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Abstract

Secreting vasoactive factors such as
adrenomedullin - (AM) has been intensively
investigated due to its vascular protective properties
and promising potential as a therapeutic target. The
relationship between adrenomedullin and type (2)
diabetes needs to be elucidated as it is associated
with significant elevation in plasma adrenomedullin
levels. The aim of this study was to evaluate the
role of adrenomedullin in the development of
vasculopathy and its significance as a marker
denoting renal affection in type 2 diabetic patients.

Materials and Methods: This study was conducted
on 60 diabetic patients, 20 without nephropathy, 20
with nephropathy & 20 with diabetic nephropathy
(DN) on haemodialysis as well as 20 age- and sex-
matched healthy controls. All were subjected to full
history, Echocardiography, lipid profile analysis
and plasma adrenomedullin using ELISA method.

Results: plasma AM concentration was elevated in
all groups of diabetic patients and increment was
dependent on the severity of DN (P<0.0001,
P<0.0001), P<0.0001 respectively). There were
positive correlation between adrenomedullin and
left ventricular internal dimensions both in diastole
& systole (P<0.001, P<0.005) and negative
correlation between AM and ejection fraction (EF)
P<0.0001. There was positive correlation between
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adrenomedullin and cholesterol, triglycerides and
LDL (p<0.002, p<0.00land p<0.003 respectively)
and a negative correlation with HDL (P<0.004).
Conclusion: Adrenomedullin is supposed to play a
role in the pathogenesis of  diabetic
microvasculopathy in renal patients. So it can be
used to identify high-risk subjects and modulating
its action would have therapeutic potential in the
prevention of diabetic nephropathy.
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Introduction

Type 2 diabetes mellitus contributes greatly to
morbidity, mortality, and over all health care cost.
These outcomes are derived from the high
incidence of progressive kidney dysfunction,
making diabetic nephropathy the leading cause of
end stage renal disease [1]. For a lesser extent from
the atherogenic dyslipidemia which typically
presents in type 2 diabetic patients [2].

Hemodynamic-mediated vascular  injury — was
identified as one mechanism in the pathogenesis of
diabetic nephropathy. Sustained increase in
glomerular capillary pressure driven by increase in
plasma flow had been observed, especially in early
stages of nephropathy. The elevation in glomerular
capillary pressure might be damaging to glomerular
endothelial, epithelial, and mesangial cells, thereby



initiating and contributing to the progression of
nephropathy. Although numerous mediators of
diabetic hyperfiltration had been proposed, the
exact mechanism remained unclear [3]. It is
therefore tempting to speculate that endothelial-
derived vasodilatory substances like
adrenomedullin could be involved, since plasma
midregional proadrenomedullin  (MR-proADM)
was increasingly elevated from healthy to renal-
impaired subjects and well correlated to magnitude
of microcirculatory perfusion. Should this be the
case, modulating adrenomedullin action would have
therapeutic potential in the prevention of diabetic
nephropathy [4].

In healthy states, adrenomedullin circulates at low
picomolar  concentration, which increases
significantly in a number of disease states including
congestive  heart failure, sepsis, essential
hypertension, and renal impairment [4]. Animal
model research revealed that hyperglycemia
increased vascular adrenomedullin expression [5].
Some investigators reported that type 2 diabetes
was associated with significant elevation of plasma
adrenomedullin [6], whereas others suggested that
increment in plasma adrenomedullin was dependant
on the severity of diabetic nephropathy [7].
Adrenomedullin - is  produced by several
cardiovascular tissues including the myocardium,
vascular endothelium and vascular smooth muscle
[8], exerting vasodilator, natriuretic, diuretic,
angiogenic, anti-fibrotic and anti-oxidant actions
[9]. Although an endocrine and neurocrine function
in the physiological regulation of water intake has
been identified [10], attention has focused upon
autocrine/ paracrine actions of AM within the
myocardium, notably during and following
ischemia.

Several studies have demonstrated that AM exerts a
potent cardio protective action against ischemia-
reperfusion injury, and reduced left ventricular
remodeling and fibrosis [11].

Aim of the work: To evaluate the role of
adrenomedullin in the development of vasculopathy
and its significance as a marker denoting renal
affection in type 2 diabetic patients.

Material and methods

This study was conducted on 60 patients selected

from Nephrology Department of Theodore Bilharz

Research Institute (TBRI) and 20 controls

categorized into 4 groups:

e Group 1 included 20 healthy age- and sex-
matched healthy controls (12 males and 8

females with mean age of 56.05+6.3)
volunteered from the medical and paramedical
staff.

e Group 2 included 20 type 2 diabetic patients
(12 males and 8 females with mean age
58.05+7.6).The patients were diabetic without
nephropathy as evidenced by absence of
microalbuminuria in collected urine over 24hs.

e Group 3 included 20 type 2 diabetic patients
(10 males and 10 females with mean age
59.1546.6). The patients were diabetic with
nephropathy as evidenced by presence of
macroalbuminuria in collected urine over 24
hrs.

e Group 4 included 20 type 2 diabetic patients
(11males and 9 females with mean age
55.95+4.5). The patients were diabetic
nephropathy with chronic renal failure (CRF)
selected from the Hemodialysis Unit and were
on regular hemodialysis sessions 3 times
weekly, 4 hours each.

Both patients and controls have no history of
myocardial infarction, cardiomegaly, heart failure,
or any known history of chronic medical illness.

We excluded patients with hematuria, renal
insufficiency of unexplained origin, urinary tract
infection, and history of rapidly progressive renal
failure, glomerulonephritis, and polycystic kidney
diseases.

All subjects underwent routine clinical examination
and Laboratory Investigations including:

Blood sugar, blood urea, serum creatinine,
creatinine clearance, serum cholesterol,
triglycerides, (HDL-C), and (LDL-C). The
laboratory investigations were done to all subjects
after an overnight fasting, (just before initiation of
dialysis in HD patients).

A new immunoluminometric assay targeted at
midregional proadrenomedullin  [MR-proADM]
was performed using a novel sandwich
immunoassay (B.RAH.M.S. Sevadil LIA;
B.R.A.H.M.S., AG, Hennigsdorf/Berlin, Germany)
[12]. The assay has an analytical detection limit of
0.08 nmol/l, and the interassay CV is <20% for
values >0.12 nmol/l. EDTA, heparin, and citrate
plasma samples are stable (<20% loss of analyte)
for at least 3 days at room temperature, 14 days at
4°C, and 1 year at —20°C.

12 lead Electrocardiogram ECG and Transthoracic
Echocardiography (TTE) were done to all patients
and the control group by Toshiba nemio system,
using 2.5 MHZ phased array transducer. Each TEE
study included M-mode, two dimensional
echocardiography, Doppler and color flow

mapping.



All patients gave informed consent and the study
was approved by the Institutional Ethical
Committee.

Statistical Analysis

Data were statistically described in terms of mean +
standard deviation (£ SD). Comparison of more
than 2 variables was done by ANOVA test.
Pearson correlation between various variables was
evaluated and significant correlation was presented
by graphs. A probability value (p value) less than
0.05 was considered statistically significant. All
statistical calculations were done using computer
programs Microsoft Excel version 7(Microsoft
Corporation, NY, USA) and SPSS (Statistical
Package for the Social Science; SPSS Inc.,
Chicago, IL, USA) , version 16, statistical program.

Results

The demographic data of patients and controls were
listed in table (1).

Table (2) shows the laboratory data of different
groups of patients and controls. There was a highly
significant  increase  in  total  cholesterol,
triglycerides and LDL in between the different
groups of patients and (p<0.0001, p<0.0001,
p<0.0001) and there was a highly significant
decrease in HDL between the control and all groups
of patients (P<0.0001, P<0.0001, P<0.003). There
was a highly significant increase in urea and
creatinine between the control and all different
groups of patients (P<0.001, P<0.0001P<0.0001).

Table 1. Demographic data among different groups

There was a highly significant decrease in
creatinine clearance between the control and all
different groups of patients (P<0.0001, P<0.0001,
P<0.0001). There was a highly significant increase
in HAlc between the control and all different
groups of patients (P<0.001, P<0.006 P<0.0001).
Blood pressure was significantly increased in all
patients compared to the control group (P<0.001,
P<0.001, P<0.001).

Plasma adrenomedullin was significantly increased
in all patients compared to the control group
(P<0.0001, P<0.0001, P<0.0001).
Echocardiograpgy of patients and control were
listed in table (3); There was a significant increase
in left ventricular internal dimensions both in
diastole and in systole (LVIDd & LVIDs) between
the control and all patients groups. There was a
significant decrease in ejection fraction (EF %)
between the control and all patients groups
(P<0.0001, P<0.0001, P<0.005).There was also a
significant increase in left ventricular mass index
(LVMI) between the control and all groups
(P<0.0001, P<0.0001, P<0.0001).

Table (4): shows the correlation between
adrenomedullin and laboratory parameters, there
was positive correlation between adrenomedullin
and left ventricular internal dimensions both in
diastole & systole (P<0.001, P<0.005) and negative
correlation between AM and ejection fraction (EF)
P<0.0001. There was positive correlation between
adrenomedullin and cholesterol, triglycerides and
LDL (p<0.002, p<0.001and p<0.003 respectively)
and a negative correlation with HDL (P<0.004).

Groupl Group2 Group3 Group4
Mean +SD Mean +SD MeanSD Mean+SD
Age 56.05+ 58.05+ 59.15+ 55.95+
6.3 7.6 6.6 4.5
sex M 12 (60%) M 12 (60%) M 10 (50%) M 11 (55%)
F 8 (40%) F 8 (40%) F 10 (50) F 9 (45%)
BMI 26.59+ 30.8+ 35.18+ 29.14+
3.58 3.60 3.38 3.09




Table 2. Studied Parameters among different groups

Groupl Group2 Group3 Group4 1vs.2 2vs 3 3vs 4
Mean £SD Mean+SD Mean+SD Mean £SD
SBP .001 .001 .001
(mmHg) 120.00+5.68 135.20+8.48 141.40+7.0 152.00+6.92
DBP .001 .001 .001
(mmHg) 76.00+3.50 84.00+5.20 86.80+6.44 96.20+6.96
Cholesterol 130.8+29.7 182.8+35.7 220+16 256424 .0001 .0001 .0001
mg/dI
Triglycerides 118.6+23.9 194.1+39.5 266.5+30.3 305.8+35.7 .0001 .0001 .012
mg/dI
HDL 46.746.5 33.5#5.7 27+4.8 20.4+4.7 .0001 .0001 .003
mg/dI
LDL 70.6+14.9 113.45+ 143.6x 179.3+21.88 .0001 .0001 .0001
mg/dI 14.2 30.7
Urea 22.4+2.1 25.6+3.2 90+24 .4 131.7+25.2 .001 .0001 .0001
mg/dI
SCr 1.1+0.3 1.2+0.1 2.9+0.6 7.5+1.5 .048 .0001 .0001
mg/dI
CrCl 105.7+ 102.75+ 57.3+10.5 2.27+0.91 Ns .0001 .0001
mi/min/1.73m? 12.2 8.3
HbAl1C 5.8+0.1 6.4+2.1 9.6+1.2 8.2+0.5 .0001 0.006 0.0001
%
AM 1.1+0.6 8.4+3.8 10.3+6.8 33+39.6 .0001 .0001 .0001
nmol/l

SBP: systolic blood pressure, DBP: diastolic blood pressure

BU: blood urea, SCr: serum creatinine, Cr Cl: creatinine clearance

HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol
AM: adrenomedullin

Table 3. Echocardiographic data among different groups

Groupl Group2 Group3 Group4 1lvs. 2 2vs 3 3vs4
Mean +SD Mean +SD MeanSD Mean +SD
LVIDd 4.3+0.5 4.620.5 5.440.3 5.98+0.8 .045 .0001 .039
(mm)
LVIDs 2.9+0.6 2.98+0.35 3.6+0.53 4,007 Ns .0001 .051
(mm)
EF (%) 75.943.46 64.8+4.7 54.245.8 43.8+13.8 .0001 .0001 .005
LVMI 79.3£16.1 128.2+19.5 184.6+£19.6 215.8+32.6 .0001 .0001 .0001
(gm/m2)

LVIDd: left ventricular internal dimension (diastole), LVIDs: left ventricular internal dimension (systole), EF: ejection fraction, LVMI: left
ventricular mass index



Table 4. Correlation between adrenomedullin and other parameters

r P

Cr 0.59 0.0001
Cr clearance -0.48 0.002
LVIDd 0.54 0.001
LVIDs 0.44 0.005
EF -0.63 0.0001
LVMI 0.52 0.001
Cholesterol 0.48 0.002
Triglycerides 0.52 0.001
LDL 0.47 0.003
HDL -0.46 0.004
Discussion of vascular smooth muscle cell, and adventitial

In our study it was found that, plasma AM
concentration was elevated in all diabetic patients
with and without nephropathy and increment in
plasma adrenomedullin was dependent on the
severity of diabetic nephropathy (p<0.0001,
p<0.001, p<0.001 respectively), this was consistent
with findings of others [11,13 &14].

We found also a positive correlation between AM
and creatinine (r=0.59, p<0.0001) and a negative
correlation between AM and creatinine clearance
(r=-0.48& P<0.002).

Few studies have investigated the relationship
between adrenomedullin and type 1 diabetes [15],
however other studies showed that type 2 diabetes
was associated with significant elevation in plasma
adrenomedullin levels, [16].

Previous elegant studies suggested kidney as an
important source of adrenomedullin, [17], whereas
pulmonary vascular bed could be the main site of
receptor-dependent  clearance  of  circulating
adrenomedullin [18]. In contrast, the exact site of
clearance for MR-proADM is not known at the
moment. Therefore, one possible explanation for
the elevated plasma MR-proADM concentration
among type 2 diabetes with nephropathy could be
reduced MR-proADM clearance [19].

It is known that adrenomedullin could exert a wide
range of vascular actions (mostly protective). These
include endothelium-dependent and -independent
vasodilatation, antioxidative stress, stimulation of
endothelial nitric oxide production, antiproliferation

fibroblast [19]Taken together, the elevation of
plasma MR-proADM concentration in type 2
diabetes (especially in the presence of nephropathy)
could be an appropriate physiological response to
ongoing vascular injury [20] .

Factors that up regulate adrenomedullin are
incompletely understood. In vitro data suggested
that hyperglycemia might increase vascular
adrenomedullin expression [21]. Other postulated
mechanisms included acute hyperinsulinemia, [22],
increased oxidative stress (based on in vivo studies)
[23], and proatherogenic/inflammatory factors such
as angiotensin Il and endothelin-1 [24].

Plasma AM levels were increased in patients with
renal impairment in proportion to the severity of the
disease. AM was related to multiple metabolic
factors and basal microcirculatory perfusion.
Therefore, adrenomedullin might play a role in the
pathogenesis of diabetic vasculopathy [25].

lemura et al [26] investigated the levels of
adrenomedullin - AM during the process of
preadipocyte differentiation and its role in lipid
metabolism and cellular signaling mechanism in
differentiated adipocytes. They found that AM and
its receptor component were highly expressed in
cultured adipocytes and may play a role in lipid
metabolism via a different signaling pathway.

Our study revealed that there were a highly
significant hyperlipidemia in different groups of
patients and controls (P <0.0001, P <0.0001, P
<0.0001) and the atherogenesis process is much
more aggravated in diabetic uremic patients. These



findings were in agreement with others, who
reported that hyperlipidemia is involved in the
progression of diabetic nephropathy through
playing a pathological role in progressive
glomerular injury [27].

In agreement with the previous findings, Bodlaj et
al [28], stated that hyperlipidemia in hemodialysis
dependent diabetic patients can mediate the
inflammation of vessel walls in levels exceeding
those hemodialysis dependent patients without
diabetes mellitus.

We found also a positive correlation between
adrenomedullin and Cholesterol, trigylecerides and
LDL (r=0.47& P<0.002, r=0.52 & P<0.001 and
r=0.47 & P<0.003 respectively) and negative
correlation between AM and HDL (r=-0.46&
P<0.004). The relationship  between LDL
cholesterol and adrenomedullin is  poorly
understood. Limited in vitro data from endothelial
cells in rats suggested that oxidized LDL might
stimulate the secretion of adrenomedullin [28],
which was in agreement with our result.

Other studies, however, could not document any
relationship  between plasma adrenomedullin
concentrations and the degree of metabolic control
or risk factors traditionally associated with
endothelial  injury (e.g., hypertension and
dyslipidemia), [6,29].

Levy et al and Burley et al [30,31] stated that AM
exerts Ca (2+)-dependent positive inotropic effects
in human atrial and less-pronounced effects in
ventricular myocardium. The inotropic effects were
related to increased CAMP levels.

In our study we found a significant increase in
LVIDd, LVIDs and LVMI with significant
reduction in EF in group 4 when compared with
group 3 patients and the latter group of patients
more than group2, who were in turn more than the
control group. This means that the worse the degree
of the renal insult due to diabetes, the more increase
in LV dimensions and LVMI. This result may be
due to hyperglycemia with or without insulin
resistance, especially in the presence of diabetic
nephropathy. Our findings was in agreement with
others [32], who stated that the increased arterial
stiffness can contribute to increase in LVM by
elevating cardiac after load, where the increase in
LVM could be viewed as an adaptive response to
keep left ventricular wall stress constant and
preserve left ventricular systolic function. Henry et
al [33] attributed also these findings to other factors
such as increased oxidative stress, presence of
chronic low grade inflammation and the presence of
autonomic neuropathy.

In our study adrenomedullin was positively

correlated with LVIDd, LVIDs & LVMI, (r=0.54 &
P<0.001, r=0.44 & P<0.005 and r=0.52 & P<0.001
respectively) and negatively correlated with EF (r=-
0.63 & P<0.001).

Several studies have demonstrated that AM exerts a
potent cardio protective action against ischemia-
reperfusion injury, and reduced left ventricular
remodeling and fibrosis [9], while others found that
mesenchymal stem cells transplantation can inhibit
function of cardiac fibroblasts by secreting
antifibrotic factors such as AM, resulting in
decrease myocardial fibrosis [34].

Plasma MR-proADM levels increase in association
with cardiac dysfunction, systemic inflammatory
status and systemic blood volume in haemodialysis
patients with concomitant cardiovascular disease
[16]. These finding were in agreements with our
findings.

In conclusion, our study revealed that plasma AM
concentration was elevated among subjects with
type 2 diabetes, which was further accentuated
when nephropathy set in. AM was related to
multiple metabolic factors and basal micro-
circulatory perfusion. Therefore, adrenomedullin
might play a role in the pathogenesis of diabetic
vasculopathy. Modulating adrenomedullin action
would have therapeutic potential in the prevention
of diabetic nephropathy.
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