 0.66./). The meall ullul!S or BMI in patients with either retinopathy or 

neuropathy were higher as compared to those patients who were without that 

complication (26.) vs 26,0 and 27 I vs 26.9 respectively) although the difference did 

not reach stati stica l significallc(!, I' (), I (Table II). Mean BMJ values in patients with 

and without nephropathy were almost cqual (26,4 vs 26.5). Simi larly when mean BMI 

va lues were compared in paticnts having anyone or more complications (26,9±3.9 

kg/m'.!) with those having no cOlllp lication (24.3±3,3 kglm\ a highly s ignificant 

statistical difference was obselved with p f),Of) I (Table 12). Male to female ratio in 

different gro ups for ally complicallull rellHllncd approximately I :2. Figure 2 shows a 

relat ionship pattern between boch mnss Index and retinopathy, nephropathy and 

nt!llropathy 
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AGE AND MICROVASCULAR COMPLICATIONS 

To determine age-wise <.lIslribulIOIl of retmopillhy. nephropathy and 

TlrJuropathy in the presently studied pll11cnts . th e pmienls were grouped on the basIs of 

age presented at the time of admission, t= 10-19 years, 2= 20·29 years, 3= 30-39 

years, 4= 40-49 years, 5= 50-59 years, 6= 60-69 years, 7= >70 years (Table 9). 

Highest num ber of patients , 33.5% fell in group 5 while group I contained lens! 

number of patients (3,5%). Distribution of complications was studied in all seven 

groups. As shown in Table 9, it was observed that as age increased, the proportion of 

patients having complications also increased evel1 lIplO >80% in 60-70 years age 

group and above: The results we re s tatisti ca ll y significant (p <0.01) for ret inopathy 

and nephropathy and highly significnnl (p (J,OOI) for neuropathy. The mean age in 

patients with either retinopathy or nephropathy or neuropath y was higher th~H\ those 

without these complications (S 1.3 vs 42.8, 5 1. 1 vs 44 .6 and 5 1.8 vs 40.6 years 

respect ively), the difference being hi gh ly signifi can t with jJ <0.001 (Table II ). 

S imilarly comparing mean age 111 patients having anyone or mo re complications (50.6 

± 12.8 yrs) wi th those liaving no complicat ion (37.3 ± 7.4 yrs), the resull showed a 

statist ically highly significant difference, f1 0.001 (Table 12). OveralJ ratio of male 

and female distribution ngam remained 1.2. The relationshJp between age and the 

three complications is shown in Pigu re J 

HYPERTENSION AND MICROVASCULAR COMPLICATIONS: 

Hypertensio n was observed in 53.5% cases o ut of which 22% cases were 

newly diagnosed at the time ofadmiss ioll . Hypertensive and non-hypertens ive patients 

were compared for retinopathy. nephropa thy and neuropathy. The results showed that 

preva lence of retinopathy was 57.94% in hypertensive patients and 43.0 1% in non­

hypertensive patients. Nephropathy preva il ed in 58.88% cases among hypertensive 

patients and in 53.76% cases aillong norm otensive patients. Neuropathy occurred in 

76,64% cases III patients havi ng hypertension and in 59.14% in those having normal 

blood pressu re (Tab le 10) The results were statistica lly significant 111 case of 

ret inopathy (p <0.01) und llell1"opalhy (p 0.(5) and non-significant 111 case of' 

nephropathy (p~O.558) The proportion of hypertensive cases among patien ts havHlg 
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either retinopathy or nephrop:uhy Of neuropathy was greater than among those who 

did not have that complicallon (6078 VI; ~) 71 u/CI 415.75 vs 50.57%, and 59.8.') vs 

39.68% respecti vely) (Tublc 11) Sll lllhllly Illcre wcre 56.35% cases or hYPl!rtells lon 

in patients having anyone or more complications as compared to 40% cases in those 

who had no complica tion. Statist ica l n n ~d ysis revea led highly significant difference (p 

(U}OJ) (TobIe 12). Figure 4 represen ts relat ionsh ip between hypertension and the 

three complicat ions. 

RENAL FUNCTION TESTS 

Renal rUllcti ons of th e patien ts were assessed by serum creat in ine and 

ufea. Sennll urea ranged from 14 to 80 mg/dl with a mean value of 29.9 ± 12.6 and 

semm creatinine mnged rrom 04 to I I mg/ci l with a mean val ue of 0.73 ± 0.19 in 

patients wi thout nephropathy. In contrast, mean serum urea level was 38.7 ± 25.4 

(range=12 M I80 mg/dl) and mea n Senlill crcatll1 ine level was 0.94 ± 0.53 (range= 0.4+ 

J .9 mg/dl) in pa ti ents wlfh nephropathy VI' fUJI tllIIl " 0.05 respectively). Mean 

proteinuria level in 24hr was 102 ± 48 (rang.e""21 -200Illg) in patients without 

nephropathy and 945 ± 1109 (range= 207.6200mg) in patients with nephropathy, 

1"' 0.001 (Table 13). 

RENAL ULTRASONOGRAPHY 

Renal ultrasonography ror assessment of renal morphology was 

performed in 43 patients having prote in llfi<i in ncphrop<ith ic range. The result showed 

abnormal increase in the size of kioney In on ly two patients. In the remaining forty 

one patients, ultrasound examinntion showed normal results. 

CONCURRENCE OF MACROANGIOPAT HI ES 

Coronary artery disease was founo in 9% patients, while hi story of 

cerebro+vascular di sease was positive in on ly 2.5% pat~ents. Peripheral vascular 

disease as defined by absence of pulsa tions in dorsalis pedis and posterior tibial 

arteries of the foot, was recorded in 4% pat ien ts while lower limb am ptll31inns 

(includi ng loss of leg. foot or n P:1fI of foot) were found in 7 % cases (Tab le 14), 
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SEX DTSTRIDUTION 

The mIlo of male to fcm:lie 01 the :.; ubJccls stlld icd was nea rly 1,2 (absolute 

values, M:P= 69 ' 13 1) In the s tudy subj ects. The same ratio was reflected 

proportionately in case of every type of complication whether alone or in combination. 

This pattern was also observed for differen t groups formed on the bases of age, 

duration of diabetes and body mass index <lnd also when these were compared among 

themselves in relati on with retinopathy, nephropathy or neuropathy (Tables 7,8 & 9). 

On the other hand , in case of macroangiopathies, female patients showed sl ight 

preponderance over male patients as compared to microangiopathies (Table 14), 
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TABLE 4: GENERAL AND CLINICAL CHARACTERISTICS OF THE 
STUDY POPULATION 

CIIARACTER NIIMBEI{ PlmCENT I{ANGE MEAN:lSl) 

- @ - -AGE(%) 

Number 200 -- -- --

Male 69 34.5 -- --
Female 13 1 65.5 -- --

Age (years) -- -- 14-75 48.3±13.3 

Height (meters) -- -- 1.40-1.81 1.57±0.09 

Weight (kgs) -- -- 27-100 65.2±13.4 

BMI (kg/m2) 

-Overall -- -- 12.3-42.9 26.4±5.4 

- For type 1 -- -- 12.3-31.6 21.3±5.6 

-For type 2 -- -- 15.1 -42 .9 27.3±4.7 

Patients with Type 1 DM 32 16 -- --

Patients with Type 2 DM 168 84 -- --

Duration of Diabetes (yellr,\1 -- -- 0.1-32.0 8.5±5.6 

Positive family history 92 46 -- --

Smokers 17 8.5 -- --

Systolic BP (mmHg) -- -- 70-210 131±25 

Diastolic BP (mm Hg) -- -- 30-110 79±1 3 

Hypertension 

- before 'admission 63 31.5 -- --

- on admission 44 22 -- --
-Total 107 53.5 -- --

Plasma Glucose (mg/dl) -- -- 34-583 33 1± 111 
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TABLE 5: PREVALENCE OF MICROVASCULAR 
COMPLICATIONS 

COMPLICATION N M:F 

Retinopathy 102 38:64 

Nephropathy 11 3 39:74 

Neuropathy 137 45:92 

Bilateral cataracts 15 4: 11 

%age 

51% 

56.5% 

68.5% 

7.5% 

TABLE 6: DIFFERENT COMBINATIONS OF RETINOPATHY; 
NEPHROPATHYAND NEUROPATHY 

PATIENT GROUP COMPLICATIONS IN N % age 
COMBJNA TlON ----_. .- - _. ----- ,-- .. --- --.----------- . 

Retinopathy+ 
1. With All three Nephropathy+ 61 30.5% 

complications Neuropathy 

Retinopathy+Nephropathy 7 

2. With Two Retinopathy+Neuropathy 29 
complications 32.5% 

Nephropathy+Neuropathy 29 

Total =65 

Only Retinopathy 5 

3. With Only one Only Nephropathy 16 
complication 19.5% 

Only Neuropathy 18 

Total =39 
No retinopathy 

:4. Without No nephropathy 
any complication No neuropathy 35 17.5% 

TOTAL 21111 lOlI% 
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TABLE 7: MICROVASCULAR COMPLICATIONS IN DIFFERENT 
DIABETES DURATION GROUPS 

DURATION 
(yrs) 

1. ~5. () 

2. 5. I-If) 

3. 1 f).I-I5 

4.15.1-20 

5. >2(). () 

TOTAL 

l. p=-o 
2. P = 0.0036 

3. p =- O 

RETINOPATHy1 
NO. 
OF N 

PTS. 

66 II 

64 42 

49 31 

18 16 

3 2 

200 102 

<1=72.46) 
<1= 17.50) 

<1=49.92) 

M :F o/., 

4:7 16.66 

14:2X 65.62 

1219 63.26 

7:') SS.S') 

1:1 66.67 

38:6-' --

34 

NEPHROPATHy2 NEUROATHyJ 

N M:F % N M:F % 

25 8: 17 37.88 24 6: 18 36.36 

38 12:26 59.38 50 18:32 78.13 

33 13:20 67.35 45 13:32 91.84 

14 4: 10 77.78 15 6:9 83.33 

3 2: I 100 3 2:1 100 

113 39:74 -- 137 45:92 --



TABLE 8: MICROVASCULAR COMPLICATIONS INDIFFERENT BMI 
GROUPS 

BMI 
(Kg/m2) 

1. <20 

2. 20-24.9 

3. 25-29.9 

4. 30-34.9 

5. 35-39.9 

6. 24() 

TOTAL 

I. P = 0.0065 
2. P = 0.644 
3. P = 0.0057 

~ 

NO. RETINOPATHY' 
. OF 

PTS. 

N 

22 H 

61 29 

72 45 

30 15 

12 5 

3 . 0 

200 102 

(x' = 27.50) 
(X' = 4.24)' 

(X' = 18.20) 

M :F 0/0 

4:4 36.36 

10: 19 47.54 

20:25 62.50 

3: 12 50.00 

1 :4 41.67 

-- --

38:(,4 
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NEPHROPATHy2 NEUROPATHyJ 

N M:F % N M:F % 

12 5:7 54.54 9 3:6 40.90 

32 11121 52.45 37 12:25 60.66 

46 19:27 63.89 56 23:33 77.78 

14 3: 11 46.67 25 5:18 83.33 

7 1:6 58.33 9 2:7 75.00 

2 0:2 66.67 1 0:1 33.33 

113 39:74 137 45:92 



TABLE 9: MICROVASCULAR COMPLICATIONS IN DIFFERENT 
AGE GROUPS 

AGE 
(years) 

1. 10-19 

2. 20-29 

3. 30-39 

4. 40-49 

5. 50-59 

6. 60-69 

7. :?70 

TOTAL 

1. P = 0.0013 
2. P = lU)093 

3. p = 0.00015 

NO. RETINOPATHY' 
OF 

PTS. N 

.7 1 

16 4 

17 7 

50 24 

67 41 

32 19 

11 6 

200 102 

(x' = 31.97) 
(x'= 16.97) 
(X'=32.13) 

M:F O/" 

1:0 14.28 

2:2 25. 00 

25 -'1.18 

9 17 -'8.00 

14:25 61.20 

6: 13 59.37 

4:2 54.55 

38:64 --

36 

NEPHROPATHy2 NEUROPATHyJ 

N M:F % N M:F · % 

3 2: 1 42.86 1 1:0 14.28 

7 3:4 43.75 4 1 :3 25.()0 

4 2:2 23.53 12 4:8 70.58 

25 8: 17 50.00 32 10:22 64.00 

46 13 :33 68.66 51 16:35 76.12 

19 7: 12 59.37 28 9:19 87.50 

<) 4:5 81.82 9 4:5 81.82 

113 39:74 -- 137 45:92 --



TABLE 10: MICROVASCULAR COMPLICATIONS IN HYPERTENSIVE 
AND NON-HYPERTENSIVE PATIENTS 

CONDITION 

With Hyper 
tension 

Without 
Hyper-
tension 

TOTAL 

I. P ~ 0.023 
2: p = ll.55X 
3. p ~ 0.012 

NO. RETINOPATHY! 
OF 
" PTS. 

N 

107 62 

93 40 

20(1 102 

(X2 ~ 7.50) 
(X2 ~ 0.34) 
(X2 ~ 6.27) 

M:F '1.. 

2537 57.94 

13 :27 43.(11 

38:6-1 --

37 

NEPHROPA THy2 NEUROPA THyJ 

N M:F % N M:F % 

63 24 :39 58.88 82 27:55 76.64 

50 15:35 53.76 55 18:37 59.14 

113 39:74 -- 137 45:92 --



TABLE 11: COMPARISON OF MEANS OF AGE, BMI, DIABETES 
DURATION AND HYPERTENSIVE CASES BETWEEN PATIENTS WITH 
AND WITHOUT RETINOPATHY, NEPHROPATHY OR NEUROPATHY 

RETINOPATHY· NEPHROPATHY· NEUROPATHY· 

ABSENT PRESENT ABSENT PRESENT ABSENT PRESENT 
- - - ----

AGE 42 .8±14.1 51.3±11.4 44.6±13 .7 51.1 ± 12.4 40.6±14.4 51.8±11.2 
meal1xSD (yrs.) 

BMI 26.0±6.3 26 .5±4.7 20.4±5.5 26.5±5.3 26.9±5.9 27.1±4.9 
meal1xSD 
(Kg/m2) 

DIABETES 
DURATION 5.1±4.8 10 .9±4.9 o 7±5.0 10.0±5.7 4.5±4.5 10.4±5.1 

meanxSD (Yrs) 

HTN 35/98 621102 44/87 631113 25/63 821137 
(No./out oj) (35.71 %) (60.78'Yu) (50.57%) (55.75101) (39.68%) (59.85%) 

• p <(l.OOI (highly significant) for uge, diuhetes duruli on und hl1'er"'nsion when eompn rcd for present und nhsenl slute " I" 
"neh complicntion hut not for BMI resulis hnving yielded nOI1- signilieant dillerenee ( p > (l.!) I"or nil the three eomplieutiolt, . 

TABLE 12: COMPARISON OF MEANS OF AGE,HMI, DIABETES 
DURATION AND HYPERTENSIVE CASES BETWEEN PATIENTS 

HAVING SOME COMPLICATION AND THOSE HAVING NO 
COMPLICATION 

AGEL BM12 DIABETES HYPER 

(mcan±SD) (mcan±SD) DURATIONJ TENSION4 

GROUP N yrs kg/m2 (mcan±SD) N (%) 
yrs 

WITH SOME 165 50.6±12.X 20.9±3.9 9.6±5.3 93 (56.35%) 
COMPLICA TION 

WITHOUTANY 35 :l7.3±7.4 24.3±3.3 3.3±2.1 14 (40%) 
COMPLICA TION 

. -- - - --

I. P <(l .OOl 2. p<O.05 3. p<Il.()O! ~ . p <(l .on ! 
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TABLE 13: RENAL FUNCTION TESTS AND PROTEINURIA IN 
NEPHROPATHIC AND NON-NEPHROPATHIC SUBJECTS 

WITH NEPHROPATHY WITHOUT 
TEST NEPHROPATHY 

Range Mcan±SD SE Range Mean±SD SE 

Blood Urea 
(mg/dl) 12-180 38.7±25A 2.39 14-80 29.9±12.6 1.34 

Serum 
Creatinine 

, OA-3.9 O.94±O.53 0.05 OA-l.l O.73±0.19 0.02 

(mg/dl) 

24Hr 
207-

p-
value 

<0.01 

<0.05 

Proteinuria 
(mg) 

6200 .945±II09 104 21-200 102±48 5 <0.001 

TABLE 14: CONCURRENCE OF MACROANGIOPATIDES 

CONDITION N M:F 0/0 

CoronaJY artelY disease IX 4:14 9 

Cerebro-vascular dbiease 5 1 :4 2.5 

Peripheral vascular disease 8 ~:5 4 

Amputatiom 14 4:10 7 
. 
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FIGURE 1: RELATIONSHIP BETWEEN DIABETES DURATION 
AND MICROVASCULAR COMPLICATIONS 
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FIGURE 2: RELATIONSHIP BETWEEN BMI AND 
MICROVASCULAR COMPLICATIONS 
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FIGURE 3: RELATIONSHIP BETWEEN AGE AND 
MICROV ASCU LAR COMPLICATIONS 
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FIGURE 4: RELATIONSHIP BETWEEN HYPERTENSION AND 
MICROVASCULAR COMPLICATIONS 
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DISCUSSION 

DiahufC:> rndlltlls IS uSlIa ll \,;1I\ In\;\l'rsib1c (hscasl! O1nd ahhougll patients mill 

reasonably have a nOfrlllllld'e-s tyil', l:olllplu::1tions thllt develop latcr result;n reduced 

hie cxpcl.: tancy :lnd cOllsldcl':lbk IIpt:lI'l' of health resources. Its microv:1scuhr 

complications lead to retinopathy, nephropathy and ncuropalhy while macrovasclI lar 

comp lications lead to coron:IIY artery disease, cereb ro~vtlscld a r disease. peripheral 

vascular disease and amputations 11 Ilti s bUCll argllcd with certai nty that all diabetic 

patients are at risk for developi ng l:omplicntions like retinopathy and others. Although 

one cannot precisely predict progress or comp li cations to an advanced stage, certain 

faclors such as degree of' hyperglycemia , disease duration, advanc ing age, 

hypertens io n, pre-ex isting coun terpart, and chron ically poor g lycemic control increase 

the likelihood that complicatIOn'> wi llllflSC (Gamel, 1998). The present wo rk ca rri ed 

out in the Department of EndOCrinology, Postgraduate Medical Insti tute, Hayatabad 

Medical Complex, encompasses SlIllle of the above mentioned factors i.e. diabetes 

duration, obesity, age and hypcrtt.:llsion , studied in relation with the frequency of 

retinopathy, nephropathy and nculOpathy The pnllt!lIts stuuled were categorized into 

chfferent groups each lime on the baSIS of above parameters. To avoid bias that might 

be caused by the unequal number of patients in different groups, they were compared 

accordi ng to percent proportlolls III each gro up . 

PREVALENCE OF M1CROV ASCULA R COMl'LlCA n ONS 

Diabetes mellitus is growing worldwide like an epidemic and our popu lation 

is not an exception. Being inhabll!lllts ora deve loping country, we are at higher risk o f 

contracting this disease (Venkat. 2000). Increasi ng prevalence of diabetes, lack of 

proper education in the populnt lol1 about the nature and course o f the disease and 

general apathy of the patients towa rds necessary metabo lic control are the main facto rs 

paving way for an ea rl ier unset of nllcrovascular complications. Khan (199 1) 

conducted a pilot study in Karachi on 1000 diabeti c patients for screening of 

retinopathy The study showed that 780 (26%) patient~ had retinopathy. The incidence 

was 0.7% in 21·30 year age gro ll!, and 661% III >5 1 year age group for males and 



I 1 % and 54,2% respectivelv 1(1t' femules III con trast the present study demonstrated 

<"1% patients with Icllnopilthv whu.:h 1:-; almost dOllble the mte of aforementioned 

study. 

Both ;n type I :tnd type 2 DM, 1\ has become Increasingly denr lhat multiple 

risk factors may be as lJnportant tl:-; hyperg lycemia. Karamanos el at (2000). llsing the 

cross sectional data of the EURODIAB lDOM project to identify the factors 

associated with early onset and late pro tecti on from microangipathy in type I diabetes. 

studied 300 cases and compared the extreme gro ups i.e. those with microangiopathy 

within 5 year duration wi th those without mlcroangipathy even after 14 year duration , 

I-Ie concluded that the former group had higher prevalence of hypertension, 

hypreli pidemia , poor glycemiC control, obe . .:;ity, smoking and cardiovascular disease 

mdicating their positive re lation with the development of microvascular 

complications. Thus tile more tht:se f;lctors arc. present concurren tly in a diabetic 

patient, greater is the possibility of developing complications. The present study 

included more patients with older age (>50 160 years), longer diabetes duration, poor 

glycemiC cOllllol and hYPCflI.:11<)IOrl Obvlollsly, these patients are more prone to 

develop nllcroanglOpatllles, Moreover, thiS o lder age group has relatively lower level 

or education :l.nd awareness and pr(;sl.;l1t (ilemselves to the health care system at a time 

when the d isease lIas already progressed to ndvanced stage and the complications have 

shown their prt:sence, This [S :lIIodll;:r fc,)SOn that the study has shown a relatively 

higher frequency fo r each compl[cat[on as compared to studies repol1ed befo re 

(Cathelineau el aI, 1997), Yet. lhese results are approximately In acco rdance to th ose 

rep011ed for retinopathy by Klei n ~.( (1/ (1996). who monitored a group of 996 LOOM 

patients and ano ther group of 1780 NlDDM patients for almost 10 years. Among these 

patients includ ing both younger and o lder mdividl1a ls, they observed that some degree 

of retinopathy occurred in 82 - 100% of the patients depending upon the levels of 

HbA t c. In another study, Akbar 1:1 0/ (1001) screened 572 admitted diabeti c pati ents 

in a lead ing hospital of Saudi Kingdom and showed that 268 (41 %) were hypenens ive, 

99 (38%) had retinopathy, 17-'1 (3()%) had protein uri a with 81 (47%) among them in 

rena l fai lure and 54% hl;id l1europathy They attributed the frequency of complicatlOlls 

to lIladequate screenlllg. Results of the present study are not different and have shown 
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even hJ gher frequenci es than Ilbove II is reaso nable to believe that in our diabetic 

patients too, inadequate screeJllllg is another facto r leading to unacceptably high 

prevalence of above compl icatIons 

An interesting and fortunate findi ng in the present study is that in sp ite of 

very high preva lence rates , most of the pa ti ents with retinopathy and nephropathy did 

not reach the end-stage disease i.e. adva nced diabeti c eye disease and ESRD which are 

the principal causes of blindness and death in such type of patients. Diabetic 

retinopa thy is a condition which ranges from minor incipient changes needing only 

observation to severe pro liferat ive changes needi ng laser treatment (Plate I) (Kohner 

el ai, 1996). Five patients in th is study suffered from pro liferative stage. Similar 

situation occurred with nephropathy, which also progresses from the initially ben ign 

conditi on of microa lbuminuria to the fata l ESRD and renal fai lure needing renal 

rep lacement or dialysis for surviVill. Only one pat ient was found to have ESRD who 

was started on dialysis but was unable to survive (Plate 2). Vario us other population­

based stlld ies have shown s ll ch type of rind ings for retinopathy. However, the reason 

fot· a large variation in the prc.v al t; rl cc of tutal and proliferative ret. inopathy could 

possibly be due to the fact that the studies were not performed under the same 

condi ti ons (Khan , 199 1). Especially III thi s stu dy, it can also be expla ined by the 

re latively small er ~value for the meal} duration of diabetes. which has not been able to 

prevent the initiat,ion of com plica ti ons bU I is still not eno ugh to cause progression. In 

contrast, diabeti c foot prob lem, whJch is commo nly due to combinati on of neuropathy 

and periphera l vasc ular disease (defIcient blood supp ly), is very com moll presenul.lion 

causing considerab le morb idity and threa t to amputations. Given the Jack of edu cation 

and inadequate self·care on part of th e pati en ts, it is reasonaole to expect that a large 

percentage of diabetic patients mny develop serious disabilities concern ed with these 

complications. Concurrent presence of retinopathy. nephropathy and neuropathy in 

va rious combinations that was observed with a reasonably high preva lence rate in th is 

st udy is another matter of concem. This situation sets up a vicious cycle with one 

compli cat.ion predisposing to the other. This Illay leave the, patient in a hig hly morb id 

sta le. 
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DURATION OF DlABETES 

The preva lence and ,", cVt' ftty of retllwpathy, nephropathy and neuropathy 

have a positive relationsh lP with duration of diabetes. For example, th e younger the 

age at onset of diabetes and the longer the duration of diabetes , the greater is the risk 

of developing neuropathy during the fo llowi ng years in type 1 0 M. On the other 

hand, type 2 DM begins insidiously and may be preceded by a long period of 

und iagnosed glucose intolerance Neuro pathy may be a presenting fea tu re or 

appearance of another compl ication may be the incidental finding during routine 

examination fO f sOme other ill ness. This was also can finned by the study of Kasthuri 

ef a l (2000), in which it was shown IhM both prevalence and severity of neuropathy 

increased w.ith duration of diabetes: prevalence from 7.50% at the time of diagnosis to 

66.35% after 25 years and severity from 17.39% to 48.28% as the du ration increased. 

In the present study, the interplay between the duration of di abetes comp ri si ng 

different groups and the frequency of complications followed the above mentioned 

princip le. This observation is also I II agreement with the study of Khan (199 1) who 

observed a remarkable co rrelation between diabetes duration and retinopa th y i.e. 182 

(23.3%) hild diabetes for 1-5 years and 598 (76.6%) had diabetes for 6-16 years. 

Results of the present study show that :lfter >20 years diabetes duration. the 

occurrence of microvascular complications is nearly 100 percent. Although these 

fig ures cannot be regarded as trllly conclusive due to small number of pati ents 

representing th is duration group. they are in agreement with the study of Intekhab 

(1997). He descri bed that the peak incidence of diabetic nephropathy occurs after 16 

years in type 10M and after 20 years in type 2 OM. Another study sugges ted that 

di abetes dura tion and degree of metabolic control are the most important predictors of 

occurrence and progression of devdopi ng reti nopathy (Agardh el af, 1994). Similarly 

Zhang el al (2001). analyzed from their study in DeeT that only three variables were 

significantly related to the development of diabetic retinopathy after adjustment fo r 

metabolic control ; i,e. dura tion of part ici pation. HbA\ II and BMJ at baseline. A 

considerably high prevalence ofrel !JlOpalhy and other micr~v ·utaT complications in 
oJ. LI I ," ~ 

lhe present study is probablY;1 renl!ction orille observat' s-111 entionelltip Ie above 
Q ... 
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sHidies namely [he etTect of COII!ll UHI[ IOIl or poor glycemic eOIHrol nnd relRflvely 

longer diabetes uUfnt ioll 

The higher mean ":liues of d,nbclcs duration III pauents havi ng oll e 01 other 

complicHllon as compared to those withoU1 1 hat complication is also an indication that 

there exists a positive relationshi p be1ween the duration of diabetes and the 

microvascu lar complications Likl'wise de tection of higher mean va l'ues of diabetes 

duration for patients having onc or 1I10re complication as compared to those having no 

com plication also favours this relationship. A nle~lger number of patients in the group 

of >20 yr dllration, which is only Ihre~, may indicate that the prevalence of patients 

wi th a very long diabetes duratIOn IS low in the general diabetic pool. This in turn , 

IlHly be due to the fact that diabeles WfiS IIllich less common 20 years ago than it is 

today or because of the possibility Ihat mortality may be high in patients approaching 

Ihis much duratIon. 

BODY MASS INDEX 

Obesity is highly assocl:Ht:d with insu lin resistance and is (he bIggest risk 

factor for type 2 DM. Although the molecular baSIS of this CO lln llon syndrome IS still 

poorly understood, a possible key I ole of tumor necrosis nietor (TNf a) produced by 

adipose ti ss\le has been suggested, Katsuki ~I (1/ (1 998) have concluded that serum 

TNF ex. levels arc mnuenced by body fa ! :Iccumulation and that they contribute !o 

Insulin resistance associated with obes ity and type 2 OM. Obesity is defined and 

classified on the baSIS of body IlH1SS IIldcx (Baroll, 1989): mild obesity with BMl 

between 25 lind 30 kg/m 2
, ll1odel:tlc Obl.!:-illy with 8MT of 30·40 kg/m2 and severe or 

morbid obesity with srvn of >40 kg/m2 However in this study, as evaluation of 

poss ible relationship between 13MI and nlicroangiopathies was desired, patients were 

grouped according to uniformly im:reas1l1g BMl frOllllower to higher va lues. 

Body mass index (8MI) IS lI ot only n reliable index or body weight but 

diabetic microangoipathies are also positively related to it. Type 2 OM is generally 

more comlllOn III obese ~Hlll1tS where insulin resis tance is considered to be the cl\lef 

Il1cclmnisrn res ponsible for the i,.::ms:ll1on of dinbclcs (Masud r! t al. '992) Oil 
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evaluation of' relati onship between differe nt BMl groups and microvascular 

compl icatio ns in diabetic pati ents , the present stu dy has shown a fl se in percent 

prOl>O rtJ OnS o f retino pathy, nephropathy and neuropathy with the Increase in range of 

body mass index. This is generall y III agreement with stud ies reported previously 

(Hendrick et al. 2002). The apparel1t decl in e of complications in the higher BM] group 

(~40 kg/m z) could possibly be due 10 a $l1lal1er representative group . The finding in 

this study that the mean BMI vallie for patients having retinopathy or neuropathy was 

higher as compared to that for patients without them replicates the results of 

EURODIAB IDDM Comp lication Sludy, in which Karamanos el at (2000) found that 

those who had microangiopalhy, ill addition to other outcomes, also had higher BMl 

levels. Higher mean 8M] va lue for patients hav ing one or more compli cations as 

co m'pared to those having no con1plicution is yet another indication of positive 

relationship between 8MI and the above complications. Another interesting 

observation of the presen t study was thai patients with type 2 OM showed lesser 

tendency for obesity. The ffil"!Hn 8MI va lu es fell in the high nonnal to mild obesity 

r:loge, which was 27.38 kg/m:" rlrstly, It may indicate lhal obes ity genetics is not 

In volved in mas I of these diabett c paoen ts. Secondly, it may indic.'lte the state of 

under-nutrition prevailing in Olll" pupulat ion due to low socia-economic conditions. 

I' ATLENTS' AGE 

In developing countri es, majority of people with diabetes are in age range of 

45-64 years. tn th~ developed coulltries. majority of people with diabetes are aged >65 

yrs. This pattern -is expected to be lIccentua ted through the year 2025 (King el aI, 

1998). Apart. ITom being a risk faclOr for diabetes, advancing age causes increase in 

th e frequency and severity of diabetic complications. As the age of diabetic patient 
. . 

Increases, the duration of existellt diabetes increases, -capacity of resistance to 

infections and other stress condi tions decreases, diet adjustments become more 

disturbed, physi"cal activ ity decline~ and metabolic control disturbances become more 

evident In addition , aging itself is detrimental to the vessel wa ll integrity. AI! these 

factors contribute to the acce leration of diabetic complications including 

microangiopathies (Naj·ib. 1999). III one st ud y. elderly subjects with impaired gl ucose 
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tolerance (IGT) were ShOWl1 to 1I ,.vc already Increased levels of several endothelln­

dependant hacmo:;tat ic f.1cloh IIldl~ntl!lg endothelial damage In thl') group aile of 

these fac tors was founil to ot! restr rl.:leu lo II1Jcrovusculature only (Leurs et al. 2001). 

III the present study maXIIUUIll number of patrents were above the age of 50 years 

Distribution of retinopathy. nephropathy ,tnd neu ropathy among different age groups 

111 thIS study has shown the above trend positively 

Diabetic nephropathy and neuropathy both occur more frequently in older 

pa llents with type 2 DM . In nephrop:Hhy, o,icroalbuminuria is the first indication 

followed by clinical proteinllfia. Diabetic neuropathy causes paresthes ias, tingl ing, 

burning and diminished pai n sensation in the feel. This predisposes the patient to 

injury, ulcera tion, infection, gangrt:llt.:: and amputation ifsigniticant peripheral vascular 

insuffic iency is present. In slIch pallents, diabetic prol ifera ti ve retinopathy is a leading 

calise of blindness, which cao be detected by regular ophthalmoscop ical examinations 

and is treated with Laser photocoagu lation (Rosenstock and 1tl1io. 2001). In the 

present study, mean ,Ige va lues Wl!fC hIgher til patients with the compl ications under 

discussion as compared to those 1I0t having them showing a positive IIHeNellltion 

between increasing age and microvascular complications. These fi ndi ngs replicate the 

resu Its of Rosenstock and J ul lQ (2001). 

It is an established I"hct that old age al so pred isposes to the development of 

lens opacities. Therefore delcnOl'aling vIs ion in aging patient associated with lens 

opacities 011 one hand and retinopathy on other, may be a factor to init iate (l vicious 

cycle leading to poor metabolic control and predisposition to development of 
• 

complications. TI.lis is due to the l~c t that good vision is essent ially req uired for self­

care such as se lf-adm inistration of tIlsul in injections or other med icines and foot care 

duri ng walking. 

HYPERTENSION 

Hypertension IS a cQ-llIorb id condItion ill diabetic patients. For example, 

hypertensIOn affects 20-60% pnt lC'rltS WIth drnbetes depending upon age, obes ity and 
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ethnlclty. It substantially JIlcre:)scs the ri sk of both macrovascular and mi l:fovascular 

complicatIOns (ADA. 2002) 

In Pakistan , 25% people Wlfh dI abetes have hypertension as compared to 

10% in non-diabetic coullterparts (DiabetIc Association of Pakistan, 2000). In contrast, 

the .figures of hypertension arc ve ry hi gh (53 .5%) in the present sttldy. The main 

reason for this discrepancy could possibly be inadequate representation or the general 

diabetic pool because only hospllalized patients have been studied here who are 

usually more ill having greater chance of associated conditions. Lower levels of blood 

pressure taken for diagnosis of hypertension cou ld be another reason. Instead of 

standard definiti on of more than 1·10/90 I11Ill Hg, hypertension was defined as blood 

rressure levels o/' > 130/80 mill JIg The primary intention is to increase the level of 

awareness about the concept of blood pressure levels because it has been proved by 

severn I studies that bringing 131' levels [0 below 130/80 mOl Hg leads to a fall in the 

Incidence of complications (Carlos l! ( ttl, 2002). In the present study. the results of 

interact ion between hypertens ion and nHc rovasclll~r complications have revealed that 

the presence of high blood press ure has signin cantly Ulcreased the likelihood of all the 

th ree complications. This indicalton fo llows the findings of United Kingdom 

Prospective Diabetic Study Group. who !Il one of their major studies published III 

1998, has shown that hypertensioll IS art Independent risk factor for the development 

of microalbumilluria and retlllop:llhy (UKPDS, 1998). This study also showed that 

long-term blood pressure control In hypertensive patients with diabetes results in 

significant reduction in all diabetes related end points including microvascular and 

cardiovascu lar complications. 

Combination of high blood gluwse levels and high blood pressure in type 2 

OM has been referred to flS "double jeopardy" and the lates t strategy is to combi ne 

stri ct glucose and blood pressure control to optim ize the patient outcomes (Mogensen 

CEo 1998). From the present study it appe,lrs that hypertension is a common co­

morbidity in this population and Ileeds to be diagnosed and managed promptly and 

f1dcquately 
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rvtACROANG10PATHrES 

M:lcrnnnglOpatlll cs In IIIf' fnnll o f cOlon~ry <lrtcry disease. cerebrovascular 

disease and peri phernl vasclllllr (ilscas(' arc other extremely co·morbld conditions in 

diabetic patients. Macroanglopatlllcs have occurred in this study relatively 

Infrequently. However, the figures rega rding cerebrovascular and coronary artery 

dIseases cannot be regarded as Ihl: actual representative of the above fact because 

pa ti ents with these condi tions arc not usua lly ad mitted to Endocrinology unit where 

this study was conducted. These palierHs are usua lly referred to medical or ca rdiology 

units for ma nagement of their primary events. On the 'other ha nd , foot wou nds and 

ulcers were a common cause or presenta tion fo r hosp ital admission (Plate 3). 

Syndrome of "diabetic foot" 15 uSlI :l lly due to combination of severa l factors incl uding 

neuropathy, s luggish circulation anu infection . Improper footwear and un hygienic 

behavior towards fecI (Plate 4) (\Irtiler add to the problem. This condition which at 

times poses an annoying health prob lem, IS very difficult to treat and requires an 

organi zed therapeutic approach Hlvolvtng bacteriological and radiological 

investigations, surgical debridcments, :Ippropriate antibiotic cover and good nursing 

care III additIon to optimum gJYCClilIC control. The slight preponderance of females 

over males in cas"e ofmacroa lig lopat hl L:s IS III agreemelll witJ\ othel' sl udies, in which 

relation and absolute excess of carulovascular morta li ty was greater In women than in 

men particularly for type I DM sugges tlllg that diabetes is a more important risk factor 

In women than men as far as macrovascular compl ications are concerned (Roper el ai, 

2002). In contrast, observation In l"a::;e of Illicroangiopatities showed that a lthough the 

total number offemale diabetic patients was grea ter than their male counterparts, there 

was a proportionate occurrence of ~omplication$ among both sexes " 

ROLE O F MET ABO LlC CONT RO L 

Chronic hyperglycem ia , which is the ha llmark of diabetes mell itus, is th e 

1l1l1i n contributor to the develo])llll!nt of" mIcrovascular complications. Diabetes is an 

incura ble disease and the chunges II produces in sma II blood vessels are not reversible. 

Ilowever, 11 is now an established !het tl1:11 upto 60% of the complicat ions can be 

preven ted or delayed by keepIng hlood g lucose levels close 10 normal (DCCT. 1993 



!\lld IJKPDS, 1998) Ohkubo 1.'1 fll (1995), In Kumamoto Study, randomized 110 

p~t1ents to Intensive or conventmn;ll II1SIIIIO treatment and monitored them for 6 years 

The study prnvcd that Illtells1\·cly IIC:lh:d group had less retinopathy (13% Vs 38%), 

nephropathy (10% Vs 30%) and llcuropathy (12% Vs 65%), the results again being 

sl1ni lar to DCCT Similarly, in the feasIbi lity trial of Veteran Americans cooperative 

study, Abraira eI al (1 995 ) aftel 27 l\1onths rollow up of 153 men with type2 diabetes, 

showed that in the standard therapy group, the urinary albumin excretion rose 

s ig l~ificantly (from 14 to IS8 mgJ willie no significant difference occurred in the 

Intensive group. However lhere was no significant difference for retinopathy. 

Diabetes is an under-diagnosed :lnd under-recorded cause of death In Pakistan 

only 36,)% of diabetics are aware of' their co ndition (PMRC, 1994), Diabetes is an 

under-treated disease too since it \VIIS observed during the course of th is study that a 

la rge number of pati ents had very poor melabolic control (mean blood glucose 

=33 1 ± III) often with inadequate treatment No patient could be contro lled with diot 

alone. Even mosl of the type 2 d labl.:t ic p:HH.:nts required insulin for the control of their 

badly managed blood gl ucose NOli-compliance to anti -diabet ic trea tment was uSliully 

a co mmon finding, It was reali zed Ihat poor soclo-economic conditions did not allow 
• 

many patients to fulfil the cost of LhelT medicines, Ano ther reason of poor metabolic 

control is beheved to be the rrequent changing of consu Itlllg doctors and even 

resorting to the use ortmdltlollnl "hakeemi" medicines 

Endothelial dysfi.mctloll IS one of the several abnormalities which are 

commonly assoculted and inter-hnked in diabetic patients (Tooke, 19( 6). In one study, 

the endothelial dysfunction caUSll1g microvascular complications was fo und well 

correlated with metabolic control along with other factors such as hypertension, 

obesity, age. sex, posit ive fami ly history, hyperlipidemia, treatment modal ilies and 

smoking (Ak e l aI, 2001). Simil:lI!y, rctfospecl ive studies have shown that patients 

with poor glycemic contro l tend to deve lop neuropathy at an earlier age and are more 

severely arrected thanlhose wllh bl., lt er glycemic control (Rehman and Akhtar, 1999). 

fI may be inferred trom these observations Ihat as ide from control of blood preSSlIre, 



lipids and obesity. currently the only cllcl:l!ve way 10 prevent and/or delay th e 

dl!vclopmcnt and progression of relillopalhy, nephropathy and neuropathy remaUlS 10 be 

the achlcvem t:nl of blood glucose Jeve ls 11S c lose to nonnal values us possib le. 

RENAL FUNCTION AND MORPHOLOGY 

As the severity of nephropath y progresses with Illcreas ing duration of diabetes 

and manifests itselfas clinical proteinuria (>500 mg/24 hl'), urea and creati nine levels in 

the blood begin to rise until the renal run ctions become compromised (Table 2). 

Impaired renal function as determ ined by rising serum creatinine and urea levels in 

diabetic patients is a late feature , although the rate of progression varies widely between 

ind ividuals (Kumar and Clark, 1994). Since the mean diabetes duration was not longer 

enough (S.S±S.6 years), renal function was not affected to a considerable extent in most 

of the patients examined during this study. Alth ough mean senllll creatinine and urea 

leve ls were higher in patients having nephropathy as compared to those in non­

nephropathic patients (0.94 vs 0.73 mg/dl and 38.7 vs 29.9 mg/dl res pectively), yetthey 

rema ined within normallimils. End-stage ren nl fai lu re occurred in only one patient. 

Renal s ize os assessed by ultrasonic examlnillion in a subgroup 01'43 patients 

with nephropathy, was shown to ha ve increased only H1 two patients. This finding is 

usually seen in initial stages of nephropathy No patient showed a decrease in renal size, 

which is usua lly a feature of final stages. Thus the ro le of ultrasonography in 

assessment of nephropathy was not evident. 

The primary aim of thi s study was to determine prevalence of chronic 

compli cat ions in dirlbet ic patients and !f there occurred a correlation between these 

complications and demographic aspects like age, sex, BMI , duration since diagnosis and 

hypertens ion. Such an informat ion may prove a useful tool in application to the 

management and prevention programs of the aforementioned diabetic complications. 

Condusions and Recommendations 

In conclusion , the stlHJy show!> that considerably hig h proportion ofd iabeti c 

paliems develop complIcatIons ITI one forlll or other and in different combinati ons 
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before they consult the tertiary ca l C! hOSpital purthermore, Increasing age, BMl and 

(hnhetes clU!!Itl on were all FO ll nn pO'illlvdy related to the development and progression 

rlrlllcl"Ovascul:u cOlllpJicHUOllS as was Iligh blood pressure. These results may be well 

IIHerpreted 10 perspective of the repons oj' King. ef at (1998) on prevalence. numencal 

estimates and projection of diabetes mellitus. which have supported the prediction of 

its epidemic nature during the first C]uarter of 21 .1 century, Intense realization is 

therefore emerging about the (hcl Ihal worldwide surveillance of diabetes and its 

complications is needed towards their prevention and contro l. Education. guidance and 

counseling to the patients may hel p reducing the occurrence of diabetic complications. 

Examples of at least three patients f'rolllthc present study can be quoted in th is regard. 

Fi rst, a doctor himself; second. H ductor 's wife and third, my own mother; all of them 

had type 2 diabetes for more than 15 years and yet they had no evidence of any 

complication. 

This stlldy represents a relatively smaller grO\lp of diabetic patients the 

p:lrtlcipanrs having been uxtlnrirH:d ut tertiary care hospit:t!, which is usually a less 

accessib le facility for general population As mnny dlabelic patients consult general 

prnctillOners at pTll11ary ca re level more stu{hes are required to be launched at th!li 

level. This will not' on ly ensure a better knowledge and understanding about the 

magnitude of problems sustained by dmbetic putients but also pave way for prevention 

and management protocols for di"betes mellitus and ensuing complications. The most 

important aspect of these protocols involve education of doctors and para-medical 

slaff al primary leve l who will III ]urn edLl~ate the pat ients on one hand and ensure 

early identification and referral of high fisk patients on other. 

There is a need to realrze that a higher rate of microvnseular complications 

prevails in our diabetic populal lon. As II IS almost impossible to revert these 

complications once they appenr, 111 (: only treatment is to prevent them. Achievement of 

optimum glycemic control remains the only effect ive way to prevent or de lay the 

development of these compli(;Ulions or slow their progression. Natural histol)' of 

diabetes shows that it is much ens Ie I' 10 control it ifdetected in early stages. 



PLA TEl : RETINAL IMAGES AT DIFFERENT STAGES OF 
DIABETIC RETINOPATHY 

BDR= Background Diabetic Retinopathy 
PPDR= Pre-proliferative Diabetic Retinopathy 
PDR= Proliferative Diabetic Retinopathy 
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PLATE 2: A PATIENT WITH DIABETIC NEPHROPATHY IIA VING PUFFY 
FACE AND SWOLLEN R I G~IT LEG. H IS LEFT LEG WAS AMPUTATED. 
LATER, THE PATIENT DIED OF END-STAGE RENAL DISEASE (ESRD). 
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PLATE 3: DIABETIC NEUROI'ATllYWITH PLANTER FOOT ULCERS. A 
PREVIOUSLY AMPUTATED TOE IS ALSO NOTED. 
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