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Résumé

Les concentrations plasmatiques du peptide natriurétique de type B
sont augmentées chez les diabétiques de type 2 atteints de
complications vasculaires

But

Les concentrations plasmatiques du peptide natriurétique de type B (NT-
proBNP) sont augmentées chez les diabétiques de type 2 atteints de
complications vasculaires.

Les concentrations plasmatiques du peptide natrlurethue de type B (BNP),
ou de sa pro-hormone (NT-proBNP), sont reconnues depuis peu comme
marqueur de choix de la dysfonction cardiaque. Les diabétiques de type 2
sont & haut risque de développer des complications cardiovasculaires.
L'objectif de cette étude a été de déterminer si les concentrations
plasmatiques de NT-proBNP étaient comparables chez des dlabethues de
type 2 avec ou sans complications vasculaires .

Méthodes

Nous avons mesuré le NT-proBNP plasmatique chez 54 diabétiques de type
2, 27 sans complications micro- ou macrovasculaires et 27 présentant des
complications soit micro- soit macrovasculaires, soit les deux. Le méme
dosage a été effectué chez 38 témoins sains, appariés pour l'age et le sexe
avec les diabétiques.

Résultat

Le NT-proBNP plasmatique était plus élevé chez les diabétiques avec
complications (médiane 121 pg/ml, intervalle interquartile 50-240 pg/ml)
que chez ceux sans complications (37 pg/ml, 21-54 pg/ml, P < 0,01),
Comparés au groupe témoin (55 pg/ml, 40-79 pg/ml), seuls les diabétiques
avec complications vasculaires avaient un NT-proBNP plasmatique
significativement augmenté (P < 0,001). Chez les diabétiques la maladie
coronarienne et la néphropathie (définie selon I'excrétion urinaire
d'albumine) étaient chacune associée de facon indépendante avec une
augmentation des concentrations plasmatiques de NT-proBNP.

Conclusion

Chez les diabétiques de type 2 souffrant de complications micro- ou
macrovasculaires, les concentrations plasmatiques de NT-proBNP sont
augmentées par rapport a celles des malades indemnes de complications
vasculaires. L'augmentation de sécrétion de ce peptide est associée de fagon
indépendante avec la maladie coronarienne et la néphropathie. La mesure du
NT-proBNP plasmatique pourrait donc étre utile pour dépister la présence de
complications micro- ou macrovasculaires.
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- ORIGINAL ARTICLE

Increased plasma levels of N-terminal brain
natriuretic peptide (NT-proBNP)

in type 2 diabetic patients

with vascular complications

S Beer', S Golay?, D Bardy?, F Feihl?, RC Gaillard', C Bachmann®, B Waeber?, J Ruiz'

SUMMARY

Aims: The plasma levels of either brain natriuretic peptide (BNP) or
-the N-terminal fragment of the prohormone (NT-proBNP) have
recently gained extreme importance as markers of myocardial dys-

function. Patients with type 2 diabetes are at high risk of developing

cardiovascular complications, This study was aimed to assess
whether plasma NT-proBNP levels are at similar fevels in type 2 dia-
betics with or without overt cardiovascular diseases.

Methods: We assayed plasma NT-proBNP in 54 type 2 diabetics, 27 of
whom had no overt macro- and/or microvascular complications, while
the remaining ones had either or both. The same assay was carried out
in 38 healthy control subjects age and sex matched as a group with the
diabetics.

Results: Plasma NT-proBNP was higher in diabetics (median
121 pg/ml, interquartile range 50-240 pg/ml,) than in those without
complications (37 pg/ml, 21-54 pg/ml, P <0.01). Compared with
the controls (55 pg/ml, 40-79 pg/ml), only diabetics with vascular
complications had significantly increased plasma NT-proBNP levels

(P <0,001). In the diabetics, coronary heart disease and nephropa-

thy (defined according to urinary excretion of albumin) were each
independently associated with elevated values of plasma NT-proBNP.
Conclusions: In type 2 diabetes mellitus, patients with macro- and/
or micro-vascular complications exhibit an elevation of plasma NT-
proBNP levels compared to corresponding patients with no evidence
of vascular disease. The excessive secretion of this peptide is inde-
pendently associated with coronary artery disease and overt nephr-
opathy. The measurement of circulating NT-proBNP concentration
may therefore be useful to screen for the presence of macro- and/for
microvascular disease.

Key-words: Diabetes mellitus, type 2 - Natriuretic peptide, brain «

Myocardial diseases « Coronary disease + Diabetic nephropathy.
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REsumE _

Les concentrations plasmatiques du peptide
natriurétique de type B sont augmentées
chez les diabétiques de type 2 atteints

de complications vasculaires

But: Les concentrations plasmatiques du peptide natriurétique de
type B (NT-proBNP) sont augmentées chez les diabétiques de type 2
atteints de complications vasculaires.

Les concentrations plasmatiques du peptide natriurétique de type B
(BNP), ou de sa pro-hormone (NT-proBNP), sont reconnues depuis
peu comme marqueur de choix de la dysfonction cardiaque. Les diabé-
tiques de type 2 sont & haut risque de développer des complications
cardiovasculaires. Lobjectif de cette étude a été de déterminer si les
concentrations plasmatiques de NT-proBNP étalent comparables chez
des diabétiques de type 2 avec ou sans complications vasculaires.
Méthodes : Nous avons mesuré le NT-proBNP plasmatique chez
54 diabétiques de type 2, 27 sans complications micro- ou macro-
vasculaires et 27 présentant des complications soit micro- soit
macrovasculaires, soit les deux. Le méme dosage a été effectué chez

- 38 témoins sains, appariés pour I'dge et le sexe avec les diabétiques.

Résultat : Le NT-proBNP plasmatique était plus élevé chez les diabé-
tiques avec complications (médiane 121 pg/mli, intervalle interquar-
tile 50-240 pg/ml) que chez ceux sans complications (37 pg/ml,
21-54 pg/ml, P <0,01), Comparés au groupe témoin (55 pg/ml,
40-79 pg/ml), seuls les diabétiques avec complications vasculaires
avalent un NT-proBNP plasmatique significativement augmenté
(P < 0,001). Chez les diabétiques la maladie coronarienne et fa néph-
ropathie (définie selon I'excrétion urinaire d’albumine) étaient cha-
cune associée de fagon indépendante avec une augmentation des
concentrations plasmatiques de NT-proBNP.

Conclusion : Chez les diabétiques de type 2 souffrant de complica-
tions micro- ou macrovasculaires, les concentrations plasmatiques
de NT-proBNP sont augmentées par rapport a celles des malades
indemnes de complications vasculaires, Uaugmentation de sécrétion
de ce peptide est associée de fagon indépendante avec la maladie
coronarienne et la néphropathie. La mesure du NT-proBNP plasmati-
que pourrait donc étre utile pour dépister la présence de complica-
tions micro- ou macrovasculaires.

Maladie
Néphropathie diabétique -

Mols-clés : Diabéte de type 2 - Peptide nalriurétique -
coronarienne - Maladies cardiaques
Complications vasculaires.
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Introduction”

Brain natriuretic peptide (BNP) is a 32-amino-acid pep-
tide first'described in pofcine brain [1], and later found to
be synthetized also by cardiac myocytes [2]. In humans the
léft ventricle subjected to an increased wall tension is the
main source of BNP, In the circulation, the peptide is
present not only as BNP, but also as an inactive N-terminal
pro-BNP (NT-proBNP) resulting from the cleavage of the
precursor form of BNP (proBNP). The actions of BNP are
similar to those of the atrial natriuretic peptide (ANP),
which is produced primarily by atrial tissue, and include
enhanced renal sodium.and water excretion, vasorclaxa-
tion, and suppression of the activity of the renin-angi-
otensin-aldosterone system, Abnormally high plasma levels
of BNP and/or NT-proBNP have been found in a number
of pathological states, in particular in patients with cardiac
failure or hypertrophy [2-5]. This led to consider the
measurement of these peptides as a useful tdol for the early
detection of left-ventricular abnormalities. i

Patients with type 2 diabetes represent a high risk popu-
lation in terms of cardiovascular and renal complications
[6-8). Such patients show a disproportionate increase in left-
ventricular dysfunction and left-ventricular hypertrophy
[9]). Increased plasma BNP levels have been reported in cer-
tain patients with type 2 diabetes, in association with coro-
nary heart disease [10], and BNP screening has been
proposed for the easy identification of subclinical diabetic
cardiomyopathy [9]. Other studies suggest that elevated
plasma BNP level could also be a marker of incipient
microvascular complications, including diabetic nephropa-
thy [11] and retinopathy [12],

In a recent study, BNP levels were reported to be a relia-
ble predictor of cardiac and all-cause mortality in diabetic
patients [13]. Actually, elevated plasma levels of N'T-proBNP
have been reported in type 2 diabetics without overt cardio-
vascular disease compared with non-diabetic controls [14],

but it is $till unclear whether there exists a difference in -

terms of BNP secretion between type 2 diabetes with or
without macro- and/or microvascular disease. The present
study was carried-out in a cohort of unselected patients with
type 2 diabetes in an attempt to answer this specific question.

Methods

We recruited 54 consecutive patients with type 2 diabe-
tes referred to our outpatient clinic. The diagnosis of type 2

Abbreviations:

ANP: atrial natriuretic peptide

BNP: brain natriuretic peptide.
NT-PROBNP: N-terminal fragment of pro-BNP
HDL: - high density lipoproteins

LDL: low density lipoproteins
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diabetes was based on the 1998 WHO criteiia {15} Thirty-
eight healthy subjects matched for gender and age served s
controls. The latter had all a fasting glycaemia < 6.1 mmol/
I, a body mass index (BMI) < 30 kg/m?and a blood pressure
(BP) < 140/90 mmHg. They had no past history of heart,
lung, kidney, endocrine or liver discase and were not taking
any medication. The protocol was approved by the Ethics
Committee at our institution, and carried out in accordance
with the principles of the Declaration of Helsinki as revised
in 2000. Informed consent was obtained in writing from all
subjects,

Our diabetic patients were routinely screened for
macro- and microangiopathy (history of claudication or
stroke, examination of carotid and peripheral arteries, eye
fundoscopy by an ophthalmologist). In presence of two or
more risk factors on 'top of diabetes a myocardial radionu-
clide scintigraphy or a stress echocardiography was per-
formed [16]. This was followed by a coronarography if
required, Coronary heart disease was considered present if
anyone of the following criteria was met: history of trans-
mural myocardial infarction, history of coronary angi-
oplasty, history of coronary bypass surgery, positive
evidence for coronary artery disease on either an exercise
tolerance test, a stress echocardiogram, a myocardial scin-
tigraphy, or a coronary angiogram. Ultrasonographic
examinations of carotid and peripheral arteries were
obtained where appropriate. Diabetic nephropathy was
defined as an albumin creatinine/ratio > 2 mg/mmol in a
morning urine spot [17,18]. .

Assay of, plasnia NT-proBNP

The blood sample used to measure plasma NT-proBNP -
was collected in a 2.7 ml EDTA-coated tube, After centrifu-
gation, the plasma was stored at -20 °C. NT-ProBNP was

_determined using an Elecsys proBNP sandwich immunoas-

say on an Elecsys 2010 analyzer (Roche, Rotkreuz, Switzer-
land). The interseries coefficient of variation was 3.6%
(n = 16) at a level of 263 ng/l and 3.1% (n = 15) at a level of
5812 ng/l: The analytical range extends from 5 to 35000 ng/l.
The intra-assay coefficient of variation was 2.9%.

Statistical analysis

Results are presented as means £'SD. Plasma levels of
NT-proBNP, due to their skewed distribution, are also
summarized as the median and interquartile range. Three
groups of subjects (controls, diabetics without any vascular
complication, and diabetics with either microvascular or
macrovascular complications) were compared with simple
parametric analysis of variance (carried out on log-transfor-
med data in the case of plasma NT-proBNP). Where justi-

fied by very asymetric distribution not amenable to

logarithmic transform, a Kruskall-Wallis test was used ins-
tead. When'the F (or chi-square) value was significant, pai-
rwise comparisons were carried out with Dunn’s test (or its’



nonparametric adaptation as described [19]). In diabetic
patients, association of plasma N'T-proBNP with putative
predictors was examined with multiple regression. In this
analysis, the values for NT-proBNP were log transformed,
categorical independent variables were coded as dummies,
and a backward elimination algorithm was used (F to enter
0.25, F to remove 0.10). The alpha level of all tests was set at
0.05. All computations were performed with the JMP
software, version 3.2.2 (SAS Institute, Cary, NC).

Results

Characteristics of the study population

~ The baseline characteristics of the study subjects are

summarized in TableI. Diabetic patients were divided

into 2 subgroups according to the presence (n = 27) or the
" absence (n = 27) of micro- and/or macrovascular compli-
cations. Among the former patients, 9 exhibited microvas-
cular complications and 5 macrovascular complications
only, whereas 13 patients had both types of complications.
The body mass index (BMI) as well as systolic and diasto-

lic blood pressures were significantly higher in the -

Table | ]
Characteristics of study participants.

NT-proBNP and diabetes

2 groups of diabetics than in controls, Mean plasma
HDL-cholesterol levels were  significantly lower and
plasma triglyceride levels significantly higher in diabetics
compared. with controls. Significant differences in mean

“levels of HbA |, fasting and postprandial plasma glucose,

fasting plasma insulin, plasma creatinine, and urinary
albumin/creatinine ratio were observed between the
2 groups of diabetics. An exercise tolerance test, a coro-

nary angiogram, a stress echocardiogram and a myocar-

dial radionuclide scintigraphy was performed in 6, 5, 24
and 11 patients, respectively. All patients who underwent -
the echocardiographical examination showed an ejection
fraction above 50%. '

Table II shows the various treatments received at the
time of examination. Blockers of the renin-angiotensin
system, f3-blockers and antiplatelet agents were taken sig-
nificantly more often in patients with than in those with-
out vascular complications.

Plasma N'T-proBNP levels in diabetic patients
versus control subjects

Plasma levels of NT-proBNP are depicted .in Figure 1.
Analysis of variance on the raw data indicated a signifi-

Urine albumine/creatinine ratio

Controls Diabetics
without vascular complications  with vascular complications
Number of subjects ‘ 38 I 7
Duration of diabetes (y.) ' - 6.4+6.2 10.8+7.8
Age (v.) 56.0+11.1 544177 579+7.0
Sex (M/F) : ‘ 25013 6/ C 2205
Body mass index (kg/m2) 23.0+25 304+48° ' © 314+54¢
Waist to hip ratio 0.92 +0.07 1.01 £0.05° 1.04+008° -
Blood pressure, systolic (mm Hg) 117 +£10 133 +17° 142+16°
. Blood pressure, diastolic (mm Hg) - 68+8 78+11°¢ 82+9°

Smoking (pack-y.) *- 17+7.2 97+230° - 854135°"
Plasma glucose, fasting (mM) 48105 7.0+18°¢ 8.4+22¢
Plasma glicose, postprandial (mM) 51409 124+24° 1424269
HbA, (%) _ : NA . 73+£11 824137
HDL-cholesterol (mM) ' 1.62+0.34 1.29+0.36° 1.30+£0.30°
LDL-cholesterol (mM) 2.96 + 0.89 | 2.85+0.71 2.75 +0.87
Triglycerides (mM}) 0.94 +£0.47 - 1.87+080° 209+£1.92°¢
Plasma creatinine (uM) 89+10 87 +15 104426

0605 08+0.6 32.4+83.9%

Means -+ SD. NA not available,

*non parametric statistical analysis (Kruskall-Wallis test).

bp < 0,05, )

°P < 0.01 vs controls. )

P < 001 diabetics with vs diabetics without vascular complications.

Diabetes Metab 2005;31:567-573 « © 2005 Masson; all rights reserved
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cantly higher dispersion of data in diabetics with vascular
complications, in comparison with the other two groups
(P < 0.001, Levene’s test). Subsequent analyses were carried
out on log-transformed data, Plasma pro-BNP was on the
average higher in diabetics with (median 121 pg/ml, inter-

Table li

Number of patients (%) on various therapies.

Diabetics Diabetics
without vascular with vascular
complications complications -

Insulin 13 (48%) 19 (70%) NS
Oral antidiabetics 19 (70%) 15 (56%) NS
ACE-| 14 (52%) 21 (78%) P<0.05
or AT1-receptor
blocker
B-blocker 0 12 (44%) < 0.001
Diuretic 8 (30%) 13 (48%) NS

~ Calclum antagonist 7 (26%) 9(33%) NS
Statin - 10(87%) 16 (59%) NS
Antiplatelet agents 9 (33%) 24 (83%) P <0.001

ACE-I=Angiotensin converting enzyme i'nhibitor.
NS=not significant. :

Plasma NT-proBNP (pa/til)

AR

S e ] B

o mmmTiaemr W, ®
e T
By =
SO

1

Figure 1 :

A) diabstics without vascular complications. B) diabetics with vascular
complications. Small dots: individual values. Horizontal bars within
rectangles: - medians and interquartile range. Statistical analysis:
parametric analysis of variance on log-transformed data. ** P < 0.01

_ Diabetes Metab 2005;31:567-573 + www.masson.fr/revues/dm

quartile range 50-240 pg/ml,- P <0.01) than in those
without vascular complications (median 37 pg/ml, inter-
quartile range 21-54 pg/ml). Compared with the controls
(median 55 pg/ml, interquartile range 40-79 pg/ml), only
diabetics with vascular complications had significantly
increased plasma N'T-proBNP levels (P < 0.001). Expressed
as means + SD, the plasma NT-proBNP levels averaged
62 %34 pg/ml in controls, compared with 194 %230 and

46 £ 37 pg/ml in diabetic-patients with and without corﬁpli—
cations, respectively.

Association of plasma NT-proBNP levels
with specific vascular complications
in diabetic patients

In diabetic patients, the presence of either nephropathy,
retinopathy, or coronary artery disease, but not of periphe-
ral arteriopathy or arterial hypertension was associated, on
univariate tests, with significantly higher plasma levels of
N'T-proBNP (Table IIT). Only 4 patients had cerebrovascu-
lar disease, precluding any meaningful comparison con-
cerning this specific complication. Because many patients
presented with more than one of the conditions listed in
Table ITI, a multivariable approach was applied next, show-
ing that nephropathy and coronary heart disease were each
independently associated with elevated values of plasma .

NT-proBNP (Table IV). Notably, ail but one of the

19 patients with nephropathy were hypertensive, whereas
11 of the 35 diabetics without nephropathy were normoten-
sive (P = 0.03, univariate chisquare test).

‘Discussion

The plasma levels of brain natriuretic peptides are now
widely accepted as markers of myocardial dysfunction. In
principle, either the active C-terminal (BNP), or the inac-
tive N terminal moieties (NT-proBNP) of the 108 amino

- acids prohormone convey similar information regarding

abnormalities of cardiac function [20]. When screening for
abnormalities of cardiac function, the assay of NT-proBNP
rather than BNP may be advantageous because a longer
biologic half-life (70 minutes, versus 20 minutes for BNP)
[21) makes the circulatory levels of this peptide somewhat
less susceptible to short-term fluctuations, resulting in a
better intraindividual reproducibility of the assay {22]. For
this reason, we chose to assay the N-terminal peptide in the
present study. In the control group of healthy subjects, we
obtained a mean N'T-proBNP level (+ SD) of 62 £ 32 pg/ml,
in reasonable agreement with the values reported by Hunt
and associates in similar conditions (10.8 £ 6.8 pmol/l;
equivalent to 92 £57 pg/ml) [23].

In spite of the high prevalence of myocardial dysfunc-
tion in diabetes, there is surprisingly little specific data
concerning the plasma levels of brain natriuretic peptides



Table i

NT-proBNP and diabetes

. Plasma levels of NT-proBNP (pg/ml) in diabetics with and without specific vascular complications.

Independent predictors of plasma NT-proBNP levels in diabetic
patients. Stepwise multivariable regression of log-transformed
plasma levels of NT-proBNP, using backward elimination. Varia-
bles Initially included in model: age, sex, duration of diabetes,
and presence of specific vascular complications (nephropathy,
retinopathy, coronary heart disease, peripheral arteriopathy, and
treated arterial hypertension, each included as a separate dummy
variable). Ranges in parentheses are 95% confidence intervais.

Predictor Predicted fold P value
increase in plasma
NT-proBNP )
Nephropathy 1.70 (1.49-1.94) " <0001
Coronary 1.54 (1.32-1.78) 0.006
heart disease »

in this pathology. The available studies mostly sought to
establish whether the presence of microvascular complica-
tions was a determinant of plasma BNP levels, and there-
fore enrolled patients with or without microalbuminuria
or retinopathy, but without overt evidence of heart disease.
Results were variable. In 100 subjects with type 2 diabetes
who had normal blood pressure and cardiothoracic ratio,
no history of coronary heart disease, and no ultrasound
‘evidence of left ventricular hypertrophy, Isotani et al.
found mostly normal plasma levels of BNP which did not
differ between subjects with and without microangiopathy
[24]. Asakawa and associates reported the same findings in

Vascular Complication’ Absent Present P

Nephropathy

number of patients 35 19

plasma NT-proBNP 38 (21-56) 136 (83-284) < 0.0001
Retinopathy :

number of patients o Y 13 L

* plasma NT-proBNP 47 (23-82) 126 (77-262) 0.011

Coronary heart disease _ '

number of patients - ) 42 12 )

plasma NT-proBNP 445 (22-91) 147.5 (78-296) 0.0008

. Peripheral arteriopathy

number of patients 44 - 10

plasma NT-proBNP 47.5 (22-126) 102 (54-217)
Treated arterial hypertension ‘

number of patients I 2 . 12

plasma NT-proBNP "37.5 (23-54) 57 (28-174) 0.13
Table IV another cohort of 100 type 2 diabetics without evidence of

cardiac or macrovascular complications [10]. In contrast,
data by Yano et al. collected in 42 type 2 diabetics with
characteristics similar to those in the Isotani study indicate
higher plasma BNP levels in presence than in absence of

microalbuminuria (167 £ 2.4 vs 9.6 £+ 1.3 pg/ml, mean

+ SEM, P < 0.01) [11]. Finally, Siebenhofer et al. examined
71 type 1 diabetic patients who had normal echocardiogra-
phy, no history of coronary artery disease and no end-stage.
renal disease. Median levels of plasma NT-proBNP were
more than four-fold higher in subjects with micro-
(187 pg/ml) or macroalbuminuria (193 pg/ml) than in nor-
moalbuminuric subjects (43 pg/ml, P = 0.016 versus both

other groups) [25]. Finally, plasma NT-proBNP were

measured in 253 patients with type 2 diabetes without
overt cardiovascular disease and compared with those
determined in 230 matched controls [14]. The diabetic
patients showed significantly higher N'T-proBNP values
than normal counterparts.

In contrast with these studies, no exclusion criteria were
applied in the present work, so that patients with and with-
out overt vascular disease were included. Consequently, the
collected data are reasonably representative of what may be
expected in daily practice, with the caveat that none of our
patients had end-stage renal disease. In patients devoid of

© overt micro-and macrovascular complications, plasma

NT-proBNP was not elevated (46 £ 37 pg/ml, mean + SD)

" in comparison with a control group matched for age and

sex (62 %34 pg/ml). In presence of complications by con-
trast, both the dispersion and mean value of this marker

were abnormally high (194 + 230 pg/ml). Figure 1 shows the

Diabstes Metab 2005;31:567-573 » © 2005 Masson, all rights reserved
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individual values of plasma NT-proBNP in the control
subjects and the 2 groups of diabetics, Further analyses
showed that presence of coronary artery disease and neph-
ropathy were two independent predictors of plasma NT-
proBNP in the diabetic subjects (Table III). The first associ-
ation is of course highly expected, as coronary heart disease
is a major cause of myocardial dysfunction. The association
of plasma N'T-proBNP with nephropathy, defined accord-
ing to urinary excretion of albumin, is consistent with the
Isotani as well as the Siebenenhofer studies mentioned
above [24, 25] and could be due to a number of factors. It
could reflect an altered clearance of the peptide by the dis-
eased kidney. Although this possibility cannot be dis-
counted on the basis of our data, it seems unlikely when
considering studies. in patients with terminal renal failure,
in whom the plasma levels of BNP were essentially normal
in absence of ultrasonographically detectable myocardial
dysfunction [26]. A more plausible link between nephropa-
thy and elevated N'T-proBNP implics endothelial dysfunc-
tion, which is known to play a pivotal role in the
pathogenesis of vascular disease in diabetics [27]. Micro-
albuminuria not only predicts the future progression of
renal disease in patients with type 2 diabetes, but also repre-
sents a strong predictor of cardiovascular complications

' [28]. Notably, microalbuminuria is regarded nowadays as

an indicator of endothelial dysfunction [29]. Finally, short
term infusions of BNP have caused microalbuminuria in
previously normoalbuminuric type 1 diabetics [30], raising
the possibility that abnormally high plasma levels of BNP-
secondary to cardiac dysfunction -could elicit or amplify a
cardinal diagnostic feature of diabetic nephropathy.

Not surprisingly,the treatment was heavier in patients
with than in those without vascular complications
(Table II). Significant differences were observed with
regard to the use of blockers of the renin-angiotensin sys-

" tem,B-blockers and antiplatelet agents. Whether such dif-

fererices in drug regimen might influence BNP secretion
has to be considered, but no clear answer can be given based
on data presented herein.

The aim of the present study was not to mvcstngate the
relationship between plasma BNP levels and left ventricu-
lar mass or function. This explains why only a fraction of
our patients underwent an echocardiogram or a myocardial
scintigraphy. The primary aim was to assess whether the
measurement of BNP mightserve as an indicator of macro-
and/or microvascular disease in patients with type 2 diabe-
es. Our findings show that this is indeed the case as
increased NT-proBNP levels were independently associ-
ated with both overt coronary artery disease and diabetic

_nephropathy.
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