
Abstract
Though increased BMI represents a

risk factor for developing heart failure, in
heart failure (HF) patients it paradoxically
increases survival. This effect was not
studied in relationship with BNP and ACE
mutations. Objective. To investigate the
relationship between BNP fragment (8-29)
plasmatic level, ACE I/D polymorphism
and BMI in patients with chronic congestive
heart failure. Methods. We studied 50
patients with HF, NYHA III and IV, mean
age 64.96±13.24 years, 21 patients with
BMI ≥30 kg/m2 vs 29 patients with
BMI<30 kg/m2. BMI, ACE polymorphism,
the plasmatic levels of BNP fragment (8-29)
were determined. Results. Mean plasmatic
BNP fragment (8-29) level was
1891.02±1008.06 pg/mL, mean BMI value
29.09±7.59 kg/m², with a negative
correlation between the two parameters (r=-
0.46), stronger in women (r=-0.79 vs. r=-
0.32 in men). Significant greater value of
BNP fragment (8-29) was registered in non-
obese patients (2130.77±866.58 pg/mL vs.

1547.765±1135.744pg/mL, p<0.05). The
distribution of ACE mutation was: DD
allele 36%, II allele 24%, and ID allele 40%.
In all three groups, the patients with BMI ≥
30kg/m2 presented lower values of BNP
fragment (8-29) levels.

Conclusion. In HF patients, there was
an inverse correlation between BNP value
and BMI, obese patients having lower BNP
fragment (8-29) values, no matter the ACE
polymorphism.

Key words: heart failure, obesity,
BNP, angiotensin converting enzyme
polymorphism.

INTRODUCTION

Obesity has been increasing in
epidemic proportions in both adults and
children (1). In adults, overweight is
defined as a body mass index (BMI) 25
to 29.9 kg/m2 and obesity as BMI ≥ 30
kg/m2 (2). Obesity is a well-known risk
factor for the development of heart
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failure (HF), but, surprisingly, obese
patients with heart failure have a better
prognosis than patients whose weight is
normal, giving rise to the so-called
“obesity paradox”. Recent reports
suggest that obesity also affects BNP
levels, with lower circulating levels
registered in those with a higher BMI
(3-6). Horwich et al. found that obesity
was associated with an increase >6-fold
in the odds of having low BNP values
(7). Taylor and colleagues demonstrated
that this reduction in NT-proBNP levels
in obesity occurred despite heavier
patients having higher filling pressures
than those at lower weights (8).

On the other hand, human adipose
tissue expresses all components
necessary for the local production of
angiotensin II, which has multiple
functions in adipose tissue, ranging
from regulation of local blood flow to
complex influences on tissue
homeostasis (9). Angiotensin
converting enzyme (ACE) as well as
other components of the renin-
angiotensin pathway have been shown
to be expressed in human adipose tissue
and adipocytes (10,11) and obesity and
hypertension may influence the
expression of these components (12).
Rigat et al. identified a genetic
polymorphism inside intron 16,
consisting of the presence or absence of
a fragment formed of 287 aminoacid
pairs (13). The presence of this
fragment defines the allele I (insertion),
while its absence defines the allele D
(deletion). Depending on the mode the
two alleles combine, genotype EC is
characterized by three types: II, DD and
ID (13,14). EC serum level depends on
I/D ACE gene polymorphism, higher

titers being found in the DD form,
which also has the highest cellular
activity (13).

Objective. Even if the relationship
between body mass index and NT-
proBNP has already been evaluated, to
our best knowledge, the one with ACE
I/D polymorphism remains unclear.
Thus, the purpose of the present study
was to investigate, in heart failure
patients, the association between the
ACE I/D polymorphism- obesity- BNP
fragment (8-29) level.

MATERIAL AND METHODS

Studied groups. For the inclusion
into present study, all patients with heart
failure and assessment of BNP fragment
(8-29) level during initial presentation
were selected. We performed a
prospective study that included 50
patients (investigated between January -
December 2008), aged 64.96±13.24
years, 68% men, and 32 % women, with
chronic heart failure (defined according
to the European guidelines, normal
BNP value being exclusion criteria),
functional class NYHA III and IV.
These patients were separated according
to body mass index (BMI) in two
groups: group I BMI<30 kg/m2 (29
patients) and group 2 BMI >30 kg/m2

(21 patients).
Methods. Blood for the peptide

assay was drawn into 5-mL potassium
EDTA tubes and then kept at room
temperature. Within 3 h, the tubes were
centrifuged, and plasma was removed
before being processed. If samples could
not be evaluated on the same day, they
were kept at -70°C. Before analysis,
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every tube was inverted several times to
ensure homogeneity. Samples were then
analyzed in duplicate. The test is a high-
specificity competitive immunoassay
(Biomedica) using an immunoaffinity-
purified sheep antibody specific for NT-
proBNP (amino acids 8–29) immobilized
to the surface of microtiter plate wells,
with horseradish peroxidase as tracer. We
perform the ELISA on an automated
system. ProBNP is primarily synthesized
in the ventricle and released into the
circulation upon left ventricular stretch or
wall tension. Circulating plasma forms
are the amino-terminal portions of BNP
fragment and NT-proBNP and BNP.
BNP fragment (8-29) and NT-proBNP
has longer half life than BNP.

The distribution of ACE gene
insertion and deletion (I/D) was
determined in all patients. Genomic
DNA was extracted by a non-enzymatic
method. DNA fragments were
amplified by polymerase chain reaction
(PCR). Genotyping for the insertion
(I)/deletion (D) of the 287 bp in the
ACE gene described by Evans in 2003
with minor modifications was
performed in an Eppendorf
thermocycler. The primers used had the
following sequences: the forward primer
5’-CATCCTTTCTCCCATTTCTC -3’
and the reverse primer 
5’- TGGGATTACAGGCGTGATACAG-
3’. The PCR conditions were: 1X PCR
buffer (100mM tris- HCl, pH 8.8, 500
mM KCl 0.8% (v/v) Nonidet P40), 20ng
genomic DNA, 2.0mM MgCl2, 200µM
dNTPs, 0.2 µM each primer, 2U Taq
DNA polymerase. The PCR program
was: denaturation at 95°C for 10 min,
followed by 35 cycles of amplification
at 94°C for 30 sec, 69°C for 30 sec,

72°C for 1 min 30 sec and a final
extension step at 72°C for 2 min. The
product had 290bp and the deletion
formed a product of 100bp. 

The local institutional Ethics
Committee approved the study and all
participants gave their written informed
consent.

Statistical analyses
The data were analyzed using

SPSS 16.0 (Demo Version). Descriptive
analysis was used to evaluate the
demographic and clinical characteristics
of the patients. We calculated the mean
and standard deviation for normally
distributed quantitative variables.
Differences between quantitative
variables were examined using the
Student test and for qualitative variables
we used the chi 2 test. We calculated
correlation coefficients in order to
evaluate the relationship between
variables. A p value of less than 0.05
was considered statistically significant.

RESULTS 

Baseline characteristics of the
patients are shown in Table 1. Plasma
levels of BNP fragment (8-29) differed
significantly between the matched BMI
groups. Mean plasmatic BNP fragment
(8-29) level was 1891.02 ± 1008.06
pg/mL and BMI 29.09 ± 7.59 kg/m²
with a strong negative correlation
between the two parameters (r = -0.46),
relation registered in both normal
weight (r= -0.67) and obese (r= -0.51)
patients. The correlation was stronger in
women (r= -0.79) than in men (r= -
0.32). This results in a significant higher
plasmatic level of BNP fragment (8-29)
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in non-obese (2130.77 ± 866.58 pg/mL)
in comparison with obese (1547.765 ±
1135.744 pg/ml) patients (p<0.05). 

The distribution of ACE mutation
was as follows: DD allele - 36% (18p), II
allele - 24% (12p), and ID allele - 40%
(20p). No significant differences
regarding the BNP fragment (8-29) levels

were found between obese and non obese
patients in DD and ID groups, the only
exception being registered in II group
(p<0.0001) (Table 2). But in all three
groups (as per global), the patients with
BMI greater than 30 kg/m2 presented
lower values of BNP fragment (8-29)
levels (Table 2). 
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Characteristics

Age (yrs) 64.96 ±13.24
Male - No (%) 34 (68)
Diabetes - No (%) 10 (20)
Hypertension - No (%) 29 (58)

Smoking history - No (%) 8 (16)
Total cholesterol (mg/dL) 162.36 ± 38.34
LDL- cholesterol (mg/dL) 104.88 ± 28.16
HDL- cholesterol (mg/dL) 35.68 ± 9.57
Triglyceride (mg/dL) 109.12 ± 56.41
LVEF (%) 42.26 ± 8.69
LVEDD (mm) 64 ± 10.88
LVESD (mm) 49.92 ± 13.36

Table 1. Baseline characteristics of the patients

Values are presented as percentage (qualitative variables) and as mean ± standard
deviation for numerical, normally distributed variables. Legend: LVEF - left ventricular
ejection fraction, LVEDD - left ventricular end diastolic diameter, LVESD left ventricular
end systolic diameter.

Figure 1. Correlation analysis of log10 (BNP fragment (8-29) LEVEL) vs. body mass index
(BMI) as a continuous measure. Circles represent individual values of N-terminal pro-brain
natriuretic peptide. The black line represents the linear regression curve fit and the dotted
line its 95% confidence interval.



DISCUSSION

ACE polymorphisms have become a
target for many cardiovascular studies due
to the importance of ACE in the formation
and degradation of vasoactive substances
(14-18). ACE as well as other components
of the renin-angiotensin pathway have
been shown to be expressed in human
adipose tissue and adipocytes (19, 20) and
obesity and hypertension may influence
the expression of these components (21,
22). ACE is only present in the stromal-
vascular fraction of rat adipose tissue (22),
whereas it is expressed in both
preadipocytes and adipocytes in humans
(9). The renin-angiotensin system may in
turn influence the conversion of
preadipocytes to adipocytes (23).
Furthermore, studies have shown that
there may be a connection between
obesity and the DD genotype (24, 25).
There was described a connection
between obesity and ACE DD genotype,
increased ATII level promoting obesity
through conversion of preadipocytes to
adipocytes (23). 

In fact, increased ATII level in HF
patients represents a factor of worsening
prognosis and then DD polymorphism
(which increases ATII level) could be
associated with increased BNP. Recent
evidence suggests that there may be

increased clearance of circulating BNP in
obesity. Natriuretic peptide clearance
receptors are abundant on human
adipocytes (26). Additionally, the
vascularity of adipose tissue may allow for
increased degradation of BNP by neutral
endopeptidase (27). More recently, O-
glycosylation of NT-proBNP has been
shown (28). Conversely, it is also possible
that overweight and obesity are associated
with less robust synthesis and/or release of
BNP from the myocardium. Decreased N
terminal pro-BNP and pro-atrial natriuretic
peptide have been observed in obesity
(29,30), which may be suggestive of
decreased natriuretic peptide production.
Alternatively, decreased circulating BNP
levels may not be a consequence of
increased body weight or excess adiposity,
but rather they may be a causative factor in
the genotype or phenotype that leads to
development of obesity. Both ANP and
BNP are now recognized to be involved in
fat metabolism as stimulators of lipolysis
in adipose tissue (31).

In our study the BNP values were
significantly high in the obese heart
failure patients comparatively with non-
obese ones. Horwich et al. reported that,
although BNP levels are relatively
lower in overweight and obese HF
patients, BNP predicts worse
symptoms, impaired hemodynamics,
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ACE I/D  polymorphism BNP (8-29) fragment level  (pg/mL)

All patients
(50 patients)

BMI<30 kg/m2

(29 patients)
BMI≥30 kg/m2

(21 patients)

p

DD allele (18 patients) 1743.98 1133.99 1951.25 119.04 1578.16 1247.13 0.114
II allele (12 patients) 2047.43 841.03 2408.13 811.23 1326.04 33.88 <0.0001

ID allele (20 patients) 2124.17 1064.99 2135.417 777.11 2108.64 1471.45 0.93

Table 2. BNP fragment (8-29) values according to I/D polymorphism and body mass index.

The results are presented as mean ± standard deviation



and higher mortality at all levels of BMI
(7). In the study of Frankenstein et al.
the authors concluded that even if
matched for NYHA, age, sex, and renal
function, BMI exerts a significant and
independent inverse influence on NT-
proBNP in patients with HF. 

NT-proBNP retained equal
statistical power in all three BMI groups
(32). Similarly, Hermann-Arnhof et al.
found in the obese group, NT-proBNP
concentrations statistically comparable to
those in NYHA I heart failure patients
(33). This will result through obesity in a
protective effect upon HF patients (34). 

In our study the incidence of genetic
mutations in the patients with HF was:
DD allele- 36% (18 patients), II allele -
24% (12 patients), and ID allele- 40% (20
patients). The incidence reported by
McNamara et al. is somewhat different: I-
18.6%; ID-50.7%, and DD-30.7%; the
differences may be accounted for by the
relatively small number of patients in our
study (35). McNamara emphasizes that
the DD mutation is present in one third of
the population with high ACE levels (35).

Regarding genetic mutation ACE
I/D, the presence of pathogen genotype
DD (which is connected with the most
elevated levels of ACE), does not
influence BNP-fragment levels (8-29),
irrespective of BMI values. There are no
studies in literature about this fact,
although there is a connection described
between genotype DD and obesity, as
we already stated above (7,36). Wacker
et al. found between I/D polymorphism
and obesity a significant association but
only in men. It is possible that hormonal
differences between sexes may alter the
influence that the ACE I/D
polymorphism has on weight gain (36).

CONCLUSION

In heart failure patients, there is an
inverse correlation between BNP
fragment plasmatic value and BMI, obese
patients having the lowest BNP values no
matter of the ACE polymorphism, but
statistically significant only in that the
relationship is not influenced by ACE
polymorphism II group .

Acknowledgements
Grant support: This paper was supported by

Research Project No. 947, ID_2246/2009 Code,

part of PN II Program financed by the Romanian

Ministry of Education, Research and Innovation

– The National University Research Council

All the authors contributed to the conception and

design of the study. All of the authors approved the

final version submitted for publication. Competing

interests: none declared.

References
1.Poirier P, Giles TD, Bray GA, Hong Y, Stern
JS, Pi-Sunyer FX, Eckel RH. Obesity and
cardiovascular disease: pathophysiology,
evaluation, and effect of weight loss: an update
of the 1997 American Heart Association
scientific statement on obesity and heart
disease from the obesity committee of the
Council on nutrition, physical activity, and
metabolism. Circulation 2006; 113: 898–918.
2.World Health Organization. Obesity:
preventing and managing the global
epidemic. Report of a WHO consultation.
World Health Organ Technical Report
Series 2000; 894: i–xii, 1–253.
3.Wang TJ, Larson MG, Levy D, Benjamin
EJ, Leip EP, Wilson PW, Vasan RS. Impact
of obesity on plasma natriuretic peptide
levels. Circulation 2004; 109: 594–600.
4.Tang WH, Girod JP, Lee MJ, Starling RC,
Young JB, Van Lente F, Francis GS.
Plasma B-type natriuretic peptide levels in
ambulatory patients with established

D. Pop et al.

44



chronic symptomatic systolic heart failure.
Circulation 2003; 108: 2964–2966.
5.Mehra MR, Uber PA, Park MH, Scott RL,
Ventura HO, Harris BC, Frohlich ED.
Obesity and suppressed B-type natriuretic
peptide levels in heart failure. J Am Coll
Cardiol 2004; 43:1590 –1595.
6.McCord J, Mundy BJ, Hudson MP,
Maisel AS, Hollander JE, Abraham WT,
Steg PG, Omland T, Knudsen CW,
Sandberg KR, McCullough PA. Breathing
Not Properly Multinational Study
Investigators. Relationship between obesity
and B-type natriuretic peptide levels. Arch
Intern Med 2004; 164:2247–2252.
7.Horwich TB, Hamilton MA, Fonarow GC.
B-type natriuretic peptide levels in obese
patients with advanced heart failure. J Am
Coll Cardiol 2006; 47:85–90.
8.Taylor JA, Christenson RH, Rao K, Jorge
M, Gottlieb SS. B-type natriuretic peptide and
N-terminal pro B-type natriuretic peptide are
depressed in obesity despite higher left
ventricular end diastolic pressures. Am Heart J
2006; 152:1071–1076.
9.Schling P, Schäfer T. Human adipose
tissue cells keep tight control on the
angiotensin II levels in their vicinity. The
Journal of Biological Chemistry. 2002; 277:
48066-48075.
10.Saye JA, Ragsdale NV, Carey RM,
Peach MJ. Localization of angiotensin
peptide-forming enzymes of 3T3-F442A
adipocytes. Am J Physiol 1993; 264:
C1570-1576.
11.Gronthos S, Franklin DM, Leddy HA,
Robey PG, Storms RW, and Gimble JM.
Surface protein characterization of human
adipose tissue-derived stromal cells. J Cell
Physiol 2001; 189: 54-63.
12.Sanker S, Chandrasekharan UM, Wilk
D, Glynias MJ, Karnik SS, Husain SJ.
Distinct multisite synergistic interactions
determine substrate specificities of human
chymase and rat chymase-1 for angiotensin
II formation and degradation. Biol Chem
1992; 272(5):2963-2968. 

13.Rigat B, Hubert C, Alhenc-Gelas F, Cambien
F, Corvol P, Soubrier F. An insertion/deletion
polymorphism in the angiotensin I-converting
enzyme gene accounting for half of the variant of
serum enzyme levels. J Clin Invest 1990;
86:1343-1346.
14.Pop D, Zdrenghea D, Procopciuc LM,
Popa A. Gene polymorphism of
angiotensin-converting enzyme and
angiotensin II type 1 receptor in patients
with congestive heart failure. Rom J Intern
Med. 2007; 45(4):349-354.
15.Cambien F, Poirier O, Lecerf L, Evans
A, Cambou JP, Arveiler D, Luc G, Bard JM,
Bara L, Ricard S. Deletion polymorphism in
the gene for angiotensin-converting enzyme
is a potent risk factor for myocardial
infarction. Nature 1992; 359: 641-644.
16.Niu T, Chen X, Xu X. Angiotensin
converting enzyme gene insertion/deletion
polymorphism and cardiovascular disease:
therapeutic implications. Drugs 2002; 62:
977-993.
17. Samani NJ, Thompson JR, O'Toole L,
Channer K, Woods KL. A meta-analysis of
the association of the deletion allele of the
angiotensin-converting enzyme gene with
myocardial infarction. Circulation 1996; 94:
708-712.
18.Lindpaintner K, Pfeffer MA, Kreutz R,
Stampfer MJ, Grodstein F, LaMotte F,
Buring J, Hennekens CH. A prospective
evaluation of an angiotensin-converting-
enzyme gene polymorphism and the risk of
ischemic heart disease. N Engl J Med 1995;
332: 706-711.
19.Saye JA, Ragsdale NV, Carey RM,
Peach MJ. Localization of angiotensin
peptide-forming enzymes of 3T3-F442A
adipocytes. Am J Physiol. 1993;
264:C1570-1576.
20.Gronthos S, Franklin DM, Leddy HA,
Robey PG, Storms RW, Gimble JM.
Surface protein characterization of human
adipose tissue-derived stromal cells. J Cell
Physiol 2001; 189:54-63.
21.Engeli S, Gorzelniak K, Kreutz R,

BNP-ACE polymorphism in obesity and heart failure

45



Runkel N, Distler A, Sharma AM. Co-
expression of renin-angiotensin system
genes in human adipose tissue. J Hypertens,
1999; 17:555-560.
22.Barton M, Carmona R, Ortmann J,
Krieger JE, Traupe T. Obesity-associated
activation of angiotensin and endothelin in
the cardiovascular system. Int J Bio. 2003;
35:826-827.
23.Schling P, Loffler G. Effects of
angiotensin II on adipose conversion and
expression of genes of the renin-angiotensin
system in human preadipocytes. Horm
Metab Res 2001; 33: 189-195.
24.Cooper R, McFarlane-Anderson N,
Bennett FI, Wilks R, Puras A, Tewksbury
D, Ward R, Forrester T. ACE,
angiotensinogen and obesity: a potential
pathway leading to hypertension. J Hum
Hypertens, 1997; 11: 107-111.
25.Strazzullo P, Iacone R, Iacoviello L,
Russo O, Barba G, Russo P, D'Orazio A,
Barbato A, Cappuccio FP, Farinaro E, Siani
A, Olivetti Prospective Heart Study.
Genetic variation in the renin-angiotensin
system and abdominal adiposity in men: the
Olivetti Prospective Heart Study. Ann
Intern Med 2003; 138: 17-23.
26.Sarzani R, Dessi-Fulgheri P, Paci VM,
Espinosa E, Rappelli A. Expression of
natriuretic peptide receptors in human
adipose and other tissues. J Endocrinol
Invest 1996;19:581-585.
27.McCullough PA, Sandberg KR. Sorting
out the evidence on natriuretic peptides. Rev
Cardiovasc Med 2003; 4(Suppl 4):S13-19.
28.Hammerer-Lercher A, Halfinger B, Sarg
B, Mair J, Puschendorf B, Griesmacher A,
Guzman NA, Lindner HH. Analysis of
circulating forms of proBNP and NT-
proBNP in patients with severe heart failure.
Clin Chem 2008; 54:858-865. 
29.Doust JA, Pietrzak E, Dobson A,
Glasziou P. How well does B-type
natriuretic peptide predict death and cardiac
events in patients with heart failure:
systematic review. BMJ 2005; 330:625.

30.Rivera M, Corte´s R, Salvador A,
Bertomeu V, de Burgos FG, Paya´ R,
Portole´s M, Tale´ns-Visconti R, Martinez-
Dolz L, Valero R, Sevilla B, Climent V.
Obese subjects with heart failure have lower
N-terminal pro-brain natriuretic peptide
plasma levels irrespective of aetiology. Eur
J Heart Fail 2005; 7:1168-1170.
31.Engeli S, Sharma AM. The renin-
angiotensin system and natriuretic peptides
in obesity-associated hypertension. J Mol
Med 2001; 79:21-29.
32. Frankenstein L, Remppis A, Nelles M,
Schaelling B, Schellberg D, Katus H, Zugck
C. Relation of N-terminal pro-brain
natriuretic peptide levels and their
prognostic power in chronic stable heart
failure to obesity status. Eur Heart J 2008;
29:2634-2640.
33.Hermann-Arnhof KM, Hanusch-Enserer
U, Kaestenbauer T, Publig T, Dunky A,
Rosen HR, Prager R, Koller U. N-Terminal
Pro-B-Type Natriuretic Peptide as an
Indicator of Possible Cardiovascular
Disease in Severely Obese Individuals:
Comparison with Patients in Different
Stages of Heart Failure. Clinical Chemistry
2002; 51:1138-1143.
34.Habbu A, Lakkis NM, Dokainis H. The
Obesity Paradox: Fact or Fiction? Am J
Cardiol 2006; 98:944 -948.
35.McNamara DM, Holubkov R, Postava L,
Janosko K, MacGowan AG, Mathier M,
Murali S, Feldman AM, London B.
Pharmacogenetic interactions between
angiotensin-converting enzyme inhibitor
therapy and the angiotensin-converting
enzyme deletion polymorphism in patients
with congestive heart failure. J Am Coll
Cardiol 2004; 44:2019-2026. 
36.Wacker MJ, Godard MP, McCabe EH,
Donnelly JE, Kelly JK. Sex difference in the
association of the Angiotensin Converting
Enzyme I/D polymorphism and Body Mass
Index. Med Sci Monit 2008; 14(7): CR353-
357. 

D. Pop et al.

46




