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Coronary Artery Disease, Microalbuminuria and Lipid Profile
in Patients with Non-Insulin Dependent Diabetes Mellitus

Luciana Bahia, Marilia B. Gomes, Pedro di Marco da Cruz, Maria de Fatima Gongalves

Rio de Janeiro, RJ - Brazil

Purpose — 1o determine the frequency of coronary
artery disease, microalbuminuria and the relation to lipid
profile disorders, blood pressure and clinical and
metabolic features.

Methods — Fifty-five type 2 diabetic patients (32

females, 23 males), aged 59.9+9 years and with known

diabetes duration of 1 1£7.3 years were studied. Coronary

artery disease (CAD) was defined as a positive history of
myocardial infarction, typical angina, myocardial
revascularization or a positive stress testing. Microalbu-

minuria was defined when two out of three overnight uri-

ne samples had a urinary albumin excretion ranging 20 -

200ug/min.

Results — CAD was present in 24 patients (43,6%).
High blood pressure (HBP) present in 32 patients (58.2%)
andwas more frequent in CAD group (p=0.05) HBP. Increa-
sed the risk of CAD 3.7 times (CI[1.14-12]). Microalbumi-
nuria was present in 25 patients (45.5%) and tended to
associate with higher systolic blood pressure (SBP) (p =
0.06), presence of hypertension (p = 0.06) and know diabe-
tes duration (p = 0.08). In the stepwise multiple logistic
regression the systolic blood pressure was the only variable
that influenced UAE (r =0.39,r>=0.14, p = 0.01). The hy-
pertensive patients had higher cholesterol levels (p = 0.04).

Conclusion — In our sample the frequency of micro-
albuminuria, hypertension, hypercholesterolemia and
CHD was high. Since diabetes is an independent risk
factor for cardiovascular disease, the association of others
risk factors suggest the need for an intensive therapeutic
intervention in primary and in secundary prevention.
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Diabetes mellitusis an important factor associated
withincreased cardiovascular morbidity and mortality, due
to coronary artery disease (CAD), stroke and peripheral
vascular disease. Age adjusted coronary artery disease
prevalence in diabetic patients, in the United States, is
between 30 and 51%; periphera vascular diseaseand stroke
prevalencesare9and 10%, respectively *. Recently, astudy
inBrazil reported a2.3 greater in-hospital mortality ratein
diabetic compared with nondiabetic patients, and themain
cause of death was cardiovascular disease?.

Today, it isrecognized that the presence of microal-
buminuria, in additionto beingamarker of incipient renal
disease in diabetic patients, seemsto be also a marker of
large vessel disease, and is associated with an increased
cardiovascular diseasemortality, especially coronary heart
disease *®. Thisincreased mortality is due, in part, to a
greater prevalenceof other risk factorsin patientswith mi-
croalbuminuria, such aslipid disorders, hypertension (H),
increased fibrinogen level sand blood rheol ogy changes®”.
Recent studies from the World Health Organization de-
monstrated that the presence of proteinuria; intype2 diabe-
tic patients (DM2), increased therisk of cardiovascular
death 3to 4 times, independent of other risk factorsg,

The presence of microalbuminuria possibly reflects
the process of generalized vascular damage, affecting
simultaneoudly glomeruli, theretinaand theintimal layer of
large vessels. This has been demonstrated by studies of
markers of endothelial dysfunction and measurements of
transcapillary proteinleakage®°.

Some studies suggested a common genetic predis-
positionfor microalbuminuriaandtheearly atherosclerotic
processin diabetic patients. Otherssuggested that glome-
rular mesangeal cellsand arteria smoothmusclecells, being
both of mesenchimal origin, would suffer thesame changes
inresponseto thedifferent metabolic abnormalitiesobser-
vedinthesepatients, such asfunctiona extracellular matrix
changeswith the conseguent mesangial and medial proli-
feration, endothelial dysfunction and protein leakage®.

The present study aimed to analyze the association
between coronary artery disease, incipient diabetic renal
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disease and lipid and blood pressure parametersin a
group of patientswith NIDDM regularly treated at the
diabetes outpatient facility of the Hospital Universitario
Pedro Ernesto.

Methods

Fifty-five patientswith NIDDM were studied (32
women and 23 men, mean age 59.9+9years). Their mean
known duration of the disease was 11+7.3 years, 7 were
smokers and 48 were nonsmokers. They wereregularly
seen at the diabetes outpatient center. Patients with sys-
temicinfections, heart failureand renal failurewereexclu-
ded (by the presence of hematuria, abnormal sediment or
plasmacresatinine>1.5mg/dL without proteinuria).

Forty patients used insulin aone or in combination
with oral hypoglycemic agents and 15 used only oral
antidiabetic drugs. Patientsreceived writteninstructionsto
collect three nocturnal urine samplesin amaximum six
monthinterval, maintaining the samediet prescribed (55/
60% carbohydrates, 25/30% lipids and 15/20% proteins)
and activity level in the period. After a 12-hour fast, two
venousblood sampleswerecollected, on different days, for
the analysis of the following variables: total cholesterol
(referencevalue (RV) <220mg/dL); triglycerides(RV: 40/
160mg/dL) and HDL -cholegterol (RV: 35/55mg/dL ), glucose
(RV: 70/110mg/dL) and glycated hemoglobin (HbA1c) (RV:
4.5/6.2%). Theratioscholesterol/HDL and LDL/HDL were
calculated. LDL wascalculated according to Friedwald's
formula®. Lipid profile was classified according to the
American Diabetes Association criteria'®. Recommended
values were: cholesterol <200mg/dL, LDL-cholesterol
<130mg/dL, triglycerides<200mg/dL and HDL-cholesterol
>35mg/dL. The presented results are the average of the
valuesof thetwo samples.

Body massindex (BMI) wascal culated by dividingthe
weight (kg) by thesquare of theheight (m?). Patientswere
considered overweight when BM I was>25kg/m2and obese
when BM| was >30kg/m?, following the World Heath
Organizationcriteria®.

Toevaluatetheglycemic control of thepatientsHbA 1c
levels and an index described by Chase (HbA1c/6.2 —
maximum normal limit) were used *®. Values<1.33 were
considered good glycemic control; values1.33to 1.5, average
control; and values>1.5wereconsidered poor control.

The measurements were obtained through colori-
metric reactions, read on Cobras-Mira Roche equipment.
HbA 1c was assessed by high-resolution liquid chroma-
tography, using L-9100 Merck Hitachi equipment. Glucose
was determined by the glucose-oxidase method. Albumin
urinary excretion (AUE) was determined by radioimmu-
noassay (DPC-Los Angeles - sengitivity of 0.3pg/mL), in
nocturnal urinesamples, collectedin preservative-freevials.
Urine samples had to be sterile and were centrifuged and
frozen at -20°C (for lessthan 2 months). Intra-assay and
inter-assay variation coefficients were respectively, 2.7%
and 3.5%. Microalbuminuria (micro) was considered
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present whentherewereat least 2 of 3 sampleswithvalues
between 20pg/minand 200pug/min.

Blood pressure was determined in a supine patient
after ab-minuterest, using standardized mercury sphygmo-
manometers. Diastolic blood pressure (DP) value was
considered when Korotkoff sounds stopped (phase 5).
Three measurementswere made by the same observer and
average values were recorded. Hypertension was defined
by values greater than 140mmHg systolic and/or PD
>90mmHg * or in patientswith aprior diagnosisof hyper-
tension when in the use of antihypertensive medications.
The antihypertensive medi cation was not modified in any
patient during urinesamplecollection.

Forty-three patientsunderwent atreadmill stresstest,
using theBruceprotocol, the Quinton treadmill (model Q55)
and acomputerized real time stress ECG analysis system
(Micromedv.2.1). Medicationsthat could interferewith test
results were withdrawn 48hs prior to the test. Clinical
hemodynamic and el ectrocardiographic criteriafor effort-
induced ischemiawerethoseof the Brazilian Consensuson
Ergometry and Rehabilitation®.

Statistical analyseswere performed using the Mann-
Whitney test for two independent sampleswith abnormal
distribution and Student’ s¢ test for the comparison of two
independent sampleswith normal distribution. Chi-square
test withthe Yatescorrectionwasused for categorical varia-
bles. For the stepwise logistic regression the abnormally
distributed variableunderwent alogarithmictransformation.
Dataare presented asmean + standard deviation or median
(minimum-maximum) and p<0.05wascons dered significant.
SPSS(version 6.0) and Epi Info (version 6.0) programswere
used. Frequenciesare presented al ong with confidencein-
tervas(Cl).

Results

Patients' clinical characteristicsareshownintablel.
Of 55 studied patients, 25 [45.5%, CI (32.9-59.5)] had
microa buminuriaand 30[54.5%, Cl (40.6-67.8)] hadnormal
albuminuria. UAE valueswere, respectively, 32.2 (17.5-
108.7) vs 9.6 (1.6-20.6) pg/min. Patients with microal-
buminuriahad atrend toward higher SBP (152+18.7 vs
142.7+16.9mmHg, p=0.06), for agreater prevaenceof hyper-
tension (72%vs46.7%, p=0.06) andfor greater known dura-
tion of thedisease (12.4+6.6 vs9.7+7.7 years, p=0.08) than
patientswith normal abuminexcretion. Other studiedvaria:
bleswerenot statistically different (tab. 11). Stepwiseregres-
sionanaysisindicated that theonly variableassociated with
UAEwassystolicblood pressure(r=0.39, r=0.14, p=0.01).

Hypertension was present in 32 patients[58.2%, Cl
(44.1-71)], and 30 patientswereon medication (93.7%). The
most used drugs were: angiotensin-converting enzyme
inhibitors (14 patients), aloneor in association, and calcium
channel blockers, isolated or in association (16). Average
systolicblood pressurewas146.9+18.2mmHgand diastolic
blood pressurewas 85.1+9.4mmHg. Despitetreatment, 19
(59.4%) patients had systolic 3 140mmHg and diastolic
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Table I - Clinical characteristics of patients with NIDDM

Variables

Number of patients 55
Gender (female/male) 32/23
Age (years) 59.9+9
Duration of diabetes (years) 11+7.3
Race (white/non-white) 29/26
BMI (kg/n?) 28.7+5
Smoking (yes/no) 7148
Type of treatment 40/15

(insulinfOHA)

NIDDM - non-insulin-dependent diabetes mellitus; BMI - body mass
index; OAH - ora hypoglycemic agents.

>90mmHg. The UAE was significantly higher in hyper-
tensivepatients(26.8[3.7-108.7] vs 14.2 (1.6-42), p=0.003).
Sixteen (29.1%) patients had a history of previous
coronary heart disease (myocardial infarction, coronary
angioplasty or typical angina), 13 received medication, 10
with calcium channel blockersand 3 with nitrates. Stress
tests were obtained from 43 patients. Stresstestsin 10
(23.3%) patients were considered positive; 2 of these
patients had a prior history of CAD. The frequency of
coronary artery involvement in patientswith aprior history
of CAD and those with ischemic stresstest results was
43.6%[n=24Cl (30.5-57.6)]. Patientswith CAD had ahigher
frequency of hypertension (75% vs 45.2%, p=0.05), and
systolic blood pressure was higher in patients with
coronary heart disease (152.6+17.6 vs 1426+17.7mmHg,
p=0.03). Hypertensionwasarisk factor for CAD (relative
risk of 3.7[IC(1.14-12), p=0.02]. Therewasno association
between laboratory dataand coronary disease (tab. I11).
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Mean lipid levelsin the total diabetic group were:
cholesterol 230.4+8.2mg/dL, triglycerides152.5+86.2mg/dL ,
HDL-cholesterol 53.2+19.1mg/dL, LDL 146.7+46mg/dL,
cholesterol/HDL 4.9+2 (females4.6+1.9/males5.2+2) and
LDL/HDL 3.2+1.6(women2.9+1.5/men3.5+1.7) (tab. 1).38
patients(69.1%, Cl [55-80.5]) had cholesterol >200mg/dL ; 11
[20%, CI (10.8-33.4)] triglycerides>200mg/dL ; 9;[16.4%, Cl
(8.2-29.3)] hadHDL <35mg/dL and 35;[63.6%, Cl (50.3-75.5)]
LDL >130mg/dL . Hypertensive patientshad higher choles-
terol levelscompared with normotensive patients(240.8 £
51.6vs215.9+36.7mg/dL, p=0.04). Womenhad higher HDL -
cholesterol levelsthanmendid (56.4+17.4mg/dL vs48.7 +
20.9mg/dL, p=0.02).

Withregardsto glycemic control, 21 (38.2%) patients
had good control, 11 (20%) had average control and 23
(41.8%0) had poor control. Patientswith cholesterol >200mg/
dL had atendency toward worsemetabolic control (p=0.05).
Differencesin other parameterswere not observed.

Obesity was observed in 29% of the patients (n=16)
and overweightin52.7% (n=19), atotal of 81.8% of thesam-
pleaboveidea weight. These patients had higher choles-
terol (236.7+49.3 vs 202.1+30.5, p=0.02), triglycerides
(163.2+91vs104.2+30.7,=0.01), LDL (153.8+45.7vs114.6 +
32.4, p=0.008), diastolic blood pressure (86.3+9.2 vs
79.8+9,p=0.05) andlower HDL levels(50.2+16.1vs66.6+26,
p=0.05). Weobserved agreater prevalenceof hypertension
inoverweight patients(64.4%vs30%, p=0.04). Thepresen-
ceof CAD wassimilar in obeseand nonobese patients.

Discussion

The present study is atransverse cohort study of a

Table II - Clinical and laboratorial variables in patients with microalbuminuria and normal albumin excretion
Varibles Micro Normal albumin excretion P
Number 25 30
UAE (pg/min) 32.2 (17.5-108.7) 9.6 (1.6-20.6)
Age (years) 59.8+7.6 59.9+10.1 087
Duragéo do diabetes (anos) 12.4+6.6 9.7+£7.7 0.08
Smoking (yes/no) 4/21 3/27 0.48
BMI (kg/m?) 29.8+5.5 27.8+4.3 0.17
SBP (mmHg) 152+18.7 142,7+16,9 0.06
DBP (mmHg) 86.1+9.2 84.3+9.7 0.53
Hypertension (yes/no) 18/7 14/16 0.06
Family history of hypertension (yes/no) 15/10 12/18 0.22
CAD (yes/no) 13/12 11/19 0.18
Family history of CAD (yes/no) 7118 13/ 17 0.37
Glucose (mg/dL) 225+80.4 208172 0.45
Glycosylated hemoglobin (%) 9.0+£2.2 8.4+1.95 0.39
Metabolic control ratio 1.45+0.36 1.35+0.31 0.29
Cholesterol (mg/dL) 259.9+59.4 219+37.4 0.15
HDL (mg/dL) 54.6+20.8 52+17.9 0.75
LDLc (mg/dL) 136.7+35.8 155+52 0.14
Triglycerides(mg/dl) 138.4+67.7 164.2+98.7 0.26
LDLc/HDL ratio 2.8+1.1 3.4£1.8 0.41
Cholesterol/HDL ratio 4.4+1.4 52423 0.46
Data are presented in mean + SD or average (minimmum-maximum). UAE - urinary abumin excretion; BMI - body mass index; CAD - coronary artery disease; SBP
- systolic blood pressure; DBP - diastolic blood pressure.
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Table III - Clinical and laboratorial variables in patients with or without coronary artery disease
Variables Positive coronary artery disease Negative coronary artery disease P
Number 24 31
Gender (female/male) 11/13 20/11 0.16
Age (years) 61.2+10.2 58.7+7.8 0.1
Diabetes duration (years) 12.5+7.3 9.72+7.2 0.16
Glycated hemoglobin (%) 8.6+1.6 8.7+2.4 0.93
Metabolic control index 1.4+0.25 1.4+0.4 0.93
Cholesterol 230+44 230.7451.8 0.98
Triglycerides 163.4+103.2 144+70.9 0.52
HDL (mg/dL) 50+17.8 55.6+20 0.18
LDLc (mg/dL) 147.3+40.2 146.3+50.6 0.62
UAE (pg/min) 18.6 (3.7-108.7) 14.1 (1.6-85) 0.12
SBP 152.6+17.6 142.6£17.7 0.03
DBP 86.7+9.7 83.9+9.2 0.26
HBP—n (%) 18 (75) 14 (45.2) 0.05
Obesity — n (%) 20 (83.3) 25 (80.6%) 0.80
Data are presented in mean = SD or average (minimmum-maximum). UAE - urinary albumin excretion; BMI - body mass index; CAD - coronary artery disease; SBP
- systolic blood pressure; DBP - diastolic blood pressure.

populationwith NIDDM treated at aUniversity Hospital, a
reference center for the State of Rio de Janeiro.

Transverse cohort and longitudinal studies have
demonstrated that microal buminuriaisapredictor of large
vessel disease®®. Itsprevalencevariesin patientswith dia-
betesfrom 7.6t042% &0, Many factorscontributetothis:
race, diabetesduration, microalbuminuriacriteriaand size
and design of the studies. Similar to the present study,
several other reportsin the literature associate microal -
buminuriawith systolic blood pressure’ 2!, The associa
tion with diastolic blood pressureislessevident. It is
important to emphasizethat the association isal so descri-
bed in nondiabeti c popul ations, suggesting the presence of
arelationwith thehighinsulinresistancesyndrome®. The
association with the duration of diabetesis also contro-
versial, with studies showing microa buminuriain recently
diagnosed patients 2. This could be explained by the fact
that inmost patientswith NIDDM theactual duration of the
diabetesisunclear. Thefreguency of microalbuminuriain
our group was 45.5%, with atendency for increased sys-
tolic blood pressure, duration of the diabetes and hyper-
tension In the stepwise multiple regression analysis,
systolic blood pressure was the only variable that signifi-
cantly influenced the rate of UAE. We did not observea
relation between HbA 1cand microal buminuria, sometimes
reported 2% or not*# intheliterature. Possibly, transverse
cohort studies, such asours, are lesslikely to reveal the
influence of glycemic control on the development of
microa buminuria.

Confirming other reportsintheliterature, thefrequen-
cy of hypertension in our sample was 58.2%, being more
common in patients with microalbuminuria'®#2 and
overweight 2. Weobserved that 19 (59.4%) treated patients;
till had blood pressurelevelsover 140/90mmHg, in spiteof
the fact that 43% of them had already been using two or
more antihypertensive drugs, demonstrating inadequate
pressoric control, according to the level s suggested by the
American Diabetes Association and the Joint National
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Committee . Thisinformation isrelevant because, in a
recent multi center study, diabetic patientswho maintained
diastolic blood pressure<80mmHg had lower mortdity and
cardiovascular events ®. The high prevalence of hyper-
tension among patientswith normal UAE suggests, possi-
bly, the presence of essential hypertension not related to
incipient diabeticor clinical renal disease. Thisisnot obser-
ved on type 1 diabetic patients who present hypertension
in advanced phasesor clinical renal disease®.

The presence of diabetesincreasestherisk of CAD
two-tofour-foldincomparisonwiththeriskinthegenera
population. There are, however, large differencesin the
prevalenceof risk for CAD among different countries. This
waseval uated inamulticenter study onvascular diseasein
diabetic pati ents sponsored by theWorld Health Organi za-
tion, which followed 4,714 patientsfor 10 years studying
causes of death and risk factors®. Therewasalargevaria-
tioninthe prevalence of CAD and, despite that these pa-
tientshad agreater frequency of hypertensionandlipid di-
sorders, the main independent risk factor for coronary
disease was the presence of proteinuria. Other transverse
population studiesin diabetic patients demonstrated that
cardiovascular risk dependson race. Thus, American Pima
Indiansand Japanese have alower risk than the American
white popul ation®, suggesting genetic and environmental
differencesintheprevalenceof CAD. Theclassical results
reported in the Framingham study suggest that the presen-
ceof risk factorsadversely affectsthe devel opment of ma-
crovascular disease both in nondiabetic and NIDDM pa-
tients*®. Inour group, CAD frequency was43.6%, smilarto
the 40 to 50% *3* reported in the literature. We observed
that therewasagreater preval ence of hypertensioninthese
patients, witharisk ratio of 3.7 for coronary disease, confir-
ming prior reportsintheliterature. Thisisimportant because
cardiac mortality among diabetic patientsincreasesthree-
fold when there is associated hypertension®. Severa stu-
diesdemonstrated the association of CA D with microal bu-
minuria 3571011 which was not observed in our sample.
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Althoughwe cannot excludeatype2 error, duetothesize of
thesample, other reportsintheliteraturestressthat CAD is
associated mainly with macroal buminuriaand not micro-
albuminuria?*%3335, Possibly, thisdivergencewiththelite-
rature, excluding datainherent to the studied population, is
dueto different methods and criteriafor coronary disease
and mi croal buminuriadiagnoses.

Inthelipid analysiswedid not usethecriteriarecom-
mended by the Brazilian Consensuson Lipid Disorders®,
sincethosecriteriawerenot based onthe Brazilian diabetic
population. Inour group the prevalence of hypertriglyceri-
demiaandlow HDL levelswassimilar tothat reportedinthe
literature *"3, Frequency of hypertriglyceridemia seems
larger inrecently diagnosed patients and during phases of
acute decompensation. We observed a high prevalence of
hypercholesterolemiaand increased LDL levels. Some
factorscan explainthisfinding, such asincreased ageof the
study population (some studies demonstrated that LDL
levelsincreasewith ageafter 50/55 yearsinmenand 60/65in
women+3, increased consumption of saturated fat and
cholesteral inthediet, whichwasnot assessed in our study,
and the presence of geneticlipid disorders. If we adopt the
recommendation of LDL <100mg/dL, as proposed for
patientswith macrovascular disease, 90.9% of our sample
would be characterized as having dyslipidemia (n=50),
which would call for an intense secondary prevention
effort. Patientswith hypercholesterolemiahad atendency
for worse glycemic control. A similar finding was not
observed in patients with hypertriglyceridemia possibly
because only 11 (20%) patientshad thislipid disorder. We
believe that the influence of glycemic control on lipids
should beanalyzedinlarge prospective studies, especialy
withtheallocation of patientstointensiveand conventional
treatment groups. A study observing this design did not
demonstrateinfluence of the glycemic control ondifferent
lipid parametersafter a30-month follow-up of patientswith
NIDDM*, Datafrom alongitudinal study in the United
Kingdom (UK PDS) have providedinformationwith respect
to therel ation between these events. However, itisimpor-
tant to emphasize that glycemic control can influence
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specific phases of the metabolism of lipids, such asthe
reversetransport of cholesterol. Recently, it wasdemonstra:
ted that the glycation of HDL, especially the subfraction
HDL ,, favorsafaster and moreefficient transfer of choleste-
rol from thisfraction to apoprotein B-containing lipopro-
teins™. We did not observe an association between lipid
disordersand CAD, asdescribed in studies with diabetic
and nondiabetic patients 394243, Possibly isolated lipid
determinations are not enough to detect the association of
these events. This finding was observed in studiesin
populationsfrom Europe and Brazilian private practices®,
which included diabetic patients and used diagnostic
criteriafor CAD and lipid disorderssimilar to those of our
study. Weknow, today, that there are several other factors,
genetic and nongenetic, that can influence the basic pro-
cessof thedisease, i.e. atherosclerosis, such astheapolipo-
protein B and paraoxanases genetic polymorphism#, the
presenceof lipoprotein (a) ¥, increased oxidized LDL andits
affinity to proteoglycans of theintimal layer of the vessel
wall %, Thesefactors could trigger different responsesin
theendothelium that woul d favor the devel opment of athe-
rosclerotic plague.

We concludethat patientswith NIDDM, treatedina
tertiary care center, had ahigh preva enceof incipient renal
disease, hypertension, hyperchol esterolemiaand coronary
disease. Hypertension was associated with CAD and
systalic blood pressure with microal buminuria. However,
thesefactorscould only be considered risk factorsinalon-
gitudinal study. Since diabetesis an independent cardio-
vascular risk factor, the frequent aggregation of other risk
factorsincreases considerably the morbidity and mortality
of diabetic patients, emphasizing the importance of the
adoption of aggressive therapeutic measurestoward gly-
cemic, lipid and pressure control during primary and
secondary prevention.
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