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Abstract

Aims/hypothesis Raised N-terminal pro-B-type natriuretic
peptide (NT-proBNP) is associated with a poor cardiac
outcome in non-diabetic populations. Elevated NT-proBNP
predicts excess morbidity and mortality in diabetic patients
with an elevated urinary albumin excretion rate. This study
investigated the prognostic value of NT-proBNP in a cohort
of type 2 diabetic patients.

Subjects, materials and methods In a prospective observa-
tional follow-up study, 315 type 2 diabetic patients with
normoalbuminuria (#=188), microalbuminuria (#=80) and
macroalbuminuria (n=47) at baseline were followed for a
median (range) of 15.5 (0.2-17.0) years. Plasma NT-
proBNP concentrations were determined by immunoassay
at baseline. Endpoints were overall and cardiovascular
mortality.

Results Of the patients, 162 died (51%), 119 of them (74%)
due to cardiovascular causes. All-cause mortality was
increased in patients with NT-proBNP in the second and
third tertiles (hazard ratios [95% CI] compared with the first
tertile, 1.70 [1.08-2.67] and 5.19 [3.43-7.88], p<0.001).
These associations persisted after adjustment for urinary
albumin excretion rate, glomerular filtration rate and
conventional cardiovascular risk factors (covariate adjusted
hazard ratios 1.46 [0.91-2.33] and 2.54 [1.56-4.14],
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p<0.001). This increased mortality was attributable to more
cardiovascular deaths in the second and third NT-proBNP
tertile (unadjusted hazard ratios 1.63 [0.96-2.77] and 4.88
[3.01-7.91], p<0.001; covariate adjusted 1.37 [0.79-2.37]
and 2.26 [1.27-4.02], p=0.01). When patients with normo-,
micro- and macroalbuminuria were analysed separately,
NT-proBNP levels above the median (62 ng/l) were
consistently associated with increased overall and cardio-
vascular mortality in all three groups (p<0.001).
Conclusions/interpretation In patients with type 2 diabetes,
elevated circulating NT-proBNP is a strong predictor of the
excess overall and cardiovascular mortality, this predictor
status being independent of urinary albumin excretion rate
and conventional cardiovascular risk factors.

Keywords Albuminuria - Cardiovascular mortality -
Mortality - N-terminal pro-B-type natriuretic peptide -
Type 2 diabetes - Urinary albumin excretion rate

Abbreviations

BNP B-type natriuretic peptide

IQR interquartile range

NT-proBNP  N-terminal pro-B-type natriuretic peptide
ROC receiver operating characteristic

Introduction

Natriuretic peptides are released from the heart in response to
myocardial tension and increased intravascular volume and
provide accurate tests for the diagnosis of heart failure
compared with echocardiography [1]. B-type natriuretic
peptide (BNP) and the N-terminal proBNP fragment (NT-
proBNP) are both powerful predictors of outcome in patients
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with heart failure at all stages of disease [2]. Recently, data
from the Framingham Heart Study identified BNP as a
strong predictor of morbidity and mortality in the general
population even when BNP levels were below the threshold
normally used to diagnose patients with heart failure [3].

Many diabetic patients will succumb to cardiovascular
complications. Early identification of vascular risk is the
cornerstone of diabetes management and facilitates tailored
intervention at an early stage when a beneficial response is
more likely to be obtained. Screening for microalbuminuria
identifies diabetic patients at increased risk of overt diabetic
nephropathy; microalbuminuria is, however, also strongly
associated with cardiovascular disease [4, 5]. Furthermore,
an elevated plasma NT-proBNP level predicts excess
mortality in type 1 diabetic nephropathy [6] and an
increased incidence of major cardiovascular events in
microalbuminuric type 2 diabetic patients [7].

However, the prognostic importance of NT-proBNP in
type 2 diabetic patients in general and the interaction with
elevated urinary albumin excretion rate is unknown. There-
fore, the present study was performed to assess the effect of
plasma NT-proBNP on overall and cardiovascular mortality in
a large cohort of type 2 diabetic patients with normo-, micro-
and macroalbuminuria followed prospectively for 15 years.

Subjects, materials and methods
Study population and protocol

The study population was based on all subjects (n=363)
with type 2 diabetes who were <66 years of age and
attending the Hvidore Hospital, a tertiary referral centre,
during 1987 (baseline [8]). Type 2 diabetes was defined as:
(1) diabetes treated by diet alone or by diet combined with
oral hypoglycaemic agents; (2) diabetes treated with insulin
plus onset of diabetes after the age of 40 years and with
patient BMI above normal at time of diagnosis; or (3)
diabetes treated with insulin, with patients having a normal
BMI and a glucagon-stimulated C-peptide value
>0.60 pmol/ml. We excluded 31 non-Caucasian patients to
minimise heterogeneity. In addition four patients who did
not hand in baseline urine collections, and 13 in whom NT-
proBNP could not be determined at baseline were excluded.
Clinical congestive heart failure was not an exclusion
criteria. The cohort thus consisted of 315 patients.

In a prospective observational study design the patients
were followed up until 1 January 2004 or until death
(n=162) or emigration (n=2). Data on 9 years of follow-up
have been published previously [9]. The study was
approved by the local ethics committee, in accordance with
the Helsinki Declaration, and all patients gave their
informed written consent.

Baseline clinical and laboratory investigations

Patients were interviewed using the WHO cardiovascular
questionnaire [10]. Prior major cardiovascular events were
defined as a history of stroke and/or myocardial infarction.
Smoking was defined as persons smoking one or more
cigarettes/cigars/pipes a day; all others were classified as
non-smokers. A 12-lead ECG was recorded and subse-
quently coded independently by two trained observers
using Minnesota codes [11]. Known ischaemic heart
disease was diagnosed based on the history or an ECG
suggestive of myocardial infarction or myocardial ischae-
mia [5]. Left ventricular hypertrophy was diagnosed by
Sokolow—Lyon voltage criteria. Arterial blood pressure was
measured twice with a Hawksley random-zero sphygmo-
manometer and appropriate cuff size following at least a
10-min supine rest. Diabetic retinopathy was assessed in all
patients by direct ophthalmoscopy after pupillary dilatation
and graded as nil, simplex or proliferative retinopathy.
Urinary albumin concentration was measured by RIA [12]
from 24-h urine collections. Patients were classified as
having normoalbuminuria (albumin excretion <30 mg/
24 h), microalbuminuria (30-299 mg/24 h) or macro-
albuminuria (>300 mg/24 h) according to established
guidelines [13]. Blood was taken in the non-fasting state.
HbA . levels were determined by an isoelectric focusing
method [14] (normal range: 4.1-6.1%), serum creatinine by
a kinetic Jaffé method, and serum cholesterol by standard
methods. Glomerular filtration rate was estimated by the
Modification of Diet in Renal Disease equation [15].

Measurements of NT-proBNP

After the patients had been at rest for at least 10 min in the
supine position, blood samples for determination of NT-
proBNP were collected in citrated tubes and centrifuged and
plasma stored at —80°C until analysis. Although the stability
of NT-proBNP after 15+ years of storage is not known, all
samples were treated and stored under the same conditions.
Plasma concentrations of NT-proBNP were measured by a
sandwich immunoassay on an Elecsys 2010 (Roche Diag-
nostics, Basel, Switzerland). The intra-assay variation was
below 3.0% and the total CV ranges between 2.2 and 5.8% in
low and high ranges of NT-proBNP. Upper limits of normal
NT-proBNP have been determined to be 84 ng/l in men and
146 ng/l in women [16].

Follow-up
All patients were traced through the National Register
during summer 2004. If a patient had died before 1 January

2004 the date of death was recorded and information on the
cause of death obtained from the death certificate. All death
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certificates were reviewed independently by two observers
and the primary cause of death recorded. Additional
available information from necropsy reports was included.
All deaths were classified as cardiovascular deaths unless
an unequivocal non-cardiovascular cause was established
[17]. The quality of data does not allow for classification of
heart failure as a separate cause of death.

Statistical analysis

All time-to-death variables were analysed with a log-rank
test and displayed on Kaplan—Meier plots according to the
presence of nephropathy and/or tertiles of NT-proBNP
levels. Cox regression analysis was used to analyse the
relationships between baseline normo-, micro- and macro-
albuminuria and NT-proBNP levels divided into tertiles on
the one hand and mortality/cardiovascular mortality on the
other. The relationships were first analysed without adjust-
ment and then after adjustment for the following pre-
specified baseline cardiovascular risk factors: sex, age,
urinary albumin excretion rate, glomerular filtration rate,
smoking status, known ischaemic heart disease, left
ventricular hypertrophy on ECG, systolic blood pressure
and serum cholesterol. Results are described as hazard
ratios with 95% ClIs without or with adjustment for other
factors that might affect prognosis. A Cox proportional
hazards regression model with backwards selection intro-
ducing all the above mentioned risk factors was used to
evaluate the relative contributions of covariates to mortality,
correcting for duration of follow-up.

Analyses of the relationship at baseline between NT-
proBNP and normo-, micro- or macroalbuminuria were
adjusted for sex, age, systolic blood pressure and glomer-
ular filtration rate. For simplicity, these analyses are
presented according to median NT-proBNP. Outcome
variables that were not normally distributed were log-
transformed before analysis and given as medians (inter-
quartile range [IQR]); otherwise means (SD) are presented.
Two-tailed p values <0.05 were considered statistically
significant. Calculations were performed with SPSS version
12.0 (SPSS, Chicago, IL, USA). Areas under the receiver
operator characteristic (ROC) curves and their 95% Cls
were estimated and compared using ‘roccomb’ in STATa
8.0 (StataCorp, College Station, TX, USA).

Results

After a median follow-up of 15.5 years (range: 0.2-17.0),
162 of the 315 (51%) type 2 diabetic patients had died, 119
(74%) due to cardiovascular causes.

The patients were divided into subgroups according to
tertiles of NT-proBNP (Table 1). Patients with NT-proBNP
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in the upper tertiles were older (p<0.001) and had more
advanced nephropathy (p<0.001) and retinopathy
(»<0.001), lower haemoglobin levels and a higher preva-
lence of ischaemic heart disease at baseline (p<0.05). NT-
proBNP levels did not differ between sexes (NS). At
baseline, five patients received treatment for heart failure;
exclusion of these patients before further analyses did not
alter results.

Figure 1 shows Kaplan—-Meier curves for overall
mortality in patients according to tertiles of NT-proBNP.
During follow-up, 31 (30%) patients in the lowest, 47
(44%) in the middle and 84 (80%) patients in the upper
tertile died (p<0.001). Hazard ratios (95% CI) for death in
the second and third tertile as compared with the first tertile
were 1.70 (1.08-2.67) and 5.19 (3.43-7.88), respectively
(p<0.001). All conventional risk factors, i.e. known
ischaemic heart disease, smoking, systolic blood pressure
and serum cholesterol were associated with mortality after
adjustment for sex and age. Especially, micro- and macro-
albuminuria were strongly associated with mortality, with
hazard ratios of 1.98 (1.39-2.82) and 3.33 (2.24-4.96),
respectively (p<0.001). The NT-proBNP risk estimates
were lowered by adjustment for urinary albumin excretion
rate, glomerular filtration rate and conventional cardiovas-
cular risk factors; covariate adjusted hazard ratios were 1.46
(0.91-2.33) and 2.54 (1.56-4.14) in the second and third
tertiles, respectively (p<0.001). In particular, the interac-
tions between NT-proBNP and glomerular filtration rate
and urinary albumin excretion rate were not significant. In
accord, only minor (<5%) changes in risk estimates of NT-
proBNP were observed with the introduction of adjustment
for kidney parameters.

The increased mortality was attributable to more
cardiovascular deaths in the second and third NT-proBNP
tertile (unadjusted hazard ratios 1.63 [0.96-2.77] and 4.88
[3.01-7.91], p<0.001; covariate adjusted 1.37 [0.79-2.37]
and 2.26 [1.27-4.02], p=0.01 [Fig. 2]).

Cox regression analyses including NT-proBNP concen-
tration as a continuous variable revealed an adjusted hazard
ratio for all-cause mortality for a tenfold increase in NT-
proBNP of 2.55 (1.72-3.80) (p<0.001).

Since a strong association exists between elevated
urinary albumin excretion rate and mortality in type 2
diabetes, further analyses of the relationship between NT-
proBNP and mortality were performed in subgroups of
patients with normo-, micro and macroalbuminuria. In
comparison with the normoalbuminuric group, plasma
NT-proBNP concentrations were elevated in patients with
microalbuminuria and macroalbuminuria (median [IQR]):
53 (28-95); 82 (40-222); and 136 (36-524) ng/l, respec-
tively (p<0.001). This difference persisted after adjustment
for differences in glomerular filtration rate. In the normoal-
buminuric group, 76 patients (40%) died, whereas 50
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Table 1 Baseline clinical and laboratory characteristics of 315 type 2 diabetic patients according to tertiles of NT-proBNP

First tertile (n=104)

Second tertile (»=106)  Third tertile (»=105) p

Sex (male/female) 72/32 62/44 60/45 0.14
Age (years) 50.4 (9.1) 53.6 (8.5) 58.2 (6.8) <0.001
Known duration of diabetes (years) 5 (2-11) 5 (2-10) 8 (4-14) 0.22
Retinopathy (nil/simplex/proliferative) 82/11/11 71/14/21 57/12/36 <0.001
Known ischaemic heart disease 6 14 40 <0.001
Treated for heart failure 0 5 0.01
Left ventricular hypertrophy on ECG 3 3 7 0.28
Antihypertensive medication 29 39 51 0.008
BMI (kg/m?) 28.9 (4.9) 28.6 (5.1) 28.4 (5.2) 0.80
HbA,. (%) 8.3 (1.9) 7.8 (1.6) 8.2 (2.1) 0.20
Nephropathy (normo-/micro-/macroalbuminuria) 71/20/13 72/25/9 45/35/25 <0.001
Urinary albumin excretion (mg/24 h) 17 (6-48) 14 (6-53) 45 (11-216) <0.001
Serum creatinine (pmol/l) 74 (63-84) 73 (63-88) 80 (69-98) <0.001
Estimated glomerular filtration rate (ml min ' [1.73 m*]™") 100 (82-116) 94 (78-106) 81 (69-93) <0.001
Systolic blood pressure (mmHg) 141 (18) 150 (21) 160 (25) <0.001
Diastolic blood pressure (mmHg) 84 (10) 86 (11) 86 (13) 0.27
Serum cholesterol (mmol/1) 6.4 (1.6) 6.2 (1.6) 6.5 (1.8) 0.56
Serum HDL-cholesterol (mmol/l) 1.3 (1.3) 1.4 (1.7) 1.1 (0.4) 0.23
Serum triglycerides (mmol/1) 2.1 (1.3-3.2) 1.8 (1.2-3.0) 1.8 (1.2-2.7) 0.31
Haemoglobin (mmol/1) 10.1 (0.8) 9.9 (0.8) 9.5 (0.9) <0.001
Smokers (%) 50 44 47 0.17
NT-proBNP (ng/l) 23 (17-32) 62 (52-80) 231 (139-428) -

Data are n, means (SD) or medians (IQR)

microalbuminuric (63%) and 36 macroalbuminuric (77%)
patients died during follow-up (p<0.001). NT-proBNP
levels above the median level (62 ng/l) for the entire
population were significantly associated with increased
mortality (Fig. 3) and cardiovascular mortality in all three
groups of urinary albumin excretion rate.
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Fig. 1 Kaplan—Meier curves of all-cause mortality in 315 type 2
diabetic patients according to tertiles of NT-proBNP. Black line, upper
tertile (NT-proBNP >103 ng/l); dark-blue line, middle tertile; light-
blue line, lower tertile (NT-proBNP <41 ng/l). Log-rank test for
overall difference, p<0.0001

The overall (p=0.69, Fig. 3) and cardiovascular mortality
(»=0.42) in patients with macroalbuminuria and a plasma
NT-proBNP level below the median were not statistically
different from the normoalbuminuric group with NT-
proBNP above 62 ng/l. A Cox proportional model for
mortality is shown in Table 2.

The mean AUCs (95% CI) for the ROC curves for NT-
proBNP and urinary albumin excretion rate were 0.76
(0.70-0.81) and 0.66 (0.60-0.72), respectively (p=0.01)
(Fig. 4). Accordingly, the AUC for traditional cardiovascu-
lar risk factors (without NT-proBNP) was 0.82 (0.78-0.87)
and in a model with traditional risk factors and NT-proBNP
it was 0.84 (0.80-0.89) (Fig. 4). At a cut-off value of 62 ng/l,
the sensitivity of a single measurement of NT-proBNP for
prediction of overall mortality was 69%, whereas the
specificity was 70%. The positive and negative predictive
values were 71 and 68%, respectively.

Discussion

Our 15-year prospective observational follow-up study
revealed plasma NT-proBNP to be a strong and indepen-
dent risk marker for all-cause and cardiovascular mortality
in type 2 diabetic patients. Importantly, these associations
were not only independent of conventional cardiovascular
risk factors including known ischaemic heart disease, but
also of elevated urinary albumin excretion rate and kidney
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Fig. 2 Kaplan—Meier curves of cardiovascular mortality in 315 type 2
diabetic patients according to tertiles of NT-proBNP. Black line, upper
tertile (NT-proBNP >103 ng/l); dark-blue line, middle tertile; light-
blue line, lower tertile (NT-proBNP <41 ng/l). Log-rank test for
overall difference, p<0.0001

function. Analyses of the relationship between NT-proBNP
and outcome in subgroups of patients with normo-, micro-
and macroalbuminuria revealed that a NT-proBNP level
above the median value (62 ng/l) was associated with
increased all-cause and cardiovascular mortality in all three
groups of urinary albumin excretion rate. Interestingly, type 2
diabetic patients with macroalbuminuria and a NT-proBNP
value below the median value had a survival rate
comparable with that of normoalbuminuric type 2 diabetic
patients with NT-proBNP levels above 62 ng/l. These
results thus confirm and extend currently available infor-
mation on NT-proBNP as a marker of cardiovascular risk in

100 4
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. 80 Micro = 62 ng/l
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= 70 -
B
5 60 - Normo > 62 ng/l
E 50 1 Macro < 62 ng/l
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2 40
= . Micro < 62 ng/l
& 301 Normo < 62 ng/l
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0 - =

0 2 4 6 8 10 12 14 16 18

Follow-up (ycars)

Fig. 3 Kaplan—Meier curves of all-cause mortality in 315 type 2
diabetic patients according to urinary albumin excretion rate and
median NT-proBNP for the entire cohort (62 ng/l). Log-rank test for
overall difference, p<0.0001
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high-risk populations [6, 7] to the general type 2 diabetic
population.

The interaction between cardiac disease and nephropathy
in diabetes has attained increasing recognition [18]. So far,
elevated urinary albumin excretion rate has been shown to
be the most consistent independent predictor of adverse
outcomes in type 1 and type 2 diabetic patients [8, 19]. In
the present study, the predictive value of NT-proBNP on
overall mortality was found to be of at least similar
magnitude. The kidney also seems to play a role in the
clearance of natriuretic peptides, as reflected in the
consistent finding of elevated BNP and NT-proBNP levels
in diabetic patients with elevated urinary albumin excretion
rates in the present and previous studies [6, 20-22]. Our
data, however, suggest that only a part of the increased
cardiovascular risk in diabetic patients with abnormal
urinary albumin excretion rate can be attributed to impaired
kidney function, and that NT-proBNP is a risk marker for
increased mortality in type 2 diabetic patients with normo-,
micro- and macroalbuminuria independently of glomerular
filtration rate and level of urinary albumin excretion rate.

The Framingham Heart Study [23] showed that inci-
dence of heart failure for diabetic men was twofold higher
than for non-diabetic people and fivefold higher for diabetic
vs non-diabetic women. Data from the Breathing Not
Properly Multinational Trial furthermore suggest that the
prognostic value of BNP in patients who present acutely
with dyspnoea is not confounded by the presence of
diabetes [24].

Table 2 Cox proportional hazard model of baseline risk factors for
all-cause mortality in 315 type 2 diabetic patients followed for
15.5 years

Relative risk p
(95% CI)

NT-proBNP <0.001
(vs lower tertile)
Middle tertile

Upper tertile

1.52 (0.95-2.41)
2.73 (1.71-4.35)

Nephropathy <0.001
(vs normoalbuminuria)

Microalbuminuria 1.62 (1.12-2.35)
Macroalbuminuria 2.66 (1.74-4.06)

Known ischaemic heart disease 2.13 (1.48-3.07) <0.001
(yes vs no)

Age (per year increase) 1.08 (1.05-1.11) <0.001
Sex (male vs female) 1.64 (1.14-2.37) 0.008
Smoking (yes vs no) 1.41 (1.02-1.94) 0.04
LVH on ECG (yes vs no) 2.04 (1.01-4.12) 0.05
Serum cholesterol 1.09 (0.99-1.20) 0.07

(per 1 mmol/l increase)

Not included in the final model: systolic blood pressure, glomerular

filtration rate

LVH Left ventricular hypertrophy
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Fig. 4 ROC curves demonstrating the relative ability of NT-proBNP
and urinary albumin excretion rate (UAER) to predict overall mortality.
The AUC (mean [95% CI]) for NT-proBNP (pink line) was 0.76 (0.70—
0.81) and for UAER (orange line) 0.66 (0.60-0.72) (p=0.01). The
AUC for traditional cardiovascular risk factors (without NT-proBNP;
green line) was 0.82 (0.78—0.87) and in a model with traditional risk
factors and NT-proBNP (blue line) it was 0.84 (0.80—0.89)

While early detection of left ventricular dysfunction
enables administration of treatment that can improve
survival and well-being [25, 26], early ventricular abnor-
malities may be difficult to diagnose, especially in patients
with diabetes, as these patients are often asymptomatic or
have non-specific symptoms, and physical examinations are
frequently inconclusive. The use of natriuretic peptides in
screening programmes for preclinical left ventricular dys-
function in community settings has been debated [27, 28].
However, in high-risk diabetic populations, measurements
of BNPs suggest the presence of left ventricular hypertro-
phy [29, 30] and diastolic and systolic dysfunction [31],
and predict future cardiovascular morbidity [7] and mortal-
ity (present study) [6, 32]. Data on heart function are
limited in the present study, since echocardiographies were
not performed and the prevalence of ECG-detected left
ventricular hypertrophy is low. In a recent study of diabetic
patients with diabetic nephropathy, NT-proBNP was found
to be closely correlated with left ventricular mass index
measured by magnetic resonance scanning [33].

A recent community-based study [3] found a single
determination of BNP to provide additional prognostic
information and suggested BNP was elevated before the

onset of clinically apparent cardiovascular disease in a
predominantly (90%) non-diabetic population. In accord
with a study of male type 2 diabetic veterans [32], and also
based on one measurement, our cohort study of type 2
diabetic patients suggests that in clinical practice BNP and
NT-proBNP could be useful for the identification of
patients with a hitherto unknown high risk of death. These
patients might benefit from even more aggressive manage-
ment of established cardiovascular risk factors and selective
referral for further cardiology follow-up. As reported from
other studies of asymptomatic patients [3], the relative risk
of death and cardiovascular events was more than doubled
at NT-proBNP values well below those currently consid-
ered diagnostic for heart failure. Based on existing data
from diabetic populations and the ROC curve (Fig. 4) a NT-
proBNP cut-off value of 62 ng/l is suggested. The clinical
impact of programmes concerned with diagnosis, classifi-
cation and cardioprotective treatments, however, remains to
be investigated.

BNP is synthesised predominantly in the ventricular wall
in response to increased myocyte stretch following volume
expansion, pressure overload or increased cardiac chamber
wall stress. Although the present study was not designed to
study possible biological mechanisms for increased BNP
levels, other studies have demonstrated fluid retention,
blood pressure elevation, silent myocardial ischaemia and
left ventricular hypertrophy to be frequent in patients with
diabetes [34].

The present study adds new information on overall and
cardiovascular mortality to data on cardiovascular morbid-
ity from a previous study reporting from a clinical trial [7].
The strengths of our study include its prospective long-term
design, the unselected diabetes clinic-based patient popula-
tion, and the completeness of follow-up. Limitations
include its relatively small size, lack of echocardiographic
examinations, and changes in treatment guidelines during
follow-up, which may have diluted the influence of
conventional cardiovascular risk factors such as blood
pressure and serum lipids.

In conclusion, in patients with type 2 diabetes, elevated
circulating NT-proBNP is a strong predictor of excess
overall and cardiovascular mortality, independently of
urinary albumin excretion rate and conventional cardiovas-
cular risk factors. The measurement of NT-proBNP adds
prognostic information and thus could help to guide
management of cardiovascular complications in type 2
diabetic patients.
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