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Microalbuminuria is a cardiovascular risk factor in type 2 diabetes mellitus patients. It is very important to
know which the predictor factors for albuminuria are, because these elements may be influenced by
pharmacological measures. In our study we propose three models for the prediction of albumin glomerular
excretion in a group of 446 type 2 diabetes mellitus patients: the clinical-biochemical model, the
pharmacological model, and the integrative model that reunites the two models. In the clinical-biochemical
model, albumin excretion was statistically significant influenced by HbA1c (positive correlation) and blood
pressure (positive correlation). In the pharmacological model, albumin excretion was influenced by
angiotensin converting enzyme inhibitors or angiotensin II receptor blockers treatment (negative correlation).
In the integrative model, the factors were HbA1c (positive correlation), diastolic blood pressure (positive
correlation), angiotensin converting enzyme inhibitors or angiotensin II receptor blockers treatment (negative
correlation) and statins treatment (negative correlation). The prevalence of microalbuminuria was 16.14 %.
Patients with microalbuminuria had statistically significant higher values of HbA1c, systolic blood pressure,
diastolic blood pressure, triglycerides and lower values of HDL-cholesterol.  A low glucose control was the
most important risk factor for an increased albumin glomerular elimination. The importance of our study
consists in the fact that all the elements that predict albuminuria can be influenced: HbA1c, blood pressure,
therapy with angiotensin converting enzyme inhibitors or angiotensin II receptor blockers and statins.
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Microalbuminuria represents the urinary elimination of
more than 30mg/day of albumin or a urine albumin/
creatinine ratio greater than 30mg/g [1]. Microalbuminuria
is a predictor of cardiovascular disease both in patients
with type 1 diabetes mellitus and type 2 diabetes mellitus
[2]. The association between the increased level of albumin
excretion and cardiovascular disease, myocardial
infarction or stroke, is the presence of a common causality
and this causality is represented by the endothelial
alterations produced by the diabetic environment [3-5].
The diabetic environment is the presence of a metabolic
state where hyperglycemia, obesity and insulin resistance
generate a series of modifications with significant impact
on all the tissues: increased level of inflammation, oxidative
stress, high blood pressure, atherogenic dyslipidemia,
hypercoagulability [5,6]. All these elements contribute to
endothelial alteration or endothelial dysfunction, and the
all the changes generalized over the entire endothelial
system [1].

Microalbuminuria is also a predictor of diabetic
nephropathy, which represents, in developed countries, the
first cause of end stage renal disease [7]. The morphologic
changes in the glomeruli affected by diabetic nephropathy
include capillary basement membrane thickening, diffuse
mesangial sclerosis, and nodular glomerulosclerosis [8].
Concentric layers of hyaline material deposition, composed
predominantly of type IV collagen, is the main morphologic
change in thickened basal lamina separating the
endothelial cells from the surrounding tissue. In addition,
and increased amount of fibronectin is synthesized while
there is a decreased synthesis of the heparan sulfate
proteoglycan. These changes occur in all vascular tissue
of diabetic patients and are a part of generalized diabetic

microangiopathy. Diffuse mesangial sclerosis consists of
diffuse increase in mesangial matrix by PAS positive
depositions, is associated with the overall thickening of
the glomerular basement membrane and correlates with
increasing proteinuria. Nodular glomerulosclerosis consists
of ovoid or spherical nodules of matrix situated in the
periphery of the glomerulus and commonly it does not
involve all the lobules in the individual glomerulus. Nodular
glomerulosclerosis is not specific for diabetes but it‘s
presence implies, in most instances, the progression to
renal failure.

The mechanisms that determine the renal damage in
type 1 and type 2 diabetes are related to hyperglycemia,
being very complex and include: increased oxidative stress,
increased production of vascular endothelial growth factors
that alters the permeability of the glomerular capillaries,
increased production of cytokines such as TNF-α or IL-6
and adipokines such as leptin that increase the expression
of adhesion molecules and increase the permeability of
the glomerular membrane [2]. The risk factors for
microalbuminuria presence in diabetes mellitus patients
are multiple and include: hypertension  [9,10], low
glycemic control [11,12], serum creatinine, triglycerides,
smoking [13,14]. Albumin/ creatinine ratio has been
validated as a method for the screening of
microalbuminuria [11]. Patients that suffer from type 2
diabetes mellitus should be screened annually for the
presence of microalbuminuria from the moment of
diagnosis as recommended by the American Diabetes
Association [11]. A good glycemic control and monitoring
the blood pressure values are mandatory in diabetic
patients. There are also pharmacological factors that

email : claupustaml@yahoo.com;   v_cosmin_15@yahoo.com                          All the authors have equal contribution at this original article.



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦70♦ No. 11 ♦20193803

protect against the apparition of microalbuminuria in
diabetes patients, the most prominent being angiotensin
converting enzyme inhibitors (ACEI) or angiotensin II
receptor blockers (ARB) treatment. ACEI determines a
reduction of microalbuminuria both in normotensive and
hypertensive patients suffering of diabetes mellitus and
reduces the progression to end stage renal disease [15].
ACE inhibitors beneficial favorable effects on renal function
in diabetic renal disease are likely attributable to the
systemic and renal hemodynamic changes; they blunt the
intrarenal arteriolar effects of Ang II, leading to dilation of
efferent arterioles, reduction on glomerular capillary
pressure and the attendant glomerular hypertension.
Furthermore, these agents reduce the glomerular
permeability, leading to a lower urinary albumin excretion
[16]. ARBs act by blocking Ang II type 1 receptors
(AT1 receptors). This AT1 blockade may lead to further
increase in synthesis of Ang II which binds to intrarenal
Ang II type 2 (AT2 receptors), resulting in decreased blood
pressure and reduced renal interstitial fibrosis [17].

It is important to know the risk factors and protective
factors for microalbuminuria diabetes mellitus patients in
order to apply the measures that can be taken to reduce
the intensity of the process and improve endothelial
dysfunction. In our study we investigated the prevalence
and risk factors for microalbuminuria in a cohort of 446
patients with type 2 diabetes mellitus. We constructed
three models for prediction of microalbuminuria: the
clinical biochemical model, the pharmacological model
and the integrative model in order to determine which
components of the model have a statistically significant
association with albuminuria intensity.

Experimental part
Material  and method

We included in our study 446 patients with type 2
diabetes mellitus from the Clinical County Emergency
Hospital of Oradea. The inclusion criteria in the study were:
patients between 18 and 65 years old; patients with type 2
diabetes mellitus; patients that in the past six months did
not have any modification in the treatment for diabetes
mellitus, hypertension, and dyslipidemia; patients that gave
their consent for the participation in the study. The exclusion
criteria were: patients with type 1 diabetes mellitus or other
forms of diabetes mellitus, patients with a low glycemic
control HbA1ce≥10%, patients with severe hypertension
>180/110 mmHg, patients with other kidney diseases that
can determine an increased glomerular excretion of
proteins (chronic glomerulonephritis, chronic pyelo-
nephritis, etc.), patients with urinary infection.

Patients that presented to the Ambulatory of the Clinical
County Emergency Hospital of Oradea for diabetes
medication prescription in the period 01 September -01
December 2018 were considered for the inclusion in the
study. All patients were explained the content of the study
and signed a written consent. The research was conducted
according to the principles of the Helsinki Declaration and
with the approbation of the Ethics Commission of the
Faculty of Medicine and Pharmacy of Oradea.

For each patient we performed the anamnesis, physical
exam, medical history evaluation and the therapeutic
regimens that the patient followed. Blood pressure was
measured, and the body-mass index was calculated.
Laboratory work-up was performed including: serum
creatinine, HbA1c, total cholesterol, LDL-cholesterol, HDL-
cholesterol, triglycerides. We also determined the albumin/
creatinine ratio in a spot urine sample. Microalbuminuria
was defined as an albumin/creatinine ratio between 30mg/

g and 300mg/g in a spot urine sample. We determined if
the patient was under one of these therapies: ACEI or ARB,
spironolactone, calcium channel blockers, beta blockers,
diuretics, statins, niacin, fibrates, insulin therapy or oral
antidiabetic therapy. After applying the inclusion and
exclusion criteria, 446 patients remained in the study.

The models that we proposed for the prediction of
microalbuminuria were constructed by multiple linear
regression. In every model we included different variables
based on the assumption that the constellation of the
included factors can influence the intensity of glomerular
albumin filtration. The clinical-biochemical model included
the following variables: age, gender, glomerular filtration
rate, HbA1c, BMI, systolic blood pressure, diastolic blood
pressure, total cholesterol, HDL-cholesterol, LDL-
cholesterol, triglycerides. The pharmacological model
included the presence or absence of treatment with the
following medications: ACEI or ARB, spironolactone,
calcium channel blockers, beta blockers, diuretics, statins,
niacin, fibrates, and insulin therapy. The integrative included
all the variables enumerated in the two models above. The
statistical analysis of data was done with the help of the
Biostat software. A value of p <0.05 was considered
statistically significant.

Results and discussions
Table 1 presents the characteristics of the included

patients.
The prevalence of microalbuminuria in our included

patients was 16.14%. In patients with microalbuminuria
the level of HbA1c was statistically significant higher than
in patients without microalbuminuria (7.34±1.57 vs.
6.68±1.01, p<0.01), the prevalence of hypertension was
statistically significant higher (93.05% vs. 75.4%, p<0.01),
the value of systolic blood pressure was statistically
significant higher (141.29±13.97mmHg vs. 128.52 ±
15.05mmHg), the value of diastolic blood pressure was
statistically significant higher (79.87±10.81mmHg vs.
74.13±8.13mmHg), the value of HDL-cholesterol was
statistically significant lower (41.08±12.10mmHg vs.
46.66±12.95mmHg, p<0.01), the value of triglycerides
was statistically significant  higher (191.84±126.39mmHg
vs. 143.75±85.75mmHg, p<0.01) (Table 1). The presence
of ACEI or ARB treatment was statistically significant higher
in patients without microalbuminuria than in patients with
microalbuminuria (fig. 2).

In the clinical-biochemical model for prediction of
albuminuria in type 2 diabetes patients, the factors that
influenced statistically significant the excretion of albumin
were HbA1c (coefficient=8.60, positive correlation), the
value of systolic blood pressure (coefficient=0.42, positive
correlation), the value of diastolic blood pressure
(coefficient=1.25, positive correlation). A positive

Fig. 1. The prevalence of the microalbuminuria
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correlation means that higher values of the influencing
factor correspond to a higher glomerular excretion of
albumin.

In the pharmacological model for prediction of
albuminuria in type 2 diabetes patients, the factor that
influenced statistically significant the excretion of albumin
was the presence of ACEI or ARB treatment (coefficient=-
17.28). The correlation is negative, meaning that a higher
prevalence of ACEI or ARB treatment corresponds to lower
levels of glomerular albumin excretion.

In the integrative model for prediction of albuminuria,
the factors that influenced statistically significant the
glomerular excretion of albumin were as follows: HbA1c
(coefficient=10.05), diastolic blood pressure (coefficient
=1.16), ACEI or ARB treatment (coefficient=-14.61), and
statins treatment (coefficient=-12.30). Using simple linear
regression HbA1c had the most important impact on the
albumin excretion (p<0.001) (Figure 3).

In our study the prevalence of microalbuminuria defined
as an album/creatinine ratio >30mg/g but <300mg/g in
urine spot was 16.14%. The mean duration of diabetes
mellitus in our study was 5.38 years. In a cross-sectional
study on a population of similar race the prevalence of
microalbuminuria was lower than in our study 10.1% [18].
The same study indicated that race is an important risk
factor for microalbuminuria in type 2 diabetes mellitus
patients, its prevalence in a comparative cohort of Asian
ethnicity was 30.7% [18]. The duration of diabetes mellitus
significantly influences the prevalence of micro-
albuminuria: in a group where the disease duration was
greater than 15 years the prevalence of microalbuminuria
was 100% [19]. In our study the diabetes duration in both
groups, the patients with and without albuminuria, was
almost similar and therefore disease duration did not
impact the value of albumin/creatinine ratio. However, the
striking aspect is that at similar disease durations one group
has a mean albumin/creatinine ratio of 119.45 mg/g while
the other has a mean albumin/creatinine ratio of 6.78 mg/
g. The explanation consists in the statistically significant

Table 1
CHARACTERISTICS OF THE

INCLUDED PATIENTS

Fig. 2. The pharmacological treatment in patients with and without
microalbuminuria Fig. 3. Correlation between HbA1c and albumin glomerular excretion

in type 2 diabetes mellitus patients
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higher HbA1c in the first group compared with the second
one (7.34±1.57 vs. 6.68±1.01, p<0.01). These results
prove that a low glycemic control is associated with a high
glomerular albumin excretion and therefore with
endothelial dysfunction. Data from literature confirms the
association of high values of HBA1c and high HbA1c
variability with the presence of microalbuminuria [20]. In
our study using simple linear regression, HbA1c was the
factor that had the strongest influence on micro-
albuminuria.

The prevalence of hypertension was statistically
significant higher in patients with microalbuminuria than
in patients without microalbuminuria. In other study the
same relationship was found confirming that the presence
of hypertension in type 2 diabetes patients is an early sign
of a generalized vascular dysfunction [21]. In the clinical-
biochemical model that we proposed for the prediction of

microalbuminuria, the factors discussed above, HbA1c,
systolic blood pressure and diastolic blood pressure had a
good prediction for the presence of a high glomerular
albumin excretion. In our study, both in the clinical-
biochemical model and integrative model, albuminuria was
not influenced by age, gender or GFR.  Similar findings have
been reported by other authors [21], in their model
albuminuria failed to correlate with age, sex, BMI,
triglycerides level. The predictor factors for albuminuria
were diastolic blood pressure and the duration of diabetes
mellitus. Interestingly, despite the fact that the study was
conducted in an Indian population, the prevalence of
microalbuminuria of 14.2% was close to the prevalence
found by us.

In the pharmacological model, the presence of ACEI or
ARB treatment correlated negatively with the degree of

Table 2
MODEL 1: CLINICAL-BIOCHEMICAL MODEL

FOR PREDICTION OF THE
MICROALBUMINURIA

Table 3
MODEL 2: PHARMACOLOGICAL MODEL FOR
PREDICTION OF THE MICROALBUMINURIA

Table 4
MODEL 3: INTEGRATIVE MODEL FOR

PREDICTION OF THE MICROALBUMINURIA
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renal albumin excretion, which means that this therapy
protects against the apparition of albuminuria in type 2
diabetes mellitus patients. Data from the scientific literature
confirms that ACEI or ARB treatment has a renal protective
effect and also reduces the cardiovascular morbidity and
mortality [22].  In our study, compared with other studies
[22] we can observe a low usage of ACEI or ARB treatment
in the group of type 2 diabetes mellitus patients with
microalbuminuria despite the high prevalence of
hypertension in this group of 93.05%. The impact of ACEI
treatment in the health of patients with diabetes mellitus
has been investigated in many studies. In the Collaborative
Study Group, ACEI administered to a group of patients with
type 1 diabetes mellitus determined the reduction of the
risk of creatinine doubling, death, dialysis and kidney
transplantation with more than 50% when compared with
patients that did not receive ACEI treatment [23].  In the
ADVANCE study, the administration of perindopril/
indapamide combination for a mean interval of 4.3 years
determined the reduction of new onset microalbuminuria
and prolonged the interval of progression to nephropathy
[24]. Concerning ARB efficacy in renal protection,
Irbesartan (an ARB) demonstrated a reduction of serum
creatinine with 25-28% in type 2 diabetes patients when
compared to placebo [25]. Olmesartan, another ARB, in
the ROADMAP study, demonstrated a delayed progression
to microalbuminuria of type 2 diabetes mellitus patients
when compared to placebo [26]. These results should warn
the physician about the need to optimize the treatment of
hypertensive type 2 diabetes mellitus patients.

In the integrative model for the prediction of glomerular
album excretion we identified 2 new factors that influence
these parameters. Some of these factors were identified
in the previous models, HbA1c, diastolic blood pressure
and ACEI or ARB treatment. One of these factors constitutes
an unexpected finding, statin treatment. Dyslipidemia has
a negative impact on the glomerular function generating
glomerular and interstitial injury [27]. Statins have a proven
capacity to decrease neutrophil and macrophage
infiltration at the glomerular level, to reduce the renal cell
proliferation and inflammatory cytokines [28]. There are
few studies in the literature that analyze the effect of statin
treatment on microalbuminuria. One of these studies
reported that statins reduce the loss of glomerular filtration
rate by 1.2ml/min/year [29]. Other study demonstrated that
statin therapy is associated with a significant decrease of
albumin excretion [30]. However, there are studies which
conclude that statin therapy has no protective effect on
renal function [31-33]. In our study beta blockers failed to
demonstrate a protection against albuminuria despite
reports that they have a beneficial effect [34]. Fibrates
therapy also did not demonstrate any protection in our study
despite data suggesting that they reduce microalbuminuria
[35].

Our study has the advantage to correlate the predictor
elements with albuminuria including both patients with
microalbuminuria and normo-albuminuria. More recent
studies have shown that even normal levels of albumin
excretion are associated with an increased cardiovascular
risk in type 2 diabetes mellitus patients compared with
patients that have no albuminuria; one study demonstrated
a linear relationship between urinary albumin excretion
and cardiovascular risk [36]. Patients with a urinary
excretion of albumin between 1 to 2µg/min had a
statistically significant higher cardiovascular risk than
patients with a urinary excretion of albumin <1µg/min
[36]. These results highlight the importance of screening

for albuminuria in diabetic patients. The screening is poorly
achieved as reported by other studies where it was done
only in one third of the diabetic patients and among the
ones identified with positive microalbuminuria only 37%
were under treatment with ACEI or ARB [37].

Conclusions
Risk factors for increased albuminuria in type 2 diabetes

mellitus patients are a high HbA1C level and high blood
pressure while protective factors for albuminuria are ACEI
or ARB treatment and statins treatment. Treatment
optimization in type 2 diabetes mellitus patients is
important in order to decrease albuminuria which is a good
marker for generalized endothelial dysfunction.
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