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ABSTRACT
Introduction:

The study evaluated of microalbuminuria as a predictor of heart failure in patients with
diabetes mellitus type 2.

Materials and methods:

The prospective study conducted in a period of time from o1-Feb-2007 to o1-Feb-2010.
The study included 100 patients with type 2 diabetes, who had diabetes longer than 5
years. All subjects (average age 66 * 10 years, 33% male, 67% female) were tested for
the presence of microalbuminuria, and 50 patients had microalbuminuria. The second
group comprised 50 patients without of microalbuminuria with diabetes mellitus type
2.

Results:

In the patients with microalbuminuria and diabetes mellitus were found 22% of heart
failure and 6% in the second group. Average time to the occurance of heart failure in the
first group was 32,5 months, in the second group was 35,3 months.

Conclusions:

The results show that microalbuminuria is an independent risk factor for heart failure
in patients with diabetes mellitus type 2 and microalbuminuria. Patients without
microalbuminuria had 3,7 less likely to development heart failure compared to patients

with microalbuminuria and diabetes mellitus.
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INTRODUCTION

In the Framingham study, it was estimated
that diabetics have two to five times
higher incidence of heart failure (HF)
than people who do not have diabetes
(1). United Kingdom Prospective Study
(UKPDS) showed that every increase of 1%
in HbAic was associated with increased
risk for HF by 19% (2), and by 18% in the
study DIABHYCAR (the non-insulin-
dependent  diabetes,  hypertension,
microalbuminuria  or  proteinuria,
Cardiovascular events, and Ramipril)
(3). The Heart Outcome Prevention
Evaluation (HOPE) study showed that the
presence of microalbuminuria in patients
with type 2 diabetes mellitus increases
the relative risk for cardiovascular events
by 1.83 and by 3.23 for hospitalization for
heart failure. For every 0.4 mg / mmol
increase in albumin / creatinine rate,
relative risk for major cardiovascular
events was increased by 5.9%. (4). This
together is disabling, fatal disease (s).
The most common causes of HF are
hypertension and coronary heart disease.

Other cardiovascular risk factors for HF
are left ventricular hypertrophy, valvular
heart disease, diabetes mellitus, cigarette
smoking and obesity (5).

Risk factors independently increasing
cardiovascular risk in diabetic patients
are as follows: smoking, hypertension,
lipid disorder, disorder of renal function
and hyperglycemia. Microalbuminuria
was added to the traditional risk factors,
as a new sensitive marker for renal and
cardiovascular risk and as a marker
for impaired endothelial function
(6). Microalbuminuria develops from
progressive,  subclinical,  structural
changesin thekidneys. Microalbuminuria
is a 24-hour urinary albumin excretion
(UAE) of 30-300 mg (20-200 pg / min)
or urinary albumin: creatinine ratio
(UACR) of 2.5-30 mg / mmol in men,
3.5-30 mg / mmol in women (7). Analysis
of 24-hour urine is the gold standard
for the detection and quantification of
increased albumin excretion. But, since
this is painstaking search for the patient,
practical alternatives have been proposed
as the determination of albumin in the
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urine collected during the night or in a single sample
midstream of the first morning urine. Due to the
variable excretion of albumin in the urine, a positive
finding of microalbuminuria should be confirmed by
repeated tests on several occasions (positive results in
two of the three samples tested). Albumin excretion
increased above the normal range may occur after
major physical exertion within 24 hours, urinary tract
infections and in case of increased body temperature
(fever).

The prevalence of diabetes mellitus in the population
with heart disease is 20% (8). During the last decade
the management of heart disease has significantly
advanced and improved in clinical outcome through
pharmacological inhibition of neurohumoral system
(9). Despite this fact, half of these patients died within
four years, therefore the need for better prevention
or therapeutic strategies was highlighted (10). There
is a strong interest in risk-markers for the prediction
of heart failure, such as biomarkers of endothelial
dysfunction and inflammation (11).

GOAL

The objective of the study was to examine the relation
between increased urinary albumin / creatinine rate
(microalbuminuria) and the occurrence of heart failure
in patients with Type 2 diabetes mellitus.

MATERIAL AND METHODS

The study was conducted as a prospective controlled
study in regional outpatient family clinic / family
medicine center Simin Han of the Health Center Tuzla
for the period from o1-Feb-2007 to o1-Feb-2010. 182
patients with Type 2 diabetes mellitus were registered.
The study included 100 patients, average age 66 * 10
with a minimum age of 44 and maximum of 86 years
(33% men, 67% women). The patients had a positive
history of type 2 diabetes based on the criteria of the
World Health Organization (WHO) from 1999 (13).
All subjects had type 2 diabetes mellitus for more than
five years. Patients with type 1 diabetes, urinary tract
infection, acetonuria, hematuria, and those who had
confirmed diagnosis of heart failure were excluded
from the study. Subjects were divided into two groups.
1°t: The test-group - subjects who have type 2 diabetes
with microalbuminuria (50 patients). 2°¢: The control-
group - subjects who have type 2 diabetes without
microalbuminuria (50 patients).

Microalbuminuria in urine was determined after
examination of the sediment in the urine. Proteinuria
was determined using test strips for urine. If the test
strip show negative proteinuria, microalbuminuria
was determined by using albumin / creatinine ratio.
Urinary albumin concentration was measured using
an enzyme-linked immunosorbent assay (ELISA).
Urinary concentration is measured using an enzymatic
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colorimetric method. As recommended by the
National Kidney Foundation (NKF) (14), in screening
for quantitative determination of albumin in the
urine, albumin / creatinine ratio was calculated for
all subjects. In case that the first albumin / creatinine
ratio is less than 2.5 mg / mmol in men and less than
3.5 mg / mmol in women, the screening was repeated
in one year. Men who had result of the albumin /
creatinine ratio to be greater than 2.5 mg / mmol, and
greater than 3.5 mg / mmol in women, were studied
for the persistence of microalbuminuria for three to six
months (7). During the study, the urine was tested for
the presence of microalbuminuria every six months.
Finding of microalbuminuria (2.5 to 30 mg / mmol for
men, 3.5 to 30 mg / mmol for women) was considered
positive if urine sediment was normal and there was
absence of physical exertion for 24 hours before testing.

At beginning of the study, clinical-lab parameters
were determined in all patients, as follows: history,
determined clinical status, electrocardiographic,
radiographic and ultrasonic examination of the
heart, total cholesterol, triglycerides, HbAic, serum
creatinine, creatinine clearance, smoking status, blood
pressure, body mass index (BMI), the central waist
size. Clinical examination, total serum cholesterol,
serum triglycerides, HbAic, serum creatinine, blood
pressure, body weight, creatinine clearance and
electrocardiographic recording of the heart were
repeated every six months.

Diagnosis and classification of heart failure was
defined by the propositions of European Society of
Cardiology (8). Patients with type 2 diabetes mellitus
were treated according to the algorithm for the
management of hyperglycemia in adults (15). The study
was in accordance with the Helsinki II Declaration and
approved by the local ethics committee.

A multivariate Cox model was used to assess
the independent prognostic value of baseline
characteristics on the risk of HF. The following
variables were considered prospectively: age, sex, BMI,
systolic and dyastolic blood pressure, smoking >15
cigarettes per day, HbAic, serum creatinine, UAC. A
backward procedure was used to keep only variables
with a P value <o0.05 Hazard Ratios and 95% Cis used
to describe the predictive value of each variable. A
Kaplan-Meier survival curve was used to show the
time of occurrence of newly diagnosed HF during the
follow-up period.

RESULTS

Clinical and biochemical characteristics of patients
with type 2 diabetes mellitus with and without
microalbuminuria (albumin / creatinine ratio from 2.5
to 30 mg / mmol for men and from 3.5 to 30 mg / mmol
for women) are shown in Table 1.

Data are presented as the arithmetic average with
standard deviation (+ SD)

Average values of HbAic in the test group were 8.94
+ 2.51%, while in the control group average values
were 7.97 + 2.02%. There is statistically significant
difference between control and test groups in HbAic
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(95% CI = 0.06 to 1.87). HbAic values were increased
in both groups (t = 2.11, df = 98, p = 0.037) indicating
poor glycemic control. Both groups of patients had an
increased body mass index, increased central waist
size, hypertension, hypertriglyceridemia. The test
group had an average of 0.97 mmol / 1 (95% CI = 0.45 to
1.50) higher triglyceride levels compared to the control
group, which was statistically significant (t = 3.69, df

50 patients with microalbuminuria

KARIC et all

Figure 1: Distribution of respondents according to
the value of the albumin /creatinine ratio in urine
expressed in mg / mmol

22% of participants in the group of diabetic patients
with microalbuminuria developed heart failure, and
only 6% in the control group. Occurrence of heart

50 patients without microalbuminuria

Xsr SD Xsr SD t P z P-MW

Age (years) 65.40 8.89 65.60 9.15 -0.11 0.912 -0.20 0.841
Men, n(%) 34% 32% 0.96 0.96
Duration of disease 11.48 6.57 10.60 6.16 0.69 0.491 -0.733 0.464
(years)
Blood pressure 142.80 20.48 139.40 16.74 0.91 0.366 -1.01 0.312
Systolic
Diastolic 84.70 9.92 84.40 8.43 0.16 0.871 -0.426 0.670
Glycosylated hemoglobin 8.99 2.60 8.01 2.02 2.11 0.037* -2.286 0.022*
(HbA1c) %
Urinalysis 7.55 5.13 1.23 0.79 13.08 <0.0001* -8.570 <0.0001*
Albumin/creatinine ratio
(mg/mmol)
Total cholesterol 5.53 1.21 5.57 1.30 -0.15 0.881 -0.038 0.970
(mmol/1)
Serum triglycerides 2.86 1.47 1.92 1.07 3.66 <0.0001* -3.482 <0.0001*
(mmol/1)
Serum creatinine (umol/l)  83.33 36.89 75.66 25.66 1.21 0.230 -0.810 0.418
BMI (Body mass 30.02 4.34 29.66 4.60 0.40 0.688 -0.601 0.548
index)kg/m2

Central waist 106.69 15.03 104.10 16.41 0.82 0.413 -1.010 0.271
size (cm)
Creatinine clearance 84.95 28.86 85.23 30.27 -0.05 0.963 -0.021 0.983

(ml/min/1.73m2)

Calculated using
Cockroft-Gault equation

= 98, p <0.001). Also, the group had insignificantly
higher values of systolic blood pressure compared to
the control group. The average duration of diabetes
mellitus type 2 in both groups was more than 10 years.

Test group had a significantly higher average value
of the albumin / creatinine ratio (t = 13.08, df = 98, p
<0.0001), Figure 1.

failure is significantly increased in patients with
microalbuminuria and diabetes mellitus type 2 (X* =
5.32, df = 1, p = 0.02), Figure 2.
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Figure 2: Distribution of heart failure, diabetic patients
with and without microalbuminuria

Kaplan-Meier analysis for the occurrence of heart
failure in diabetic patients shows that the average time
to the occurrence of heart failure in the test group
(with microalbuminuria) was 32.5 months (95% CI =
30-35 months), while in the control group (without
microalbuminuria) was 35.3 months (95% CI = 33.9
to 36.6). This difference was statistically significant
(X2 = 4.65, df = 1, p = 0.03). Comparative review of the
Kaplan-Meier’s curve is shown in Figure 3.

Qccurence of heart failure

95

Probability of absence of heart failure (%)

sh n " i " . . " J
o 5 10 15 220 25 30 35 40
Period (months)

Figure 3: Comparison of the Kaplan-Meier curves for
the occurrence of heart failure in diabetic patients
with microalbuminuria (red dotted line) and without
microalbuminuria (blue solid line)

Cox regression analysis determined that the hazard
ratio (HR) for the control group, 0.27 (95% CI = 0.1 to

in follow-up period of 36 months.

DISCUSSION

It was found that small increases in urinary albumin
/ creatinine ratio in patients with diabetes mellitus
type 2 is defined as microalbuminuria and is a
predictor for heart failure. 22% of diabetic patients
with microalbuminuria develops heart failure,
and only 6% without microalbuminuria. Patients
with type 2 diabetes mellitus who developed heart
failure were elderly, had significantly higher value of
microalbuminuria, higher HbAic and higher levels
of triglycerides. Although we found insignificantly
increased value of systolic blood pressure in patients
with heart failure and microalbuminuria, relation
between blood pressure and heart failure could not be
found.

Glycemic control was analyzed wusing HbAic
(glycosylated hemoglobin, which determines the level
of blood glucose for a period of last three months).
Test group patients (with microalbuminuria) had
significantly higher result of HbAic, and one of the
reasons for poor gluco-metabolic control was target
value of HbAic 6.5%, based on the guidelines of
the European Association. Another reason for poor
metabolic control of glucose in our study were older
patients with associated comorbidities. Despite
persistent education on lifestyle changes, it proved
difficult for patients to change their traditional
nutritional habits, since the study was conducted in a
rural area.

Our results show that heart failure occurs significantly
earlier in patients with type 2 diabetes mellitus with
microalbuminuria compared to patients without
microalbuminuria and they have 3.7 times more
chance to develop heart failure, which is in accordance

http://saliniana.com.ba

Vol 49(2) : 2019



ACTA MEDICA SALINIANA Vol 49(2) : 2019

with data from corresponding literature (3, 4).

The relationship between diabetes and heart failure is
very complex and it has bidirectional nature. Patients
with diabetes are at high risk for developing HF, also
the patients with HF are at high risk for developing
insulin resistance and diabetes, due to activation of
the renin-angiotensin-aldosterone system (RAAS). It
was proved that the reduction of microalbuminuria
with the angiotensin receptor blocker treatment was
associated with reduced risk for heart failure (12).

Cardiovascular diseases with their frequency of
occurence, epidemic momentum, sociomedical
consequences and high mortality rate are becoming
the major problem in modern medicine. The highest
mortality rate from these diseases is in developed
countries, then in countries in transition and the
lowest is in poorly developed countries. However, while
mortality from cardiovascular diseases in developed
countries declines due to preventive measures,
in developing countries and countries transition
it increases. Our country belongs to the group of
countries in transition and it has steady increase in
morbidity and mortality from cardiovascular diseases.
Heart failure is an expensive, disabling cardiovascular
disease. Our study indicates the necessity for stronger
preventive measures, the health centers should open
counseling for patients with heart failure, including
continued education, changing lifestyles, counseling
and support, as an integral part of treatment. Priorities
for cardiovascular prevention are definitely patients
with already established cardiovascular disease and
patients who are at high risk for cardiovascular disease,
such as patients with type 2 diabetes mellitus and
microalbuminuria.

Reduction in albuminuria for 50% leads to reduction
of the heart failure risk for 27% (12). The presence of
atherosclerotic disease, base microalbuminuria and
HbAuic values are indicators for development of heart
failure in future (3). The occurrence of heart failure is a
major prognostic turn in the life of patients with Type
2 diabetes mellitus.

CONCLUSION

Microalbuminuria is a predictor of heart failure in
patients with high cardiovascular risk, such as patients
with diabetes mellitus type 2 and hypertension.
Patients with type 2 diabetes and microalbuminuria
significantly earlier and more often develop heart
failure compared to those with the normoalbuminuria.
Occurrence of heart failure in patients with diabetes
mellitus type 2 can be delayed by early screening
urine for microalbuminuria using urinary albumin /
creatinine ratio, earlier introduction of anti-diabetic
therapy, with long-term gluco-metabolic control by
monitoring HbAic value. With introduction of early
antihypertensive therapy to block the RAAS we prevent
the occurence and progression of microalbuminuria
as well as with the introduction of early therapy for
modifying cardiovascular risk factors.
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