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Abstract. Melander O, Frandsen E, Magnusson M,
Grubb A, Jovinge S, Groop L (Malmé University
Hospital, Lund University, Malmo, Sweden; Glostrup
Hospital, Glostrup, Denmark; and University
Hospital, Lund, Sweden). Nt-proANP in plasma, a
marker of salt sensitivity, is reduced in type 2
diabetes patients. J Intern Med 2005; 257: 281-288.

Objective. We recently showed that plasma
concentration of N-terminal atrial natriuretic
peptide (Nt-proANP) is strongly directly related to
salt sensitivity. The aims of the present study were to
test (i) whether plasma concentration of N-terminal
brain natriuretic peptide (Nt-proBNP) is related to
salt sensitivity and (ii) whether Nt-proANP, as a
marker of salt sensitivity, differs between type 2
diabetes patients and nondiabetic subjects without a
history of coronary heart disease.

Methods. Nt-proBNP was determined in 30 Swedish
normal subjects with heredity for primary
hypertension and salt sensitivity was defined as the
difference between mean arterial blood pressure
after 1 week on a high-salt diet (240 mmol day™')
and 1 week on a low-salt diet (10 mmol day ).

Nt-proANP was measured in 253 patients with type
2 diabetes and in 230 nondiabetic subjects aged
40-70 years, all without a history of coronary heart
disease.

Results. Amongst the 30 subjects, in whom salt
sensitivity was directly measured, Nt-proBNP was
not correlated with salt sensitivity (R = —0.18, P =
0.35). Nt-proANP (median, interquartile range) was
lower in patients with type 2 diabetes (505, 387—
661 pmol L™!) than in nondiabetic subjects (536,
421-696 pmol L™') (P =0.02). In a multiple
regression analysis heart rate (P < 0.00001),
diastolic blood pressure (P = 0.02) and diabetes
status (P = 0.02) were inversely related whereas
age (P < 0.00001), cystatin C (P = 0.0006),
hypertension treatment (P = 0.002) and female sex
(P = 0.006) were directly related to In(Nt-proANP).
Conclusion. In contrast to Nt-proANP, Nt-proBNP is
not related to salt sensitivity. Salt sensitivity, as
estimated by Nt-proANP, seems to be reduced in
type 2 diabetes.

Keywords: hypertension, N-terminal atrial natri-
uretic peptide, salt sensitivity, type 2 diabetes.

Introduction

As a consequence of new guidelines suggesting
lower blood pressure limits for the diagnosis of
hypertension and lower blood pressure treatment
goals [1, 2], a substantial proportion of the general
population will be considered for antihypertensive
treatment. The majority of these patients have mild
hypertension, a category well suited for nonphar-
macological antihypertensive treatment alone or in
combination with pharmacological treatment. Mod-
erate dietary salt restriction is effective in reducing
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blood pressure in patients with mild hypertension in
both Blacks and Whites [3]. As the majority of the
ingested salt is added during industrial food process-
ing, whereas salt added at the table and during
cooking constitutes a minor source [4], a successful
dietary low-salt intervention requires careful educa-
tion of the patients of which products can be used. In
addition, the blood pressure-lowering effect of salt
restriction, i.e. the degree of salt sensitivity, varies
substantially between individuals [5]. As salt sensi-
tivity testing is expensive and cumbersome to
perform in clinical practice, a surrogate marker of
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salt sensitivity would be of great value in order to
focus treatment with dietary salt restriction to those
patients who are likely to benefit the most from this
intervention.

The 126-amino acid peptide atrial natriuretic
peptide pro-hormone (proANP;_1,¢) is synthesized
and stored in atrial myocytes [6]. Upon distension of
the cardiac atria, proANP;_;,¢ is cleaved and equi-
molar amounts of the C-terminal fragment
proANPgg_15¢ (ANP) and an N-terminal fragment
(proANP;_gg) are secreted from the atria. The
N-terminal fragment is subsequently cleaved into
smaller peptide fragments [7], which have natriuret-
ic, diuretic, blood pressure-lowering and kaliuretic
properties [7, 8]. ANP is a potent mediator of
natriuresis and vasodilatation [9]. Whereas ANP is
rapidly removed from the circulation [10], the
N-terminal fragments, such as the proANP_3, frag-
ment (Nt-proANP), which is also termed long-acting
natriuretic peptide and has strong salt-excreting
properties itself [7, 8], are stable and remain in the
circulation at manifold higher concentrations than
ANP [11]. Nt-proANP measured in peripheral plasma
is therefore less prone to fluctuation and may thus be
a more reliable measure of atrial ANP secretion than
peripheral plasma concentration of ANP itself. We
recently showed that in subjects with heredity for
hypertension, Nt-proANP is strongly related to salt
intake and to degree of salt sensitivity (whether or not
salt intake had been standardized when Nt-proANP
was measured) [5], suggesting that Nt-proANP could
be used as a surrogate marker of salt sensitivity.

Brain natriuretic peptide is produced in the
ventricles by cleavage of its pro-hormone (proB-
NP;_108) to the biologically active C-terminal frag-
ment proBNP;;_10s (BNP) and a biologically
inactive N-terminal fragment corresponding to the
first 76 amino acids of proBNP;_;gg (Nt-proBNP)
[11]. Many of the actions of BNP are similar to those
of ANP, and it has been suggested that Nt-proBNP,
BNP and Nt-proANP are better in detecting early
congestive heart failure when compared with ANP,
but there is controversy in the literature as to which
one of Nt-proBNP, BNP or Nt-proANP is most useful
as marker for early congestive heart failure [12-14].
However, the relation between Nt-proBNP and salt
sensitivity is not known. The first aim of the present
study was therefore to examine whether Nt-proBNP,
like Nt-proANP, is related to the degree of salt
sensitivity.

Hypertension is present in as much as 70% of
patients with type 2 diabetes, thus being consider-
ably more common than in the nondiabetic popu-
lation [15]. In addition, blood pressure reduction
beyond what is recommended in nondiabetics has
proved fruitful for prevention of cardiovascular
disease in hypertensive patients with type 2 diabetes
[1, 2]. The reason for the increased prevalence of
hypertension in type 2 diabetes is unknown. One of
the main hypotheses is that hyperinsulinaemia,
secondary to peripheral insulin resistance, causes
sodium retention in the kidney that in turn could
lead to salt-sensitive hypertension [16]. The second
aim of this study was to investigate whether the
degree of salt sensitivity differs between patients
with type 2 diabetes and nondiabetic subjects,
neither of the two groups having a history of
coronary heart disease. As a surrogate measure of
the degree of salt sensitivity, we used the plasma
concentration of Nt-proANP [5].

Method

Subjects and phenotyping

The study was approved by the ethics committee of
Lund University. The subject description and salt
sensitivity phenotyping procedure of the 30 subjects
in whom Nt-proBNP was related to the degree of salt
sensitivity have been described in detail previously
[5]. In brief, 13 men and 17 women, who had at least
one first-degree relative with primary hypertension
but were free from medication, diabetes and other
chronic diseases, were investigated at baseline and
after 1 and 2 weeks. After the baseline investigation,
the study subjects were given a low-salt diet
(10 mmol sodium and 70 mmol potassium per day)
for 1 week. During the second week, sodium chloride
capsules (230 mmol day ') were added to the diet to
achieve a high salt intake of 240 mmol day . Urine
samples (24 h) were collected before the baseline
investigation and at the end of the high- and low-salt
diet weeks. The diet was prepared by a dietician and
the daily energy intake was adjusted according to
body weight and gender (8400-11 760 kJ). The
study subjects received all meals and drinks from a
metabolic ward and were not allowed to eat or drink
anything else during the study period. Salt sensitivity
was defined as the difference between mean arterial
blood pressure (diastolic blood pressure plus
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one-third of the pulse pressure) after the
high- (240 mmol day ') and low- (10 mmol day ™)
salt diet weeks. The study subjects’ mean (+SD) age
was 48.1 £ 6.7 years, body mass index (BMI)
26.8 * 3.6 kg m % and baseline systolic and diastolic
blood pressure 135 % 12 mmHg and 83.4 %
7.3 mmHg. Fasting plasma samples for analysis of
Nt-proBNP were drawn in the morning under base-
line conditions, i.e. before salt intake had been
standardized [5].

In order to test whether Nt-proANP, as a marker
of degree of salt sensitivity, is affected by the
presence of type 2 diabetes, we studied 253 patients
with type 2 diabetes and 230 nondiabetic subjects
who were recruited from primary healthcare centres
in the Botnia region in western Finland and in
southern Sweden [17]. Type 2 diabetes was diag-
nosed according to World Health Organization
criteria from 1985 [18] and the age at onset of the
disease ranged between 40 and 66 years of age. All
nondiabetic subjects had normal glucose tolerance
according to an oral glucose tolerance test [18] and
none had any first-degree relative with type 2
diabetes. All subjects underwent a physical exam-
ination and a standardized health questionnaire,
with special emphasis on cardiovascular disease,
was completed by specially trained nurses, as
previously described [19]. Fasting blood samples
were drawn for analysis of Nt-proANP, creatinine,
cystatin C and glycated haemoglobin (HbAlc). To
avoid disease states that may cause elevation in
Nt-proANP independently of salt sensitivity, such as
heart disease [12] and renal failure [20], the
inclusion criteria in the present study were (i) no
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history of coronary heart disease [19], (ii) no use of
digitalis or nitrates and (iii) serum creatinine
<140 pmol L. As Nt-proANP is eliminated from
the blood by glomerular filtration we measured
plasma concentration of cystatin C, a more sensitive
marker of glomerular filtration rate (GFR) than
serum creatinine [21], in order to be able to take
into account differences in GFR within the range of
serum creatinine levels of the study subjects.

Blood pressure and heart rate were measured
twice in the right arm in the seated position after
30 min rest and the mean value of the two
recordings was calculated. Korotkoff sounds corres-
ponding to ‘phase I' was used to define the systolic
and ‘phase V’ the diastolic blood pressure. BMI was
calculated after body weight and height were
measured with subjects in light clothing without
shoes. The clinical characteristics of the study
subjects are shown in Table 1.

Biochemical assays

Plasma Nt-proBNP was measured using a commer-
cial enzyme immunoassay (Biomedica, Wien, Aus-
tria). Plasma Nt-proANP was measured as described
previously [5]. HbAlc concentration in the blood
was measured by high-pressure liquid chromato-
graphy and serum creatinine was analysed with a
kinetic method (Kone Oy Reag, Espoo, Finland).
Cystatin C in plasma was measured by a fully
automated particle-enhanced turbidimetric assay on
undiluted samples [22, 23] using a Behring BN

Table 1 Clinical characteristics of
nondiabetic subjects and type 2
diabetes patients with no history of
coronary heart disease

ProSpec analyser (Dade Behring, Marburg,
Germany) and a calibrator (DakoCytomation,
Nondiabetic Type 2 diabetes
subjects patients
Variable (n = 230) (n = 253) P-value
Age (years) 58.0 £ 6.7 58.6 £ 6.3 0.25
Sex (% females) 60.9 51.4 0.04
Body mass index (kg m™2) 26.5 4.2 29.0 £ 5.0 <0.00001
Systolic blood pressure (mmHg) 134 £ 19.7 145 + 18.3 <0.00001
Diastolic blood pressure (mmHg) 81.4+9.9 83.8 £ 10.0 0.007
Antihypertensive treatment (%) 12.6 40.3 <0.00001
Heart rate (b min™") 63.4 £ 14.2 69.5 £ 13.5 <0.00001
Creatinine (pmol L 86.8 £ 13.8 85.9 + 15.1 0.35
Cystatin C (umol L") 1.14 £ 0.21 1.11 £ 0.24 0.03
HbAlc (%) 5.3 £0.42 83+1.3 <0.00001
Diabetes duration (years) n.a. 8.1+5.5 n.a.

n.a., not applicable

© 2005 Blackwell Publishing Ltd Journal of Internal Medicine 257: 281-288



284 O. MELANDER et al.

Glostrup, Denmark). Urine concentration of sodium
was measured by standard biochemical methods.

Statistics

For normally distributed continuous variables t-test
was used to compare group mean values, whereas
Mann—Whitney test was used otherwise. Chi-square
test was used for comparisons of group frequencies.
Due to skewed distribution of the Nt-proBNP resi-
duals, Spearman’s correlation analysis was used to
estimate the correlation between Nt-proBNP and the
degree of salt sensitivity. Multiple regression analy-
ses were performed to detect independent effects of
various variables on Nt-proANP. As the residuals of
the dependent variable (Nt-proANP) were skewly
distributed, the natural logarithm of Nt-proANP
values [In(Nt-proANP)] was used in the analysis. All
analyses were performed using an NCSS statistical
software (version 6.0.21, Statistical Solutions Lim-
ited, Cork, Ireland). Throughout, two-sided tests
were used and P < 0.05 was considered statistically
significant.

Results

Salt sensitivity, Nt-proBNP and Nt-proANP in
normotensive subjects with heredity for hypertension

Amongst the normotensive subjects with heredity
for hypertension, in whom salt sensitivity was
directly measured, the median (interquartile range)
concentration of Nt-proBNP at baseline was
173 pmol L' (range 140-232). The systolic, dia-
stolic and mean arterial blood pressure, respectively,
were 124 + 10, 77.1 = 6.8 and 92.6 = 7.2 mmHg
after the low-salt diet and 136 £ 17, 82.1 £ 7.7
and 99.9 £ 10 mmHg after the high-salt diet. The
24-h urinary sodium excretion was 157 £ 72 mmol
at baseline, 10.2 £ 5.6 mmol after the low-salt diet
and 223 £ 62 mmol after the high-salt diet, indi-
cating good compliance. There was no correlation
between Nt-proBNP at baseline and the degree of
salt sensitivity (R = —0.18, P = 0.35). Before intro-
ducing Nt-proANP as a surrogate marker of salt
sensitivity in the material of type 2 diabetes patients
and nondiabetic subjects with no history of coronary
heart disease (Table 1), we extended our previous
analysis, which showed a strong direct correlation
between Nt-proANP and salt sensitivity in

normotensive subjects with heredity for hyperten-
sion [5], in order to investigate whether salt sensi-
tivity was the strongest determinant of Nt-proANP
independently of potential confounding factors. In a
multiple regression analysis with In(Nt-proANP) as
the dependent variable and the degree of salt
sensitivity, age, sex, BMI, heart rate, serum creati-
nine and systolic and diastolic blood pressure as
independent variables, salt sensitivity was directly
related (P = 0.00002) and heart rate was inversely
related (P = 0.02) to In(Nt-proANP) whereas none
of the other variables had any independent effect on
In(Nt-proANP).

Nt-proANP as a marker of degree of salt sensitivity in
type 2 diabetes patients and nondiabetic subjects,
without a history of coronary heart disease

Nt-proANP (median, interquartile range) was lower
in patients with type 2 diabetes (505, 387-
661 pmol L™!) than in nondiabetic subjects (536,
421-696 pmol L) (P = 0.02) (Fig. 1). We then
performed a multiple regression analysis with In(Nt-
proANP) as the dependent variable and diabetes
status, age, sex, BMI, cystatin C, heart rate, hyper-
tension treatment and systolic and diastolic blood

3000
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‘_I'A
2000
@]
=)
B
=9 o)
2 : ;
g, B 0
= 1000+
Z
0
Nondiabetic Diabetic
subjects patients

Fig. 1 Box plots of distributions of Nt-proANP in nondiabetic
subjects and diabetes patients showing median, interquartile
range and range. Circles indicate outliers and *’ indicates extreme
values.
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Table 2 Multiple regression analy-

sis with In(proANP;_s0) as All subjects (n = 483) Subjects without AHT (n = 352)
dependent variable in all subjects . .
K . R K Regression Regression

and .m subjects without antihyper- Independent variables coefficient (SE) P-value coefficient (SE) P-value

tensive treatment
Type 2 diabetes® —0.087 (0.038) 0.02 —0.086 (0.041) 0.04
Age (years) 0.013 (0.0028) <0.00001 0.013 (0.0032) 0.00004
Cystatin C (umol L™) 0.26 (0.075) 0.0006 0.19 (0.085) 0.03
SBP (mmHg) 0.0015 (0.0011) 0.15 0.0017 (0.0013) 0.18
DBP (mmHg) -0.0047 (0.0020) 0.02 —0.0050 (0.0023) 0.03
AHT® 0.13 (0.041) 0.002 n.a. n.a.
Heart rate (b min_]) —0.0058 (0.0012) <0.00001 —0.0048 (0.0013) 0.0003
Sex® 0.096 (0.035) 0.006 0.11 (0.039) 0.004

BMI (kg m~?)

—-0.0035 (0.0038) 0.35 —-0.0044 (0.0045) 0.33

AHT, antihypertensive treatment; SE, standard error; SBP, systolic blood pressure; DBP, diastolic
blood pressure; BMI, body mass index; n.a., not applicable. *Absence (=0) or presence (=1) of type 2

diabetes; Pabsence (=0) or

pressure as independent variables. Age, cystatin C,
hypertension treatment, and female sex were signi-
ficantly directly related whereas heart rate, diastolic
blood pressure and diabetes status were significantly
inversely related to In(Nt-proANP) (Table 2).
Nt-ProANP (median, interquartile range) was signi-
ficantly higher in subjects on antihypertensive
treatment than in subjects not receiving such
treatment amongst nondiabetic subjects (698,
513-841 pmol L' vs. 522, 415-669 pmol L™;
P = 0.004). Amongst patients with diabetes
Nt-ProANP was borderline significantly higher in
patients with as compared with patients without
antihypertensive  treatment (524, 396-730
pmol L™! vs. 499, 371-613 pmol L™; P = 0.07).
When patients on antihypertensive treatment were
excluded, type 2 diabetes patients still had signifi-
cantly lower Nt-proANP (median, interquar-
tile range) than nondiabetic subjects (499,
371-613 pmol L™! vs. 522, 415-669 pmol L';
P = 0.02). In addition, after exclusion of subjects
on antihypertensive treatment, the results of the
multiple regression analysis remained virtually
unchanged with diabetes status as a significant
determinant of In(Nt-proANP) (Table 2).

Discussion

Nt-proBNP, Nt-proANP and salt sensitivity

In contrast to our previous study showing a strong
direct relationship between Nt-proANP and salt
sensitivity [5], we found no relationship between
Nt-proBNP and salt sensitivity in the same material,

presence (=1) of AHT; “male sex (=0) or female sex (=1).

suggesting that variation of these two peptides, at
least in part, reflect different underlying phenotypes.
Whereas Nt-proANP seems better as a marker for
salt sensitivity, Nt-proBNP and BNP (BNPs) as well
as Nt-proANP all seem to be useful in detecting early
congestive heart failure [12—-14]. In addition, BNPs
appear to be good markers of left ventricular
hypertrophy [24-26]. In humans Nt-proANP pri-
marily reflects left atrial pressure whereas BNPs are
more closely related to left ventricular mass [27].
This is supported by both in vitro and in vivo
experimental studies indicating that ANPs reflect the
degree of atrial hemodynamic overload whereas
brain natriuretic peptides reflect the degree of
ventricular hypertrophy [28]. Thus, although echo-
cardiography was not performed in this study, the
lack of a relationship between Nt-proBNP and salt
sensitivity argues against left ventricular hypertro-
phy as a major determinant of salt sensitivity.
Instead we suggest that apart from, by definition,
being a condition characterized by blood pressure
changes in response to changes in sodium intake,
salt sensitivity is a chronic state of volume expan-
sion leading to elevated Nt-proANP due to increased
transmural atrial pressure. Further indications that
elevations in Nt-proANP and BNPs reflect partially
different underlying phenotypes comes from their
opposite relations with plasma renin activity (PRA).
Whereas salt sensitivity is accompanied by high Nt-
proANP [5] and low PRA [29], the latter probably
reflecting negative feedback to counteract hyper-
reabsorption of sodium at the level of the renal
tubules, left ventricular hypertrophy is associated
with high BNPs [24] and high PRA [30]. Thus,

© 2005 Blackwell Publishing Ltd Journal of Internal Medicine 257: 281-288
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whereas BNPs seem to be excellent in detecting left
ventricular hypertrophy and congestive heart failure
[12, 24-26], our present and previous data [5]
suggest that Nt-proANP is preferable in estimating
the degree of salt sensitivity.

Nt-proANP, as a marker of degree of salt sensitivity, in
type 2 diabetes patients and nondiabetic subjects without
a history of coronary heart disease

In line with previous studies [31, 32] age, female sex
and cystatin C were directly related, whereas heart
rate and diastolic blood pressure were inversely
related to Nt-proANP (Table 2). In addition, being
on treatment with antihypertensive agents was
associated with higher Nt-proANP (Table 2). Despite
a number of typical clinical differences between the
type 2 diabetes patients and the nondiabetic subjects
(Table 1) the diabetic phenotype remained inde-
pendently associated with lower Nt-proANP in a
multiple regression analysis (Table 2). As it is
difficult to decide whether the association between
high Nt-proANP and treated hypertension (Table 2)
is due to an effect of the antihypertensive treatment,
hypertension per se, or both, we also performed the
analyses after excluding all patients on antihyper-
tensive treatment but the results were virtually
unchanged (Table 2). Thus, it is unlikely that the
lower Nt-proANP in the diabetes patients was due to
confounding effects of any of the clinical variables
(Table 1). This is the first study in humans inves-
tigating whether presence of type 2 diabetes affects
level of the long-acting natriuretic peptide
Nt-proANP although elevated levels have been
found in the Goto-Kakizaki (GK) rat [33]. A number
of small studies have measured ANP and found
reduced, elevated or similar levels of this peptide
fragment in type 2 diabetes patients as compared
with nondiabetic subjects [34—38]. Similarly incon-
sistent results have been found for the relation
between ANP and salt sensitivity [39-44]. It is
possible that the natriuretic effects of Nt-proANP
itself [7-8] is part of the explanation why this
peptide is such a good marker for salt sensitivity. In
addition, as a consequence of the rapid break down
of ANP after atrial release, ANP circulates in much
lower concentrations and is more prone to fluctu-
ations than the relatively stable Nt-proANP mole-
cule [10, 11]. In this study, the polyclonal antibody
preparation used in the radioimmunoassay (RIA) for

Nt-proANP showed 100% cross reactivity with
proANP;_,s and thus all peptides, i.e. proANP;_gg
as well as proteolytic degradation products contain-
ing amino acids 1-25 will be detected in the RIA.
The results are reported as molar concentration of
Nt-proANP; however, strictly speaking what is
measured is equivalents of Nt-proANP immunore-
activity and this may constitute a heterogeneous
mix of peptides. These peptides have in common that
they originate from proANP;_o¢g and all contain the
epitope recognized by the antibody within amino
acid segment 1-25. Considering that proANP;_gg is
secreted in equimolar amounts with the active
C-terminal peptide, ANP, measures of N-terminal
immunoreactivity may be a better measure of atrial
ANP secretion than plasma concentration of ANP
itself. We suggest that the inconsistency of previous
data concerning the effect of type 2 diabetes on ANP
is most likely a consequence of the combination of
low number of study subjects and the use of the
unstable ANP molecule as the study phenotype.
However, it is important to stress that whatever
peripheral marker is used to estimate atrial ANP
secretion, they are only markers and more exact
measures would require kinetic studies with samp-
ling from central blood vessels. In addition, our
study cannot distinguish between the effects of atrial
secretion and peripheral clearance on Nt-proANP.
Although we took into account GFR, as estimated by
cystatin C, in our multivariate analyses we cannot
exclude that variation in other factors determining
Nt-proANP clearance, are affected by the diabetic
state.

Based on our previous results showing a strong
direct relationship between salt sensitivity and
Nt-proANP [5], we used Nt-proANP as a marker of
the degree of salt sensitivity. However, as the previous
study was performed in nondiabetic subjects some
caution in the extrapolation of the data to type 2
diabetes patients is warranted, as we cannot exclude
that there is an Nt-proANP suppressing factor, for
which we have not adjusted, that is linked to type 2
diabetes but not to low degree of salt sensitivity.
However, most of the unmeasured factors that may
affect Nt-proANP would be expected to strengthen,
rather than to weaken, our main result. For
example, it is possible that subclinical cardiovascular
disease has been missed in some of our patients. If
so, most of the missed cases are likely to belong to
the diabetic group as silent cardiovascular disease

© 2005 Blackwell Publishing Ltd Journal of Internal Medicine 257: 281-288



is more common in diabetes patients than in
nondiabetic individuals [45]. Although, as discussed
above, Nt-proANP is far from a perfect marker of
congestive heart failure and ventricular hypertrophy,
an overrepresentation of subclinical cardiovascular
disease in the diabetes group would be expected to
increase the Nt-proANP levels. Thus, if we had been
able to adjust for this potential confounder the
result of lower Nt-proANP concentrations in type 2
diabetes patients as compared with nondiabetic
subjects would most likely be strengthened.

Our finding indicating lower degree of salt sensi-
tivity in type 2 diabetes patients than in nondiabetic
subjects may seem surprising as hyperinsulinaemia,
a typical feature of the type 2 diabetic patient, has
been suggested to cause renal sodium retention and
thereby salt-sensitive hypertension [16]. However,
our diabetes patients had a mean disease duration of
more than 8 years (Table 1). Such a long duration
of type 2 diabetes is likely to lead to many different
pro-hypertensive processes, other than increased
salt sensitivity, thereby attenuating the relative
contribution of salt sensitivity to hypertension in
the diabetic population. On the other hand, the
suggested link between hyperinsulinaemia and salt
sensitivity [16] may well be central for the patho-
genesis of hypertension in nondiabetic subjects and
in the early stages of type 2 diabetes.

In conclusion, patients with type 2 diabetes had
lower levels of Nt-proANP than nondiabetic sub-
jects, suggesting that salt sensitivity is reduced in
type 2 diabetes. Our finding implies that other
pathophysiological mechanisms than salt sensitivity
explain the increased prevalence of hypertension in
type 2 diabetes. However, the range of Nt-proANP
amongst type 2 diabetes patients was wide suggest-
ing that a subset of these patients have a high degree
of salt sensitivity and therefore will benefit from
dietary salt restriction.
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