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Abstract 

 

Background. The role of C2238/ANP minor allele (MA), at the T2238C ANP gene variant, as 

predisposing risk factor for acute cardiovascular events has been previously reported. We aimed at 

evaluating, by a retrospective approach, the long-term impact of C2238/ANP-MA carrier status 

towards the risk of recurrent acute coronary syndromes (re-ACS) in an Italian cohort of ischemic 

heart disease patients.  

Methods. 379 patients (males=80.5%; mean age=62.5±9.2 years) presenting with ACS were 

retrospectively analyzed. Mean follow up was 5.1±3.5 years (range between 1-26 years). 

Occurrence of new episodes of unstable angina, NSTE myocardial infarction, STE myocardial 

infarction over the years was recorded and compared between subjects not carrying and subjects 

carrying C2238/ANP-MA.  

Results. At univariate analysis, C2238/ANP-MA carrier status and treatment with beta-blocker, 

aspirin and statin were associated with risk of re-ACS. Multivariate analysis confirmed that 

hypercholesterolemia (p<0.0001) and C2238/ANP-MA carrier status (p<0.05) were both 

significantly and independently associated with increased risk of re-ACS. Both treatments with 

beta-blocker and with statin were significantly associated with reduced risk of re-ACS (p=0.01 and 

p<0.01, respectively). Age above 55 years was associated with recurrence of ACS in C2238/ANP-

MA carriers (HR 1.427, 95% CI 1.066-1.911, p=0.017).  

Kaplan Meyer curves confirmed highest risk of new events occurrence in C2238/ANP-MA carriers 

(p=0.035). 

Conclusions. The present results demonstrate that C2238/ANP-MA carrier status is an independent 

risk factor for ACS recurrence in an Italian cohort of ischemic heart disease patients over the long 

term, and they support the role of C2238/ANP-MA as a negative prognostic factor in coronary 

artery disease patients. 

 

Key words: atrial natriuretic peptide, T2238C variant, acute coronary syndrome, prognosis, 

cardiovascular risk 
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Introduction 

Atrial natriuretic peptide (ANP) is a cardiac hormone which exerts beneficial effects on the 

cardiovascular system through its natriuretic, diuretic and vasodilator properties (1). Depending 

upon either abnormal circulating concentrations or peptide structural alterations, ANP may 

contribute to the risk of cardiovascular events (2, 3). A common molecular variant of pre-proANP 

gene, depending on the substitution of thymidine (T) with cytosine (C) in position 2238, with a 

frequency ranging from 13 to 23% in the general population, leads to the synthesis of a 30 amino 

acid long αANP. This molecular ANP variant has raised attention in both scientific and medical 

communities. In fact, C2238 minor allele (C2238/ANP-MA) has been shown to affect the incidence 

of cardiovascular events [stroke and myocardial infarction (MI)] in different human populations (4-

8). We previously reported that C2238/ANP-MA negatively affects vascular function and we 

observed a significant increase in the occurrence of acute coronary syndromes (ACS) and of 

cardiovascular mortality in subjects carrying the C2238/ANP-MA from two European cohorts of 

stable angina patients, thus revealing for the first time a negative prognostic role in stable coronary 

artery disease (CAD) (7).  

However, contrasting evidence on the role of C2238/ANP-MA in CVD predisposition has also been 

reported (4, 9, 10).  

Therefore, additional studies are needed to fully assess the role of C2238/ANP-MA carrier status as 

a novel genetic factor associated with increased cardiovascular risk and with worse prognosis in 

patients affected by CAD, particularly after a prolonged follow-up.  

Thus, the present study was performed to evaluate the long-term prognostic impact of C2238/ANP-

MA on the incidence of recurrent ACS episodes in a cohort of Italian patients affected by CAD. 

 

Methods 

Sample study population 

This was a single center retrospective study that included a cohort of 379 patients affected by CAD 

admitted to the UOC Cardiologia, S.Andrea Hospital in Rome, Italy, from March 2001 till 
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December 2012. Out of 379 patients, 345 individuals had their hospitalization for a first ACS 

episode at our Institution and were subsequently followed. The remaining 34 patients had already 

had a first ACS episode before admission at our hospital. Follow-up data of all patients were 

obtained through review of ambulatory visits, phone calls and careful revision of medical records. 

Thus, a detailed and complete cardiac history was available for all patients included into the study. 

Criteria for inclusion of all patients were: 1) ACS episode (unstable angina, non-ST-segment 

elevation MI, ST-segment elevation MI) as first manifestation of CAD, diagnosed on the basis of 

standard criteria (11); 2) evidence of critical coronary artery stenosis in at least one vessel (≥70%), 

as documented by coronary angiography; 3) availability of a well documented clinical follow-up 

after the first ACS episode. Exclusion criteria were: 1) lack of coronary angiography; 2) lack of a 

well documented clinical follow-up; 3) lack of availability of most of the parameters chosen for 

statistical analysis; 4) patients with neoplasia and short life expectancy (< 6 months). 

The following parameters were recorded for each patient: demographic data, presence/absence of 

hypertension, hypercholesterolemia, diabetes, tobacco use, prescribed medications, data on cardiac 

geometry and function, type of coronary revascularization following the first ACS episode. 

Hypertension was diagnosed on the basis of WHO/ISH criteria (12) and if subjects were routinely 

receiving antihypertensive therapy. Hypercholesterolemia was defined by a total cholesterol blood 

level >220 mg/dl. Type 1 and 2 diabetes mellitus were diagnosed according to the American 

Diabetes Association (ADA) guidelines (13) and/or if subjects were receiving anti-diabetic therapy. 

Smoking habit was also recorded (i.e. smokers were considered former only if they had stopped 

smoking > 2 months before entering into the analysis). Presence of metabolic syndrome was 

assessed according to the Adult Treatment Panel III (ATP III) report (14). 

At the time of recruitment for the analysis, each patient was recalled at our hospital center and, after 

providing informed written consent, underwent a venous blood sample drawing for assessment of 

T2238C allele carrier status. The study was approved by the ethic committee of S.Andrea Hospital. 

Follow up and definition of end points 
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Following the first ACS episode, clinical follow-up of each patient was well documented with 

available information regarding re-hospitalizations, new revascularization procedures and medical 

treatments administered over the years. The mean follow up time was 5.1±3.5 years (range between 

1-26 years). Patients performed periodic check-up visits with a frequency of 1-2 per year.  

The end-point of the study was a new acute coronary event (unstable angina, non-ST-segment 

elevation MI, ST-segment elevation MI).  

Genetic analysis 

Genomic DNA was extracted by a commercially available kit (Qiagen). Characterization of allele 

frequency and genotype distribution of the T2238C ANP variant was performed by a previously 

reported procedure (5, 7). 

Statistical analysis 

Data analysis regarding sample characteristics was performed with SPSS software package (version 

20.0, SPSS Inc., Chicago, Illinois). Normal data distribution was assessed through Kolmogorov-

Smirnov test. Continous variables are expressed as mean ± SD; categorical variables are expressed 

with the corresponding frequencies and percentages.  

Differences between C2238/ANP-MA carriers and non carriers were tested using two-sample t-test 

or Mann Whitney test, when appropriate, for quantitative variables. Chi-square test was used for 

categorical variables. Bonferroni correction was used when appropriate. 

Genotype frequencies were evaluated and Hardy-Weinberg equilibrium (HWE) was tested using 

Pearson’s Chi-square test. The assumption of a dominant model for genotype analysis was 

considered (score of 0 for wild type, 1 for combined heterozygote and double mutant individuals). 

Due to the low number of C2238/ANP-MA homozygotes, no recessive model of inheritance was 

included into the analysis. 

At univariate analysis the following predictors were considered: C2238/ANP-MA carrier status, 

sex, age at first event, diabetes, hypercholesterolemia, hypertension, metabolic syndrome, multiple 

risk factors (2 or more), treatment with beta-blocker, anti-aldosteronic drug, hydrochlorothiazide, 
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acetylsalicylic acid, nitrate, calcium channel blocker, angiotensin converting enzyme inhibitor, AT1 

receptor blocker, other anti-platelet drugs, statin. 

Multivariate models were selected using a forward stepwise regression method based on 

optimization of the Akaike Information Criterion (AIC), finally selecting the following covariates: 

C2238/ANP-MA carrier status, hypercholesterolemia, treatments with beta blocker, acetylsalicylic 

acid, statin.  

All possible bivariate interactions based on the final model were considered.  

The risk associated with C2238/ANP-MA carrier status for occurrence of multiple events per 

patient was analyzed by means of Cox regression models with Gamma distributed frailty at both 

univariate and multivariate analyses. Inclusion of a frailty term in Cox regression represents a 

suitable approach to take into account the dependence arising from repeated measures of time-to-

event in the same patient, as previously reported (15-17). Cox regression with Gamma distributed 

frailty was performed using R software version 2.14. 

Survival curves for ACS recurrence were constructed using the Kaplan-Meyer method. 

A p value <0.05 was considered as statistically significant in all analyses. 

 

Results 

Clinical characteristics of the patients at the time of enrolment and clinical follow up. 

Table I shows the main clinical characteristics of our study cohort and the risk factors distribution, 

based on the ANP allele carrier status, at the time of their first ACS episode. ST-segment elevation 

MI represented the most frequent type of ACS, followed by unstable angina and non-ST-segment 

elevation MI. Males were 80.5%; mean age was 62.5±9.2 years. A large percentage of patients were 

hypertensives (73.6%), with diabetes and hypercholesterolemia also occurring at higher frequencies 

(30% and 62.5%, respectively) as compared to the Italian general population (18, 19). Knowledge 

about hypertensive status was not known for 15 patients. Knowledge about metabolic syndrome 

carrier status was not known for 30 patients.  



 

 7 

Of note, percentage of hypertensive subjects did not differ between wild type and mutant ANP 

allele carriers.  

No difference was observed with regard to cardiac systolic function between subjects not carrying 

and subjects carrying C2238/ANP-MA (p=0.434). 

Severity of CAD (number of diseased vessels and degree of stenosis) was comparable between the 

two groups (p=0.944 for number of diseased vessels; p=0.609 for degree of stenosis). In addition, 

no significant difference was detected between the two groups with regard to the type of coronary 

revascularization performed at the first ACS episode, p=0.748 between the two groups; number of 

bar metal stent and of drug eluting stent, p=0.495 between the two groups (Table 2).  

Allele and genotype frequencies for the T2238C ANP gene variant are shown in Table 3. They were 

in HWE (p=0.821). Percentage of allele frequencies for the T2238C ANP variant was similar to that 

previously reported in other CAD cohorts (5, 7).  

Table 4 reports the medical treatments administered to patients during the follow up time (up to 20 

years), based on the allele carrier status for T2238C/ANP-MA. Knowledge of medical treatments 

administered at beginning of cardiac disease history was not available only for the 10 patients with 

the longest follow up (26 years). There was no statistically significant difference in the treatment 

strategies between patients not carrying and those carrying the C2238/ANP-MA.  

Evaluation of risk factors for re-ACS 

A careful screening of clinical documentation of all patients throughout the follow-up time was 

performed by trained medical personnel. Fig. 1 shows results of univariate Cox analysis, based on 

the events registered over the follow-up time in the two groups of patients (STEMI=36% in wild 

type, 38% in mutant; NSTEMI=22% in wild type, 24% in mutant; UA=38% in wild type, 41% in 

mutant). In particular, new ACS occurred at an earlier time in patients carrying the C2238/ANP-

MA.  

We then evaluated what variables were significantly associated with recurrence of ACS during 

follow-up time. Table 5 and Table 6 report the results obtained by both univariate and multivariate 

analyses. At univariate analysis, C2238-MA carrier status and treatments with beta-blocker, statin 
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and aspirin showed a significant impact on re-ACS (Table 5). At multivariate Cox analysis 

C2238/ANP-MA remained a significant predictor of re-ACS, along with hypercholesterolemia 

(Table 6). On the other hand, both treatments with beta-blocker and with statin were confirmed as 

significant protective factors towards re-ACS occurrence over the follow up time (Table 6). None of 

the possible bivariate interactions, considered on the basis of the final model, was significant. 

We then wanted to evaluate whether the concomitant presence of other risk factors could potentiate 

the detrimental effect of C2238/ANP-MA on re-ACS. Therefore, we stratified our population by  

gender, by age at first event, by absence/presence of diabetes, of metabolic syndrome, of 

hypertension, of hypercholesterolemia. As a result, we found that age above 55 years (HR 1.427, 

95% CI 1.066-1.911, p=0.017) was significantly associated with recurrence of ACS in C2238/ANP-

MA carriers.  

Of note, both gender and left ventricular function did not exert any significant impact on ACS 

recurrence in C2238/ANP-MA carriers, although a trend towards protection was observed in 

subjects with maintained left ventricular function. 

Kaplan Meyer curves based on re-ACS occurrence clearly showed that subjects carrying the 

C2238/ANP-MA were those with the highest risk of new events occurrence (p=0.035, Fig.2). 

 

Discussion 

Our study demonstrates that carrier status of the C2238/ANP-MA at the T2238C ANP gene variant 

is significantly associated with a long-term increased incidence of recurrent ACS in ischemic heart 

disease patients from an Italian population. 

The C2238/ANP-MA has been previously shown to associate with increased risk of acute 

cardiovascular events in different human cohorts (4-8), although with some controversies (4, 9, 10). 

We recently reported for the first time its negative prognostic role in two distinct populations of 

stable angina patients, leaving unaddressed, at that time, the impact of this ANP gene variant on 

cardiovascular outcome of patients who already experienced an ACS (7). In this regard, our current 

study extends previous evidence on the role of C2238/ANP-MA as a genetic risk factor for CAD, 
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and it demonstrates that after a long follow-up the C2238/ANP-MA is still significantly associated 

with recurrent ACS in patients who already had an ACS as first manifestation of CAD. 

The clinical characteristics of our population were comparable to those of previously reported 

ischemic heart disease patients cohorts, with higher incidence of common risk factors for 

myocardial infarction, i.e. hypertension, diabetes, hypercholesterolemia. The latter turned out to be, 

by multivariate analysis, a significant risk factor for recurrence of ACS in our study sample, 

whereas both hypertension and diabetes were not (likely as a result of the ongoing medical 

treatments).  

With regard to the impact of therapy, use of both beta-blocker and statin was confirmed as a highly 

protective strategy for secondary prevention of ACS in our patients. The latter finding is consistent 

with previously reported observations in other cohorts of CAD patients (20-23). 

Importantly, despite the protective role of medical treatments, carrier status for the C2238/ANP-MA 

was revealed as an independent risk factor for recurrence of ACS. Not surprisingly, its dangerous 

effect was favoured by age above 55 years, that is a well known cardiovascular risk factor on its 

own (24, 25). The majority of patients enrolled in the study were males. In fact, it is known that 

male sex is a not modifiable risk factor for AMI (26). 

The molecular mechanisms underpinning the deleterious vascular effects and the negative role of 

this ANP variant on the risk of acute cardiovascular events have been recently dissected out (27, 

28). In fact, we documented, by both in vitro and ex vivo experiments, that CC2238 αANP 

promotes vascular damage through a deregulated activation of the natriuretic peptide type C 

receptor signalling that is associated with inhibition of Akt pathway by inhibition of cAMP/PKA 

axis. In particular, we were able to demonstrate that healthy subjects free of cardiovascular risk 

factors and carrying the C2238/ANP-MA had a significantly impaired endothelial-dependent 

vasorelaxation. Selective inhibition of NPR-C completely restored endothelial viability and function 

in rat vessels exposed to mutant ANP (28). Thus, our previous data provide clear evidence of a tight 

pathophysiological link between mutant ANP and increased vascular damage with consequent 

vascular events. 
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Recently, the C2238/ANP-MA turned out to be a significant risk factor for acute cardiovascular 

events in a large general population, followed up to nine years, from Minnesota, USA (29).  

Our present data further suggest that a partial inhibition of NPR-C would be recommended in 

subjects carrying C2238/ANP-MA in order to reduce their cardiovascular risk, particularly if 

affected by ischemic heart disease. 

In addition, our new results strengthen the need to introduce into clinical practice the 

characterization of T2238C/ANP allele carrier status in CAD patients. Knowledge of the 

C2238/ANP-MA carrier status, before a NPR-C targeted therapy becomes available, contributes to 

identify a more complete cardiovascular risk profile of affected patients and it provides a 

straightforward indication for more aggressive treatment strategies as well as for more frequent 

clinical monitoring. It is also likely that knowledge of the C2238/ANP-MA carrier status may 

contribute to improve the management of all cardiovascular disease patients. Notably, diuretic 

treatment led to optimal blood pressure control and to a significant reduction of cardiovascular risk 

in hypertensive patients carrying C2238/ANP-MA from the ALLHAT population (30). The latter 

evidence suggests an impaired diuretic effect of the ANP variant and that diuretics should be 

considered as first-choice therapeutic agent for patients carrying the C2238/ANP-MA. Despite the 

lack of appropriate suitability of our study sample to verify this issue (since therapies had been 

randomly rather than genotype-based assigned over the years), we observed, among hypertensives, 

a trend towards higher percentage of C2238 allele versus wild type allele carriers assuming diuretics 

(18% vs 12%). 

Study limitations. Our study was a retrospective, observational investigation limited to the 

information available from the electronic health records of our center and to the patients medical 

documentation. Moreover, due to the retrospective approach of our analysis, all deaths were missed 

and they could not be considered as an end point of the current study. As a consequence, we 

focused our interest on recurrence of acute coronary events, as the major end point of the analysis, 

in order to evaluate the cardiovascular outcome of patients following an ACS episode.  
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Conclusions. Subjects experiencing ACS are more prone to develop new coronary events over a 

long-term follow up if carriers of the C2238/ANP-MA. Our new findings further support the role of 

this ANP variant as a novel cardiovascular genetic risk factor. Furthermore, they highlight the need 

to screen the presence of this variant in CAD patients in order to improve both clinical and 

therapeutic managements. 

Aknowledgments 

This work was supported by a grant (Ricerca Corrente) from the Italian Ministry of Health to MV 

and SR; by the 5‰ grant to MV and SR. 

 

References 

1.  Rubattu S, Sciarretta S, Valenti V, Stanzione R, Volpe M. Natriuretic peptides: an update on 

bioactivity, potential therapeutic use, and implication in cardiovascular diseases. Am J 

Hypertens 2008; 21:733-741. 

2.  Rubattu S, Sciarretta S, Marchitti S et al.  NT-proANP/ANP is a determinant of vascular 

damage in humans. High Blood Press Cardiovasc Prev 2010; 17: 117-120. 

3.  Barbato A, Sciarretta S, Marchitti S, Icone R, Di Castro S, Stanzione R, Cotugno M, Ippolito 

R, Palmieri L, Calmieri C, Battistoni A, Volpe M, Strazzullo P, Rubattu S. Aminoterminal 

natriuretic peptides and cardiovascular risk in an Italian male adult cohort. Int J Cardiol 

2011; 152: 245-246.  

4. Lynch AI, Claas SA, Arnett DK. A review of the role of atrial natriuretic peptide gene 

polymorphisms in hypertension and its sequelae. Curr Hypertens Rep 2009; 11: 35-42. 

5. Rubattu S, Stanzione R, Di Angelantonio E et al. Atrial natriuretic peptide gene 

polymorphisms and risk of ischemic stroke in humans. Stroke 2004; 35: 814-818. 

6. Gruchala M, Ciecwierz D, Wasag B et al. Association of the ScaI atrial natriuretic peptide 

gene polymorphism with nonfatal myocardial infarction and extent of coronary artery 

disease. Am Heart J 2003; 145:125-131. 



 

 12 

7. Barbato E, Bartunek J, Mangiacapra F et al. Influence of rs5065 atrial natriuretic peptide 

gene variant on coronary artery disease. J Am Coll Cardiol 2012; 59:1763-70. 

8. Ziaee S, Kalayinia S, Boroumand MA, Pourgholi L, Cheraghi S, Anvari MS, Sheikhvatan M 

Association between the atrial natriuretic peptide rs5065 gene polymorphism and the 

presence and severity of coronary artery disease in an Iranian population. Coronary artery 

disease 2014 in press. 

9. Larifla L, Maimaitiming S, Velayoudom-Cephise FL, Ferdinand S, Blanchet-Deverly A, 

Benabdallah S, Donnet JP, Atallah A, Roussel R, Foucan L. Association of 2238T/C 

polymorphism of the atrial natriuretic peptide gene with coronary artery disease in Afro-

Caribbeans with type 2 diabetes. Am J Hypertens. 2012;25:524-527. 

10. Ellis, K.L., Newton-Cheh, C., Wang, T.J., Frampton, C.M., Doughty, R.N., Whalley, G.A., 

Ellis, C.J., Skelton, L., Davis, N., Yandle, T.G., Troughton, R.W., Richards, A.M., 

Cameron, V.A. Association of genetic variation in the natriuretic peptide system with 

cardiovascular outcomes. J. Mol. Cell. Cardiol. 2011; 50: 695-701. 

11. Thygesen K, Alpert JS, White HD, et al. Universal definition of myocardial infarction. 

Circulation 2007;116:2634 –53. 

12. Neal B, MacMahon S. The World Health Organization-International Society of 

Hypertension Blood Pressure Lowering Treatment Trialists’ Collaboration: prospective 

collaborative overviews of major randomized trials of blood pressure-lowering treatments. 

Curr Hypert Rep 1999;1: 346-356. 

13. Puavilai G, Chanprasertyotin S, Sriphrapradaeng A. Diagnostic criteria for diabetes mellitus 

and other categories of glucose intolerance: 1997 criteria by the Expert Committee on the 

Diagnosis and Classification of Diabetes Mellitus (ADA), 1998 WHO consultation criteria, 

and 1985 WHO criteria. World Health Organization. Diabetes research and clinical practice. 

1999; 44: 21-26. 

14. National Cholesterol Education program (NCEP) Expert Panel on Detection, Evaluation, 

and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). Third 



 

 13 

report of the National Cholesterol Education Program (NCEP) expert panel on detection, 

evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III). 

Final report. Circulation 2002; 106: 3143-3421. 

15. Lim H, Liu J, Melzer-Lange M. Comparison of methods for analyzing recurrent events data: 

application to the emergency department visits of pediatric firearm victims. Accid Anal Prev 

2007; 39: 290-299. 

16. Koren A, Steinberg D, Drory Y, Gerber Y. The Israel study group on first acute myocardial 

infarction. Socioeconomic environment and recurrent coronary events after initial 

myocardial infarction. Ann Epidemiol 2012; 22: 541-546. 

17. McGilchrist CA, Aisbett CW. Regression with frailty in survival analysis. Biometrics 1991; 

47: 461-466. 

18. Vanuzzo D, Lo NC, Pilotto L et al. Gruppo di Ricerca dell'Osservatorio Epidemiologico 

Cardiovascolare. Cardiovascular epidemiologic observatory 2008-2011: preliminary results. 

G Ital Cardiol (Rome) 2010; 11(5 Suppl 3): 25S-30S. 

19. Palmieri L, Lo Noce C, Vanuzzo D et al. Gruppo di Ricerca dell'Osservatorio 

Epidemiologico Cardiovascolare. Cardiovascular epidemiologic observatory: temporal 

trends of cardiovascular risk factors. G Ital Cardiol (Rome) 2010; 11(5 Suppl 3): 31S-36S. 

20. Soumerai SB, McLaughlin TJ, Spiegelman D, Hertzmark E, Thibault G, Goldman L. 

Adverse outcomes of underuse of beta-blockers in elderly survivors of acute myocardial 

infarction. JAMA 1997; 277:115-121. 

21. Parsons RW, Hung J, Hanemaaijer I, Jbroadhurst R, Jamrozik K, Hobbs MS. Prior calcium 

channel blockade and short-term survival following acute myocardial infarction. Cardiovasc 

Drugs Ther 2001; 15: 487-492. 

22.  Allonen J, Nieminen MS, Lokki M et al. Mortality rate increases steeply with non adherence 

to statin therapy in patients with acute coronary syndrome. Clin Cardiol 2012; 35: E22-27. 



 

 14 

23. Gordin J, Haider A, Swaminathan RV et al. Impact of long-term statin therapy on 

postprocedural myocardial infarction in patients undergoing non emergency percutaneous 

coronary intervention. Am J Cardiol 2012; 110:1397-1404.  

24. Modig K, Andersson T, Drefahl S, Ahlbom A. Age-specific trends in morbidity, mortality 

and case-fatality from cardiovascular disease, myocardial infarction and stroke in advanced 

age: evaluation in the Swedish population. Plos One 2013; 8:e64928. 

25. Ahmed E, Alhabib KF, El-Menyar A et al. Age and clinical outcomes in patients presenting 

with acute coronary syndromes. J Cardiovasc Dis Res 2013; 4:134-139. 

26. Ostadal B, Ostadal P. Sex-based differences in cardiac ischemic injury and protection: 

Therapeutic implications. Br J Pharmacol. 2013 in press. 

27. Scarpino S, Marchitti S, Stanzione R et al. Reactive oxygen species-mediated effects on 

vascular remodeling induced by human atrial natriuretic peptide T2238C molecular variant 

in endothelial cells in vitro. J Hypertens 2009; 27:1804-1813. 

28. Sciarretta S,
 
Marchitti S, Bianchi F et al. C2238 atrial natriuretic peptide molecular variant is 

associated with endothelial damage and dysfunction through natriuretic peptide receptor C 

signaling. Circulation Research 2013; 112: 1355-1364. 

29. Cannone V, Huntley BK, Olson TM et al. Atrial natriuretic peptide gene variant rs5065 and 

risk for cardiovascular disease in the general community: a 9-year follow-up study. 

Hypertension 2013; 62, in press. 

30. Lynch AI, Boerwinkle E, Davis BR et al. Pharmacogenetic association of the NPPA 

T2238C genetic variant with cardiovascular disease outcomes in patients with hypertension. 

JAMA 2008; 299:296-307. 

 



 

 15 

Figures legends 

Figure 1 

Results of univariate Cox analysis, based on the events registered over the follow-up time in the two 

groups of patients: C2238/ANP-MA carriers (red dots) and wild type ANP allele carriers (blue 

dots). 

Figure 2 

Kaplan Meyer curves for ACS recurrence in patients carrying the C2238/ANP-MA (red line) vs 

patients carrying the wild type ANP allele (blue line). 
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Table 1: Characteristics of the study sample at the time of enrolment. 

 
Genotype Gender Mean 

age at 

first 

event 

(years ± 

SD) 

Hypertension  

(n = 364) 

 

Diabetes 

(n, %) 

Hypercholest

erolemia 

(n, %) 

Metabolic 

Syndrome 

(n = 349) 

Diagnosis at 

first event 

Mean 

ejection 

fraction at 

enrollment 

(%± SD) 

C2238 

carriers (n = 

103) 

males: 89 

(85,6%) 

females: 

15 

(14,4%) 

62,3 ± 

8,9 

 

Yes: 75 

(72.8%) 

 

No: 23 

(22.3%) 

 

Unknown=3 

Yes:32 

(30,1%) 

 

No: 72 

(69,9%) 

Yes: 61 

(58,7%) 

 

No: 43 

(41,3%) 

Yes: 49 

(47,6%) 

No: 45 

(43,7%) 

 

Unknown=10 

STEMI: 42 

(40,8%) 

NSTEMI: 

23 (22,3%) 

UA: 38 

(36,9%) 

53 ± 9 

TT2238 

carriers (n = 

276) 

males: 

219 

(79,6%) 

females: 

56 

(20,4%) 

62,1 ± 

9,6 

 

Yes: 194 

(70.3%) 

 

No: 76 

(27.5%) 

Unknown=12 

Yes: 82 

(29,7%) 

 

No: 194 

(70,3%) 

Yes: 176 

(64%) 

 

No: 99  

(36%) 

Yes: 123 

(44.6%) 

No: 132 

(47,8%) 

 

Unknown=20 

STEMI: 126 

(46,6%) 

NSTEMI: 

67 (24,2%) 

UA: 83 

(30,0%) 

51 ± 10 

Legend: STEMI=ST-segment elevation myocardial infarction; NSTEMI=non-ST-segment elevation 

myocardial infarction; UA=unstable angina. 
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Table 2. Types of coronary revascularization at first ACS episode 

 

Genotype PCI+stent 

PCI+POBA 

BMS/DES CABG No 

revascularization 

T2238 

allele 

carrier  

310 177/97 42 30 

C2238 

MA 

carrier 

 

116 57/31 19 11 

Legend:  

PCI= percutaneous coronary intervention; POBA= percutaneous balloon angioplasty; 

BMS=bar metal stent; DES= drug eluting stent; CABG=coronary artery by pass grafting 

MA=minor allele
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Table 3: Alleles and genotypes frequencies. 

 

Genotypes Frequency Percentage 

TT2238 276 72,8% 

T2238C 97 25,6% 

CC2238 6 1,6% 

   

Alleles   

T  85,6% 

C  14,4% 
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Table 4: Pharmacological therapy during follow-up in C2238/ANP-MA and wild-type individuals. 

T2238C allele 

carrier status 

Pharmacological Therapy Years of follow up (n) 

0-5 

(185) 

0-10 

(145) 

0-20 

(39) 

p-value 

Wild type  

Beta-Blocker 

No 65 

73 

21 

26 

37 

65 

20 

23 

16 

9 

6 

7 

0,718 
Yes 

Minor  No 

Yes 

Wild type 

Anti-Aldosteronic 

No 133 

5 

45 

2 

100 

2 

39 

4 

22 

2 

13 

0 

0,898 
Yes 

No 

Yes 

Minor  

Wild type 

Hydrochlorothiazide 

No 

Yes 

No 

Yes 

123 

15 

40 

7 

96 

6 

37 

6 

24 

1 

11 

2 

0,06 
Minor  

Wild type 

Acetylsalycilic Acid 

No 

Yes 

No 

Yes 

32 

106 

9 

38 

38 

64 

14 

29 

14 

11 

3 

10 

0,291 
Minor  

Wild type 

Nytroglicerin 

No 

Yes 

No 

Yes 

97 

41 

30 

16 

69 

33 

28 

15 

15 

10 

6 

7 

0,267 
Minor  

Wild type 

Calcium channel Blocker 

No 

Yes 

No 

Yes 

110 

28 

42 

4 

76 

26 

34 

9 

22 

3 

9 

4 

0,275 
Minor  

Wild type 

ACE-Inhibitor 

No 

Yes 

No 

Yes 

77 

61 

29 

17 

67 

35 

27 

16 

17 

8 

6 

7 

0,908 
Minor  

Wild type 

Angiotensin Receptor Blocker 

No 

Yes 

No 

Yes 

109 

29 

32 

14 

77 

25 

37 

6 

21 

4 

13 

0 

0,999 
Minor  

Wild type 

Other Anti-Platelet Drugs 

No 

Yes 

No 

Yes 

84 

54 

28 

18 

84 

18 

34 

9 

17 

8 

10 

3 

0,991 
Minor  

Wild type 

Statin 

No 

Yes 

No 

Yes 

35 

103 

14 

32 

22 

80 

13 

30 

7 

18 

4 

9 

0,191 
Minor  
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Table 5: Predictors of ACS recurrence at follow-up by univariate analysis. 

 

 HR (95% CI) p-value 

C2238/ANP-MA  1,321 (1,000 – 1,730) 0,035 

Sex 

Age 

1,066 (0,771 – 1,474) 

1,022 (0,989 – 1,015) 

0,699 

0,751 

Diabetes 1,122 (0,879 – 1,432) 0,355 

Hypercholesterolemia 1,240 (0,956 – 1,607) 0,105 

Hypertension 0,818 (0,620 – 1,079) 0,155 

Metabolic Sindrome 

EF 

0,927 (0,550 – 1,562) 

0,340 (0,107 – 1,080) 

0,775 

0,070 

Beta-Blocker  0,711 (0,551 – 0,918) 0,009 

Antialdosteronic drug 0,766 (0,361 – 1,624) 0,487 

Hydrochlorothiazide  0,600 (0,336 – 1,072) 0,085 

Acetylsalicilic acid  0,711 (0,553 – 0,915) 0,008 

Nitrates 1,233 (0,949 – 1,602) 0,116 

Calcium channel blocker 1,006 (0,732 – 1,384) 0,969 

ACE-Inhibitor 0,881 (0,672 – 1,156) 0,362 

Angiotensin Receptor Blocker 0,813 (0,577 – 1,145) 0,235 

Statin 0,726 (0,562 – 0,938) 0,014 

Legend: ACE=angiotensin converting enzyme; EF=ejection fraction 
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Table 6: Predictors of ACS recurrence at follow-up by multivariate analysis. 

 

 HR (95% CI) p-value 

C2238/ANP MA  1,321 (1,010 – 1,730) 0,042 

Hypercholesterolemia 1,471 (1,104 – 1,959) < 0,001 

Beta-Blocker  0,691 (0,519 – 0,920) 0,011 

Acetylsalicilic acid  0,798 (0,614 – 1,037) 0,091 

Statin 0,619 (0,453 – 0,847) 0,002 

 



Figure 1 
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