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Abstract

Background: Increased urinary albumin excretion (UAE) in diabetes is a sensitive marker of microvascular injury and
a reliable predictor of cardiovascular outcomes. Hypertension-induced hemodynamic pressure load, diabetes-related
metabolic processes and large artery stiffening have all been implicated in the development of microalbuminuria.
We investigated whether hyperglycemia per se, or rather increased blood pressure (BP) and macrovascular
dysfunction, is a stronger predictor of UAE at the earliest stages of diabetes.

Methods: Consecutive newly diagnosed patients with diabetes type 2, who were normoglycemic within a year’s
time prior to diagnosis, were enrolled. UAE was estimated in 24-h urine samples. Both office and 24-h ambulatory
BP was recorded. Arterial stiffness was evaluated by measurement of carotid-femoral pulse wave velocity (PWV)
with applanation tonometry.

Results: Among 71 newly diagnosed patients with median diabetes duration of just 1 month, 15.5% presented
microalbuminuria. UAE did not differ between hypertensive and normotensive diabetics; however, newly diagnosed
patients for both hypertension and diabetes exhibited significantly higher levels of UAE, compared to diabetic
patients with long-standing hypertension. UAE strongly and significantly correlated with office systolic BP, HbA1c,
PWV and estimated glomerular filtration rate. However, in the multivariate analysis adjusting for these factors, only
HbA1c was independently associated with UAE (beta = 0.278, p = 0.049).

Conclusions: Hyperglycemic state emerges as a powerful predictor of increased UAE even at the earliest stages of
diabetes. The relative contribution of hypertension and macrovascular dysfunction to the development of
microalbuminuria seems to be obscured by hyperglycemia, even in patients whose diabetes onset does not exceed
a few months’ time.
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Background
Microalbuminuria, typically defined as urinary albu-
min excretion (UAE) of 30–300 mg in a 24-h urine
sample, corresponds to a subclinical microvascular de-
rangement in the glomerular filtration barrier that
precedes overt diabetic nephropathy [1]. It has been
well-established that increased UAE, even below the
threshold values usually considered for microalbumi-
nuria, constitutes an early marker of microvascular
damage and a potent predictor of cardiovascular mor-
bidity and mortality [2].
Apart from diabetes, hypertension represents a

major risk factor for increased UAE. When both
diseases coincide in the same individual, which is
typically the case for the vast majority of patients
with diabetes mellitus type II (DMII), the risk of de-
veloping microalbuminuria is substantially aggra-
vated [3]. Another contributor that has been
proposed for the development of microalbumi-
nouria, is arterial stiffness and the interplay between
micro- and macro-vascular dysfunction. In line with
this, several studies have demonstrated an associ-
ation between microalbuminuria and arterial stiff-
ness in DMII and other populations [4–6]. However,
the majority of studies have included patients with
long-standing or unclear duration of the disease.
Importantly, DMII-related complications, including
microalbuminuria and arterial stiffness, increase
with disease duration [7, 8]. Of note, most patients
with DMII already suffer from hypertension at the
time of diagnosis, which substantially increases the
risk for microalbuminuria.
Altogether, it remains unclear as to which extent

hyperglycemia, increased blood pressure (BP) and
macrovascular dysfunction, contribute to microalbu-
minuria in the very early stages of DMII, long before
the establishment of the disease-related cardiovascular
complications. Hence, the aim of our study was to in-
vestigate the association of increased UAE with high
BP, hyperglycemia and arterial stiffness in a meticu-
lously selected population of newly-diagnosed patients
with DMII.

Methods
We enrolled consecutive patients recently diagnosed
with Diabetes Mellitus type II (less than 6 months
from diagnosis). We excluded patients with cardio-
vascular disease or stroke, chronic kidney disease
[glomerular filtration rate (GFR) ≤45 ml/min/m2],
inflammatory diseases, and pregnancy, as well as pa-
tients that had or were receiving antidiabetic treat-
ment were excluded, with the only exception of
Metformin. DMII diagnosis was documented two
impaired glucose tests in separate days [fasting

blood glucose (FBG) ≥ 126 mg/dl and/or 2-h post-
load glucose ≥200 mg/dl in oral glucose tolerance
test (OGTT, 75 g)] [9, 10]. We also investigated
medical records of all participants as well as FBG or
OGTT values to confirm that they were normal for
up to 1 year earlier in order to establish the recent
diagnosis of DMII. All participants were Caucasian
and gave written informed consent. The study was
conducted in accordance with the Helsinki declar-
ation and approved by the local Institutional Ethics
Committee.
A thorough medical history was recorded with em-

phasis on comorbidities and medication use and phys-
ical examination was performed. Body mass index
(BMI) was calculated in kg/m2. Office systolic/dia-
stolic BP (SBP/DBP) was measured with a validated
oscillometric device (Microlife Exact BP, Microlife
AG, Widnau, Switzerland) in the sitting position ac-
cording to the guidelines [11]. Ambulatory BP moni-
toring (ABPM) was performed in the non-dominant
arm, on a working day with a validated oscillometric
device Spacelabs 90217A (Spacelabs Medical,
Issequah, WA, USA). BP readings were obtained every
20 min during daytime (awake period: 06:00–22:00 h)
and every 30 min during night-time (asleep period:
22:00–06:00 h). Subjects were instructed to take note
of retiring to bed in a diary. The actual sleep and
wake intervals of each patient were redefined accord-
ing to their statement on the day of device removal.
Measurements were used for the analysis only if >
70% of the recordings were valid. Hypertension was
defined according to the guidelines as ambulatory
daytime BP ≥135/85 mmHg and/or current antihyper-
tensive medication use [11].
After completion of the procedures, as analyzed

below, blood samples were collected to estimate
glycemic state, fasting lipids and renal function.
GFR was estimated using the Cockcroft-Gault for-
mula [12].

- Urinary albumin excretion and microalbuminuria
UAE was measured with the immuno-turbidimetric
method in 24-h urine samples, which is considered as
the gold standard for the diagnosis of microalbumi-
nuria [13]. UAE of 30–300 mg/24 h was defined as
microalbuminuria. Participants were advised against
strenuous exercise and any change in their usual diet-
ary habits.

- Assessment of arterial stiffness
Carotid-femoral pulse wave velocity (PWV) was assessed
as the gold-standard measure of arterial stiffness using
applanation tonometry with the Sphygmocor device
(AtCor Medical, Sydney, Australia). Sequential recordings
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of the arterial wave were obtained in the carotid and fem-
oral artery and wave transit time was calculated with a
simultaneously recorded electrocardiogram. PWV was de-
termined by the distance difference between sternal notch
to carotid site and sternal notch to femoral site b divided
by time (PWV=Δd/Δt). Participants were advised to ab-
stain from caffeine, smoking and intense physical activity
for at least 3 h before the procedure, which was performed
in the supine position after a 15-min resting period.

- Statistical analysis
Analysis was performed using the Statistical Package for
Social Sciences (SPSS), version 22. Results were
expressed as frequencies for qualitative variables and as
mean ± standard deviation (m ± SD) or median (1st
quartile–3rd quartile) for continuous variables, accord-
ing to whether they were normally distributed or not.
Comparison of frequencies was performed with the
Pearson chi-square test for qualitative variables, while
mean values were compared with Student t or Mann–
Whitney test for continuous variables. Correlation coef-
ficients were calculated with the parametric Pearson or
the non-parametric Spearman rank tests, according to
the normality of their distribution. The logarithmic
mean of the parameter was entered where needed to
transform a non-normal distribution to a normal distri-
bution. Multiple linear regression analysis was used to
identify independent associations with UAE. A probabil-
ity value of p ≤ 0.05 was considered statistically
significant.

Patient and public involvement
There was no patient or public involvement in this re-
search study.

Results
A total of 71 newly diagnosed patients with DMII, 41
males and 30 females with a mean age of 56.6 ± 10.4
years, were included. Baseline characteristics of the
study population are depicted in Table 1. Median dis-
ease duration from the time of diagnosis was only 1
month. Microalbuminuria affected 15.5% of our popu-
lation, which corresponded to median UAE values of
7.5 (2.9–17.3) mg. As expected, the majority of our
patients (62.0%) presented concomitant hypertension.
In particular, 27 patients (38.0%) had a history of
long-standing hypertension with median duration of 8
(4–12) years, while 17 (23.9%) were simultaneously
diagnosed with hypertension and DMII. Treatment
with metformin had been initiated in 47.9%, while
22.5% were receiving renin-angiotensin-aldosterone
system (RAAS) inhibitors.
Results of univariate correlation analysis of UAE with

demographic, metabolic and blood pressure parameters

are depicted in Table 2. In this very meticulously se-
lected group of newly diagnosed diabetic patients, UAE
correlated with all the known factors, which contribute
to its progression in patients with long standing DMII,
including HbA1c, FBG, office SBP and DBP, as well as
day- and nighttime SBP (Table 2). Although levels of
UAE did not significantly differ between diabetics with
or without hypertension [9.1 (3.65–17.8) vs 5.1 (2.5–8.7),
p = 0.111], patients who were simultaneously diagnosed
with both hypertension and DMII exhibited significantly
higher levels of UAE, compared to diabetics who
presented long-standing hypertension [13.3 (9.0–58.0) vs
7.0 (25–7.5) mg, p = 0.007].
Moreover, a positive association was observed be-

tween UAE and macrovascular dysfunction, repre-
sented by PWV (Table 2). When patients were
further classified according to the presence of micro-
albuminuria, PWV was significantly higher in the
microalbuminuria group, compared to patients with
normal UAE (10.2 ± 1.9 vs 8.7 ± 1.8 m/s, p = 0.013). Fi-
nally, increasing UAE was associated with renal func-
tion, reflected in GFR (Table 2). Non-significant
associations were observed between UAE and other
cardiovascular risk factors (age, gender, BMI, lipids,
uric acid).
Multiple regression analysis for UAE adjusting for gly-

cemia, BP levels, renal function and macrovascular im-
pairment revealed that HbA1c was the only factor that
was independently associated with UAE (beta = 0.278,
p = 0.049), in our population of newly diagnosed patients
with DMII (Table 3).

Discussion
The most important finding of the present study is
that even at the earliest stages of DMII, hypergly-
cemia emerges as a powerful predictor of increased
UAE and seems to negate the well-known detrimen-
tal effects of hypertension, compromised renal func-
tion as well as macrovascular dysfunction regarding
microalbuminuria development and progression. To
our knowledge, this is the first study to address the
influence of the above factors on microalbuminuria
in a carefully selected population of patients with
such a short duration of DMII (a median of just 1
month from the time of diagnosis). These results
imply that neither the concomitant diagnosis nor the
long-standing history of hypertension can overcome
the detrimental effect of hyperglycemia even at the
very early stages of DMII. Importantly, only patients
who were normoglycemic within a year’s time prior
to the diagnosis were included, in order to verify the
recent onset of DMII. Even though the rate of
DMII-related microvascular complications increases
with the duration of disease [7, 8] the present study
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highlights that renal endothelial dysfunction,
reflected in increased UAE, rapidly progresses at the
time of diagnosis and is mainly triggered by
hyperglycemia.
The observed associations of UAE with BP and ar-

terial stiffness merit further attention. Both were
strongly and positively associated with UAE in the
univariate analysis. However, the strength of these as-
sociations was attenuated and they were subsequently
rendered non-significant after adjustment for HbA1c
(Table 3). Considering the adverse effects of hyperten-
sion on UAE and especially the fact that BP in our
sample was not optimal, our results point towards
metabolic, rather than hemodynamic processes, as the

major mechanism underlying the development of
microalbuminuria at the earliest stages of DMII.
Hence, the relative contribution of hypertension
seems to be obscured by hyperglycemia in patients
with such recent onset of DMII.
Likewise, the association between arterial stiffness

and UAE no longer remained significant after adjust-
ment for HbA1c. Increased arterial stiffness has been
proposed as an additional mechanism triggering
microalbuminuria in patients with DMII, through in-
creased intrarenal pulsatile stress and enhanced
hemodynamic load in the renal tubules and glomeruli
induced by large artery stiffening. This concept has
been reinforced by several cross-sectional studies

Table 1 Baseline characteristics of the study population

Variable All patients
(n = 71)

Hypertensive patients with diabetes
(n = 44)

Normotensive patients with diabetes
(n = 27)

P value

Age (years) 56.6 ± 10.4 57.1 ± 11.3 55.7 ± 8.9 0.584

Male sex (%) 57.7 59.8 59.3 0.840

Duration of diabetes (months) 1 (0–5) 0 (0–3.5) 1 (0–6) 0.199

Fasting glucose (mg/dl) 120 (104–137) 121 (100.5–133.5) 112 (105.5–155) 0.691

HbA1c (%) 6.7 (6.3–7.5) 6.7 (6.3–7.4) 6.7 (6.3–7.7) 0.803

Metformin (%) 47.9 45.5 51.9 0.600

BMI (kg/m2) 30.3 ± 4.2 31.1 (28.5–33.8) 29.5 ± 3.9 0.049

Duration of hypertension (years) 8 (4–12) 8 (4–12) ΝΑ ΝΑ

Office SBP (mmHg) 137.6 ± 20.5 142.5 ± 21.1 129.0 ± 16.2 0.008

Office DBP (mmHg) 84.0 ± 11.9 87.0 ± 12.7 78.8 ± 8.1 0.002

Daytime SBP (mmHg) 129.2 ± 16.1 134.5 ± 16.7 120.0 ± 9.8 < 0.001

Daytime DBP (mmHg) 79.1 ± 11.5 82.0 ± 12.8 74.1 ± 6.3 0.001

Nighttime SBP (mmHg) 120.2 ± 16.7 125.3 ± 16.9 110.2 ± 11.1 < 0.001

Nighttime DBP (mmHg) 71.3 ± 10.8 73.9 ± 11.3 66.3 ± 8.1 0.007

UAE (mg/24 h) 7.5 (2.9–17.3) 9.1 (3.7–17.8) 5.1 (2.5–8.7) 0.147

PWV (m/s) 8.9 ± 1.8 8.8 (7.3–10.2) 8.5 ± 1.3 0.087

Total cholesterol (mg/dl) 190.9 ± 38.4 191.4 ± 36.3 190.0 ± 42.5 0.880

LDL cholesterol (mg/dl) 121.2 ± 33.8 121.9 ± 29.0 120.0 ± 41.2 0.826

HDL cholesterol (mg/dl) 41.3 ± 11.1 41.0 ± 10.9 41.8 ± 11.8 0.749

Triglycerides (mg/dl) 122 (102–174) 134.5 (103.5–187) 113.0 (102–161) 0.208

Urea (mg/dl) 31.2 ± 6.9 31.2 ± 7.1 31.1 ± 6.8 0.927

Creatinine (mg/dl) 0.88 ± 0.16 0.86 ± 0.15 0.92 ± 0.18 0.114

GFR (mL/min/1.73 m2) 111.6 ± 34.8 116.7 ± 38.0 103.4 ± 27.5 0.126

Uric acid (mg/dl) 5.4 ± 1.7 5.5 ± 1.5 5.2 ± 1.99 0.458

Antihypertensive medication (%) NA NA

RAAS inhibitors (%) 22.5 36.4 NA NA

b-blockers (%) 2.8 4.5 NA NA

Calcium channel blockers (%) 8.5 13.6 NA NA

BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, UAE Urinary Albumin Excretion, PWV Pulse Wave Velocity, LDL Low-Density
Lipoprotein, HDL High-Density Lipoprotein, GFR Glomerular Filtration Rate, RAAS Renin-angiotensin-aldosterone system, ΝΑ Not Applicable
Results are demonstrated as Mean ± SD / Median (IQ range)
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demonstrating an independent association between
microalbuminuria and arterial stiffness in patients
with DMII [14–16]. However, the duration of DMII
in these studies was either uncertain or relatively
long, and just a single study enrolled patients whose
disease duration did not exceed 12 months [17]. Con-
cordantly, DMII duration exceeded 10 years in a pro-
spective study showing that arterial stiffness was
associated with incident albuminuria [4]. It is thus
likely that in long-standing disease, the arterial wall
properties within the micro- and macrovasculature

have undergone alterations that are mutually linked
and reinforced. By contrast, based on our study find-
ings, it is reasonable to presume that in early-stage
DMII, the interaction between UAE and arterial stiff-
ness is mediated by hyperglycemia, which appears as
the common denominator of microvascular damage.
Mechanisms responsible for microalbuminuria in

hyperglycemic state include endothelial dysfunction
and chronic inflammation triggered by oxidative
stress, inflammatory cytokines and growth factors
[18]. Glycation of structural proteins in DMII, such as
collagen and elastin, with the formation of advanced
glycation end products (AGEs), affects arterial compli-
ance and has been proposed as an additional mechan-
ism of microalbuminuria [19]. Since hyperglycemia
was identified as the only independent predictor of
UAE in our sample, our study suggests that these
mechanisms seem to be activated within a few
months’ time following DMII onset. However, insulin
resistance that has been likewise implicated in the
genesis of albuminuria [18], might have been present
for a considerable period of time, before the clinical
diagnosis of DMII.
The strengths of our study include our meticu-

lously selected population of patients with very
short duration of DMII, which is extremely difficult
to find in the available literature, and the use of the
gold-standard methods for the assessment of UAE
and arterial stiffness. Presence of hypertension was
not based on conventional office BP measurements,
but was verified with 24-h ABPM recordings. Our
study is limited by its cross-sectional design and the
relatively small sample size. Consequently no con-
clusions can be deduced from the present study re-
garding potential associations between UAE and
medication. Hence, our study might be considered
rather as a pilot study, and further studies with a
larger number of participants need to confirm our
results. However, the difficulty of identifying pa-
tients with such short duration of DMII, who are

Table 2 Results of univariate correlation analysis of urinary
albumin excretion with blood pressure, demographic, metabolic
and biochemical parameters

Variable r P value

Age (years) − 0.040 0.748

Duration of diabetes (months) −0.169 0.332

Fasting glucose (mg/dl) 0.250 0.040

HbA1c (%) 0.330 0.006

BMI (kg/m2) 0.176 0.153

Office SBP (mmHg) 0.357 0.003

Office DBP (mmHg) 0.350 0.004

Daytime SBP (mmHg) 0.285 0.021

Daytime DBP (mmHg) 0.235 0.055

Nighttime SBP (mmHg) 0.270 0.034

Nighttime DBP (mmHg) 0.229 0.073

PWV (m/s) 0.287 0.019

Total cholesterol (mg/dl) −0.065 0.602

LDL cholesterol (mg/dl) − 0.130 0.293

HDL cholesterol (mg/dl) −0.098 0.429

Triglycerides (mg/dl) 0.088 0.481

GFR (mL/min/1.73 m2) 0.306 0.013

Uric acid (mg/dl) 0.086 0.497

BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood
Pressure, PWV Pulse Wave Velocity, LDL Low-Density Lipoprotein, HDL High-
Density Lipoprotein, GFR Glomerular Filtration Rate

Table 3 Linear regression model for urinary albumin excretion (UAE) in newly-diagnosed patients with diabetes

Variable Unstandardized Coefficients Standardized Coefficients 95% Confidence Intervals for B P
valueB SD Beta Lower Bound Upper Bound

Age (years) −0.447 0.757 −0.115 −1.962 1.068 0.557

Gender −6.938 11.601 −0.084 −30.159 16.283 0.552

Office SBP (mmHg) 0.090 0.305 0.043 −0.520 0.700 0.770

BMI (kg/m2) 29.362 112.409 0.043 − 195.649 254.374 0.795

HbA1c (%) 8.629 4.295 0.278 0.032 17.226 0.049

PWV (m/s) 2.040 3.603 0.092 −5.171 9.251 0.573

GFR (mL/min/1.73 m2) −0.130 0.257 −0.110 −0.644 0.383 0.614
aDependent variable: UAE; Statistic F = 1.033, p = 0.418, R2 = 0.111, adjusted R2 = 0.004
SBP Systolic Blood Pressure, BMI Body Mass Index, PWV Pulse Wave Velocity, GFR Glomerular Filtration Rate
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free from significant comorbidities, needs to be
acknowledged.

Conclusions
In conclusion, our study identified increased HbA1c as
the major mediator of renal microvascular impairment
at the earliest stages of DMII. In patients with disease
onset that does not exceed a few months’ time, hyper-
glycemia seems to obscure the observed associations of
UAE with BP, renal function and arterial stiffness.
These results stress out the need for early implementa-
tion of effective interventions targeting at this powerful
modifiable predictor of microalbuminuria.
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