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Summary
Microalbuminuria has emerged as an important risk factor of considerable
prognostic importance for cardiovascular events. Little is known about its
impact on the angiographic profile among coronary artery disease patients.
The primary aim of the study was to investigate the relationship of
microalbuminuria and angiographic severity of coronary artery disease. This
was a cross-sectional study conducted in NICVD, a tertiary-care cardiac center
in Dhaka, Bangladesh. For this purpose, 72 patients aged 25 to 70 years, who
underwent elective coronary angiogram were studied. Urinary albumin to
creatinine ratio was used as a measure of microalbuminuria. Angiographic
severity of coronary artery disease was measured by number of major vessels
involved (vessel score), stenosis score, extent score and number of type Band
C lesions. All parameters of angiographic severity were significantly higher
in microalbuminuric patients. Spearman's rank correlation coefficient showed
significant positive correlation between albumin to creatinine ratio and
different parameters of angiographic severity. In multivariate logistic
regression analysis odds ratio of having triple vessel coronary artery disease
in microalbuminuric

patients was 5.6 (95% CI, 1.4

-

22). Microalbuminuria

was found to correlate positively and independently with angiographic severity
of coronary artery disease.

Introduction

aged individuals who do not have diabetes

I J>.7.

A growing number of prospective studies A cohort study among HOPE participants
have reported that elevated urinary albumin showed, microalbuminuria expressed as
excretion in the range of microalbuminuria albumin to creatinine ratio as a continuous
is a strong independent risk factor for risk factor for cardiovascular events; for
cardiovascular events both in the diabetic and every 0.4 mg/mmol increase in albumin to
non-diabetic population1-5.
Microalbuminuria creatinine ratio, the hazard of MI, stroke or
is reported approximately in 30% of middle- cardiovasculardeath increasedby 5.9% (95%
aged patients with either IDDM or NIDDM CI, 4.9-7.0%); all cause death increased by
and in approximately 10%to 15%of middle- 6.8% (95% CI, 5.9-8.0%)3.In addition to its
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well established association and implications
in diabetes, microalbuminuria had been
found to be associated with both the
traditionaJ!.6-IJ
as well as novelcardiovascular
risk factors like homocysteinel2 and Creactive protein13.Such association had been
suggested to be a marker of subclinical organ
damage and high risk for future
cardiovascular events.

microalbuminuria and angiographic severity
of CAD, moreover
the studies found
conflicting
resultsIX.I'J. Therefore,
we
investigated,
the relationship
between
microalbuminuria and angiographic severity
of CAD. We analyzed different aspect of
angiographic severity, for which relationship
had not been looked for preyiously.
Material

The exact pathophysiology
of how
microalbuminuria contributes or accelerates
the atherosclerotic process is uncertain. The
current understanding, however,suggests that
microalbuminuria is an indicatorof increased
vascular permeability and, hence, altered
barrier function of the endothelium. People
with microalbuminuria have an elevated
transcapillary escape rate of albumin
regardless of their diabetic status.
Theoretically, such leakiness may in addition
allow for an increased lipid insudation into
the large vessel wall, thereby linking
microalbuminuria
to atherogenesis'4.
Moreover, it has been argued that when
albumin leaks into the interstitial space,
cellular injury occurs secondary to free
. radicals and cytokine production enhanced
by the presence of albumin. More recently,
some authors have suggested that
microalbuminuria is another element of the
metabolic components of syndrome XIS.
Microalbuminuria had been found to be a

marker of endothelial dysfunction 16.17,
another determinant of atherogenesis.
Despite the plethora of publications
suggesting a strong relation between
microalbuminuria
and cardiovascular
mortality and morbidity,few studies had been
done to see the relationship between

and Methods

This was a cross-sectional study. A total of
72 patients admitted for elective coronary
angiography in the National Institute of
Cardiovascular Diseases (NICVD), Dhaka,
fulfilling the predefined selection criteria
were recruited in the study. This included
myocardial
infarction
patients
with
spontaneous ischemia or ischemia provoked
with minimal exertion or with LVEF <40o/c;
u'nstable angina patients with ST segment
depression on serial ECG or with positive
cardiac troponin level; stable angina patients
having CCS class III or IV symptoms despite
optimal medical therapy or those with
positive stress test result. Key exclusion
criteria were serum creatinine ~1.5 mg/dl or
a prior diagnosis of renal disease, current
urinary tract infection, abnormal urine
sediment (e.g. dipstick positive proteinuria.
hematuria, pyuria, bacteriuria, or casts),
patients within first week after acute
myocardial infarction, those with overt
congestive heart failure or with acute febrile
illness.
An early morning first voided urine sampk
was assessed for albumin to creatinine ratio
as a measure of urinary albumin excretion.
Urinary albumin was measured by rail:
nephelometry.
Urinary creatinine
wa~
measured by a modified Jaffe-method.
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Subjects were divided into those with
microalbuminuria
(albumin to creatinine
ratio ~2 mg/mmol)
and those without
microalbuminuria
(albumin to creatinine
ratio <2 mg/mmol)5.
Angiographic severity of CAD
Following parameters were used as measures
of angiographic severity:
I . Vessel score: Defined as number of major
epicardial coronary arteries (i.e. right
coronary, left anterior descending and
left circumflex artery) with a significant
stenosis
(50% or greater luminal
stenosis). Scores ranged from 0 to 3,
depending on the number of vessels
involved20.

2. Stenosis score: By modified Gensini
score. Briefly, the most severe stenosis
in each of eight segments of coronary
arteries were graded according to
severity, that is, a grade of 1 for I% to
49% reduction in lumen diameter, 2 for
50% to 74%, 3 for 75% to 99%, and 4
for total occlusion. The scores in each of
the eight segments were added together
to give a total score out of a theoretical
maximum of 3220.

were
divided
into
those
with
microalbuminuria
and those without
microalbuminuria. The correlation between
albumin to creatinine ratio and risk factors
with continuous data was tested using the
Spearman's rank correlation coefficient. For
multiple regression analysis, severity of CAD
was taken as dependent variable and albu,min
to creatinine ratio with other risk factors,
significant in univariate analysis were taken
as independent variables. Multiple logistic
regression was used to relate the presence of
triple vessel disease to microalbuminuria,
adjusted
for potentially
confounding
variables. A 'p'value <0.05 was considered
statistically significant. All calculations were
performed by using SPSS software version
10.0.
Results
Albumin to creatinine ratio as a measure of
microalbuminuria was measured in a cohort

of 72 patients undergoing elective coronary
angiogram. Age ranged from 25 to 70 years
in the total study population.
Baseline
characteristics of the participants according
to presence of microalbuminuria are shown
in Table-I.
It shows patients
with
microalbuminuria had significantly higher
3. Extent score: A new score developed to prevalence of hypertension, longer duration
indicate the proportion of coronary of hypertension and higher level of
of
arterial tree involved by angiographically syst~lic BP. Although prevalence
microalbuminuria did not differ significantly
detectable atheroma20.
in diabetic and non-diabetic patients, diabetic
4. Lesion morphology: (Type A, Band C) patients
with microalbuminuria
had
established by a joint ACCIAHA task significantly longer duration of DM. Other
force21.
risk factors like, smoking, dyslipidemia, BMI
Statistical analysis
did not differ significantly between two
groups. Fasting plasma glucose, total
Means, SD and other basic descriptive
statistics were calculated to describe the study cholesterol and LDL were significantly
higher in microalbuminuric patients. Use of
population. For subsequent analysis subjects
80
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drugs including ACE inhibitors was similar
between the groups (not shown in table). All
parameters of angiographic severity were
significantly higher in microalbuminuric
patients (Table ll). Presence of triple vessel
CAD was also significantly higher among
microalbuminuric patients.
Table ill displays the correlation coefficients
between albumin to creatinine ratio and all

the variables investigated. All parameters of
angiographic
severity showed positive
correlation with albumin to creatinine ratio.
Among cardiovascular
risk factors age,
duration of hypertension, duration of OM.
systolic blood pressure, fasting plasma
glucose level, total cholesterol and LOL
levels showed positive correlation with
albumin to creatinine ratio (estimated by
Spearman's rank correlation).

Table-I: Baseline characteristics of the study population according to presence ofmicroalbllmillllria
Microalbuminuria
Present 41{56.9)
'Absent31{43.1)

p value

Demography:
0.48
Male
24 (77.4)
33 (80.5)
0.48
Female
7 (22.6)
8 (19.5)
49.98:1::9.76
46.87:1:: I 0.19
0.19
Age (years)
Risk factors:
0.51
Current smoker
21 (51.2)
18 (58.1 )
<O.()I
29 (70.7)
13 (41.9)
Hypertensive
8.10:!::5.77
4.53:1::5.01
<0.05
HTN duration (years)
137.56:!:24.80
124.19:1::17.08
<0.01
SBP (mmHg)
86.34:1::12.99
81.61:1::9.34
0.90
DBP (mmHg)
<0.001
Diabetic
21 (51.2)
10 (32.2)
7.86:!::5.30
<0.01
4.18:1::3.31
Duration ofDM (years)
0.16
21 (67.7)
33 (80.5)
Dyslipidemia
0.18
20 (48.7)
II (35.4)
Family HlO IHD
0.43
24.57:1::3.68
23.92:1::3.30
BMI
Clinical diagnosis:
0.44
22 (71)
23(51.1)
. MI
0.44
7 (22.6)
13 (31.7)
Unstable angina
0.44
Positive stress test
2 (6.5)
3 (7.3)
0.44
o
2 (4.9)
Chronic stable angina
Laboratory findings:
ACR (mg/mmol)
2.91:!:O.63
1.23:!:O.34
<0.00 I
FPG (mmolll)
6.95:!:2.35
5.76:!:2.45
0.04
Total cholesterol (mg/dl)
209.05:1::44.25
I83.45:!:26.49
<0.00 I
LDL (mg/dl)
129.98:1::39.26
108.55:1::22.25
<0.001
HDL (mg/dl)
37.15:1::4.12
37.52:!::5.39
0.74
Triglyceride (mg/dl)
206.61:1::65.01
184.68:1::47.55
0.11
LV ejection fraction(%)
54.71:1::9.57
55.39:1::8.90
0.75
SBP=systolic blood pressure; DBP=diastolic blood pressure; ACR=albumin to creatinine ratio;
FPG=fasting plasma glucose; LDL= low density lipoprotein; HDL=high density lipoprotein. Data
are mean:!::standarddeviation unless otherwise indicated. Figures in parentheses indicate percentage
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Table IV shows the results of multivariate
analysis
with all the parameters
of
angiographic severity as dependent variables.
In multivariate linear analysis albumin to
creatinine ratio and age were found to be
independent
predictor of vessel score,
stenosis score and number of type Band / C
lesions; however, in case of extent score,
Table-II: Coronary angiographic parameters of
the study subjects according to presence of
microalbuminuria

fasting plasma glucose not albumin to
creatinine
ratio was the independent
predictor. In multivariate logistic regression
analysis (Table-IV)
micro albuminuric
patients were found almost six times more
likely to have triple vessel coronary artery
disease than their normoalbuminuric counterparts (Odds ratio 5.6, 95% CI 1.4 to 22.0).
Table-IV: Multivariate analysis for predictillg
angiographic severity of CAD.

analysis':
A. Multiplelinearregression
Microalbuminuria
1.
Dependentvariable:vessel
score
(Model R2 =0.433)
Present Absent pvalue
Independsent
predictors
pvalue
Numberofvesselsinvolved2.32HJ.85 1.71HJ.780.003 ACR
0.736
0.004
Singlevesseldisease
4(9.8%) 9(29%) 0.03
Age
0.474
0.038
2. Dependent
variable:stenosisscore(ModelR2=0.623)
Doublevesseldisease 14(34.1%) 16(51.6%)0.10
_
p value
Triplevesseldisease
21(51.2%) 4(12.9%) 0.001 Independentpredictors
ACR
0.425
0.037
o
0.13
Leftmaindisease
3(7.3%)
Age
0.381
0.059
0.13
o
Leftmainequivalent
2 (4.8%)
3. Dependent
variable:extentscore(ModelR2= 0.518)
Stenosisscore
11.00:t4.756.65:t3.630.001 Independent
_
pvalue
predictor
Extentscore
15.12:t7.248.77:t5.14 0.001 Fastingplasmaglucose
0.654
0.001
4.
Dependent
variable:
N
um.
o
ftypeBand/Clesions
0.001
2.65:t1.60
Num.oftypeBandl
4.59:t2.09
(Model R2 = 0.494)
C lesions
p value
Independent predictors
ACR
0.755
0.003
0.045
0.407
Table-III: Relationship of albumin-tv-creatinine Age
B.Multiple
logistic
regression
a
nalysis!:
ratio with CAD risk factors and angiographic
Dependent
variable:presenceoftriplevesseldisease
parameters of study subjects
Variable
OR(95%CI)
pvalue
Variables
5.69(1.47-22.01) 0.011
Correlation
coefficient'p value Microalbuminuria
ACR=albuminto creatinineratio
CADriskfactor$

_

<0.05 * Modelincludesage,durationof hypertension,
durationof
<0.01 DM,systolicBP,fastingplasmaglucose,totalcholesterol,
LDL and ACR.
<0.05
t
Adjustedforage,sex,hypertension,
diabetes,
<0.05
dyslipidemia,
familyHIOIHDandbodymassindex.
<0.01
<0.01 Discussion
<0.01
Urinary albumin excretion as measured by
0.452
<0.01 albumin to creatinine ratio was directly
0.492
<0.01 related to angiographic severity of CAD in
<0.01 our study. Buggy ~t a1.IHdid the first indexed
0.519
<0.05
0.498
study addressing this particular issue. They
, IndicatesSpearman'srhoor rankcorrelation.
investigated
115 non-diabetic patient of
Onlythestatistically
significant
parameters
areshown.
whom 13 (11.3%) had microalbuminuria; the
Age(years)
Durationof HTN(yrs.)
SystolicBP(mmHg)
DurationofDM(yrs.)
FPG(mmoI/L)
Totalcholesterol
(mg/dl)
LDL((mg/dl)
Angiographic
parameters
Vesselscore
Stenosisscore
Extentscore
NumberoftypeB and/Clesion

0.241
0.412
0.287
0.374
0.453
0.349
0.323

82

Decemhcr 2006

Bangladesh Med. Res. Coune. Bull

investigators found no association between
albumin excretion rate and angiographic
severity
measured
by Gensini
score
(Spearman's rank correlation coefficient=
0.163,p>0.1). Neither did albumin excretion
rate increased with more widespread vessel
involvement. In our study, we found high
degree of correlation between albumin to
creatinine
ratio and stenosis
score
(Spearman's rank correlation coefficient=
0.49, p<O.O I). There could be several
explanations for this discrepancy; firstly only
13 subjects with microalbuminuria
were
probably too small a sample to draw any
significant correlation. 29.5% patient in that
study had normal coronary artery, such high
percentage of negative result in coronary
angiogram indi~ates that it was possibly done
in a low risk population therefore had poor
positive predictive value (Bayes' theorem)'~.
However, found albumin to creatinine ratio
levels increased progressively with severity
of CAD and microalbuminuria had odds ratio
of 2.2 for predicting angiographic severity
of CAD. In our study, we estimated two other
parameters of angiographic severity not
assessed previously i.e. extent score, a
measure of total atherosclerotic burden of the
whole coronary arterial system, and numbers
of Type B and/C lesions. Type of lesion is an
important
estimate that me~sures the
complexity of lesion and predicts the success
and complication
rate during PTCA.
Different angiographic pattern has different
significance. A discrete tight lesion in a single
vessel may produce disabling symptoms
whereas diffuse triple vessel disease may
remain asymptomatic.
The therapeutic
approach will also differ in these situations.
It is known that diabetic patients with

multi vessel coronary artery disease do better
with CABG compared
to PTCA20.2"
underlying metabolic derangement
and
lesion characteristics
both might be
responsible for this. Microalbuminuria is a
marker of this metabolic derangement as well
as a marker of angiographic severity. It would
be useful to observe whether microalbuminuria affects revascularization

procedure

in nondiabetic patients.
Thus, microalbuminuria ha.s the potential of
being an important screening tool for
detecting angiographic severity as well as for
deciding treatment strategy. The small sample
size is a limitation of the study. As albumin
excretion increases during acute myocardial
infarction this could have been a potential
confounding factor, but albumin excretion
returns to baseline by seventh day after acute
attack24. All of our study subjects with acute
myocardial infarction were beyond first week
after infarction.
Despite the enormous
prognostic
and
therapeutic implications, the upper limit or
normal value for urinary albumin excretion
is still poorly defined; use of different units
to express urinary albumin. excretion only
adds to the confusion. Unlike that of blood
pressure or serum lipid there are few largescale studies defining the upper limit or
normal value for albuminuria
in the
population.
The American
diabetic
association defines microalbuminuria
as
albumin
to creatinine
ratio 30-299
microgram/mg25 (30 microgram/mg=
3.39 mg/mmol).
Whereas the
resistance atherosclerosis
study
group defined microalbuminuria as
83
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to creatinine ratio :2:2mg/mmoP.But the
cardiovascular risk had been shown to start
at much lower level of albumin excretion in
most of the contemporary trials. In an
analysis among-the HOPE study participants
indicated that the relationship between
albumin to creatinine ratioand cardiovascular

diagnostic
and prognostic
implication.
Intervention towards lowering microalbuminuria by ACE inhibitors had already been
proved effective2~; other modalities targeting
microalbuminuria might also be associated
with a favorable outcome.

disease extends at least as low as 0.5 mg/
mmol, well below the currently accepted
screening thresholds for diagnosis of
microalbuminuria3. Thus, an albumin to
creatinine ratio used to screen for
microalbuminuria and risk of diabetic
nephropathy, may not be relevant when
considering the risk for cardiovascular
outcomes, lower degrees of albuminuria are
also predictive. Contrary to common
perception prevalence of microalbuminuria
is substantial in general population even after
exclusion of diabetes and hypertension. In a
population-based study involving 40,856
subjects, microalbuminuria was present in
7.2%. After exclusion of diabetic and
hypertensive subjects, microalbuminuria was
still prevalent in 6.6% of the subjects26.It
seems that a much lower level of albuminuria
might represent significant cardiovascular
risk in this population without apparent risk
factors. Redefining the upper limit of normal
value of albuminuria for cardiovascular risk
is strongly suggested especially in this
nondiabetic and normotensive population.
Albumin to creatinine ratio is a simple,
relatively inexpensive measure of microalbuminuria of satisfactory accuracy27.2X.It
requires single void urine sample. Whereas,
collectionof 24-h urine is cumbersomeand
subject to timing and collection inaccuracies;
and may lead to low compliance.
Microalbuminuria
may have future
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