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Abstract: Activity of the renin-angiotensin Aldosterone system is increased in patients with heart failure (HF). 
The Angiotensinogen gene and specifically M235T polymorphism has been linked to susceptibility to hypertension, 
coronary heart disease and atrial fibrillation. Its role in heart failure is not yet sufficiently demonstrated. The aim of 
the present study was to assess the association between rs699 (M235T) polymorphism and heart failure in terms 
of diagnosis and prognosis. We included all patients over 20 years old consulting in the Emergency Department for 
acute dyspnea. According to the results of the B-type natriuretic peptide (BNP level), patients were divided into two 
groups: HF and non-HF group. DNA study was performed for all subjects and their genotypes were identified as TT, 
CT or CC. Mortality was followed for one year. We included 234 patients. We found the diagnosis of HF in 73 patients 
out of 160 (45%). Our results showed that the frequency of the T allele was higher in HF group patients than in 
non-HF group (69% vs. 33%, P<0.01). Patients carrying the TT and CT genotypes had a higher proportion of HF than 
those carrying the CC genotype (respectively 53% and 31% vs. 15%, P<0.01). According to multivariate analysis, TT 
genotype presented the highest risk of HF (OR=4.9 95% CI: 2.12-9.1) and the highest risk of death (OR=6.45 95% 
CI: 3.6-16.4) compared to the other two genotypes. The current study suggests that M235T polymorphism might be 
associated with increased risk of both HF and death.
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Introduction

Heart Failure (HF) a major health problem asso-
ciated with high morbidity and mortality, it’s an 
ever increasing problem worldwide [1]. Heart 
failure may result from Coronary heart disease 
and hypertension what are the major causes of 
HF. Other underlying conditions include idio-
pathic dilated cardiomyopathy (IDC), valvular 
and congenital heart diseases [2]. Although the 
exact molecular mechanisms of HF are still 
under intensive investigation, genetic polymor-
phisms of major neurohormonal systems 
involved in the pathophysiology of HF have 
been discussed [3]. 

The activity of the renin-angiotensin system 
(RAS) is often increased in patients with cardio-
vascular disease [4]. The RAS is a key element 
in pressure/volume homeostasis, and plays an 

important role in the regulation of blood  
pressure and in cardiac function [5, 6]. 
Angiotensinogen (AGT) is the component of RAS 
that is released by the liver and is cleaved by 
Renin. To date, M235T polymorphism has been 
linked to susceptibility to hypertension, coro-
nary heart disease and atrial fibrillation [7-9]. 
It’s role as a marker of HF diagnosis or progno-
sis is not well recognized. 

Results of available studies remain controver-
sial and even the related meta-analyzes pub-
lished studies focused on small sample sizes 
and lack of significant reliable data on some 
ethnicities especially African and North African 
[10].

In the present study, we investigated the asso-
ciation between M235T polymorphism and 
acute heart failure in North African patients 
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consulting for dyspnea and the impact of this 
polymorphism on the prognosis of HF.

Methods

Subjects and study design: This is a prospec-
tive descriptive study carried out in the emer-
gency department Fattouma Bourguiba univer-
sity hospital. We included all patients aged over 
20 years consulting for dyspnea. We excluded 
all patients with cardio-respiratory arrest, coma 
or circulatory shock. At the time of study entry, 
family history, physical examination findings, 
medical therapy, and results of prior cardiac 
testing were collected. Detailed information  
for all available electrocardiograms was also 
recorded. Patients were divided into two groups 
according to the Nt pro-BNP rate: Group HF with 
NT pro-BNP higher or equal to 1600 pg/mL. 
Non HF group with pro NT PRO-BNP lower than 
400 pg/mL. For intermediate values, patients 
were classified in the HF group or non HF after 
being evaluated by two independent reviewers 
(one emergency physician and one cardiologist) 
who established the diagnosis of LVD on the 
basis of clinical data, NT pro-BNP levels and 
echocardiography findings. 4 ml of blood in an 
EDTA tube for DNA extraction, and 4 ml of blood 
in a Heparin tube for the biochemical tests 
were collected from each patient.

Biochemical measurements

Serum total cholesterol, HDL-C and triglycer-
ides were measured using enzymatic methods 
on Beckman auto analyzer (Randox, Antrim, 
UK). LDL-C cholesterol was calculated using 
Friedewald’s formula [11]. NT-proBNP was mea-
sured by the electrochemiluminescence assay 
(Elecsys 2010, Roche Diagnostics, Germany).

Biochemical serum parameters (creatinin, uric 
acid, glycemia) were determined on Cobas 
6000™ (Roche Diagnostics). 

Genotyping

DNA was extracted from peripheral blood leu-
cocytes using the standard salt precipitation 
method (Miller and al., 1988). Genotyping for 
the AGT M235T was performed using poly-
merase chain reaction (PCR)-based restriction 
fragment length polymorphism (RFLP). The 
primers used were 5’-GATGCGCACAAGGTCCT- 
GTC-3’ (Forward) and 5’-CAGGGTGCTGTCCAC- 
ACTGG ACCCC-3’ (reverse). The PCR products 

were digested with 3 U of Tth111I (Fermentas), 
and the fragments were separated on a 3% 
agarose gel containing ethidium bromide and 
visualized with UV light. To assess genotyping 
reliability, we perform double sampling RFLP-
PCR in more than 20% of the samples and 
found no differences.

Outcomes

The main outcomes were the diagnosis of HF 
and mortality rate after one year of hospitaliza-
tion. Secondary outcomes for this study includ-
ed all-cause of mortality and number of hospi-
talization after the discharge from hospital. 
Clinical events (death and hospital readmission 
for HF) were recorded over a median follow-up 
period of one year. Date of death was confirmed 
by calling the patient’s family members.

Statistical analysis

The SPSS version 18.0 program was used for 
the statistical analysis, and the significance 
level was set at 5%. The Pearson chi-square 
test was used to determine the association 
between categorical variables. The odds ratio 
(OR) and their 95% confidence interval (CI) were 
also calculated. Differences between frequen-
cies were assessed using the chi-square test. A 
P value <0.05 was considered to be statically 
significant.  

Results

We included 234 patients who were divided 
into two groups; patients with acute heart fail-
ure: HF group: (126, 53%); and patients without 
heart failure: Non HF groups: (108, 64%). The 
characteristics of study participants are shown 
in Table 1. The majority of the patients were 
men, with a mean age of 65±13 years and a 
mean ejection fraction of 59% for the Non HF 
group and 46% for the HF group. All patients 
were NYHA class III or IV at the time of admis-
sion. Examination findings were similar between 
the two groups. Compared with Non-HF pat- 
ients, HF group presented with significantly 
higher Nt proBNP, lipids and Troponin levels 
compared to whom HF patients (P≤0.001).

The genotypic frequencies of AGT* M235T 
polymorphism were in Hardy-Weinberg equilib-
rium and were statistically different between 
HF and Non HF groups. 166 (71%) patients had 
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at least one mutated allele (MT or TT). The TT 
genotype is more predominant in HF groups 
than in Non HF group (58% vs. 22%, P<0.001). 

In contrast, the non-mutated genotype (MM) 
was found more frequently among non-HF 
group (44% vs. 15%, P<0.001) (Table 2).

Table 1. Epidemiologic, clinical and biological characteristics of the samples

Total (n=234) Heart failure 
(n=126)

Non heart failure 
(n=108) P

Gender n (%)
    Male 153 (64.8) 73 (56.6) 80 (74.8) 0.003
    Female 83 (35.2) 56 (43.4) 27 (25.2) 0.006
Age year mean (SD) 65 (13) 67 (13) 65 (14) 0.639
History n (%)
    Hypertension 106 (47.5) 69 (59.5) 37 (34.6) <0.001
    Diabetes 77 (34.8) 57 (49.1) 20 (19) <0.001
    Coronary artery disease 49 (22.1) 36 (30.8) 13 (12.4) 0.001
    Chronic heart failure 43 (19.2) 39 (33.3) 4 (3.7) <0.001
    COPD 85 (44.3) 37 (43.5) 48 (44.9) 0.485
    Renal failure 58 (25.9) 38 (32.5) 20 (18.7) 0.013
    Smoking 129 (57.6) 64 (54.7) 65 (60.7) 0.218
Medications n (%)
    No medication 50 (22,5) 13 (11.4) 37 (34.25) 0.02
    Diuretics 33 (14,9) 31 (27.19) 2 (1.8) <0.001
    ACEI 47 (21.2) 29 (25.43) 18 (16.66) 0.031
    Digoxin 7 (23.2) 5 (4.38) 2 (1.8) 0.071
    B2 agonists 77 (74.7) 30 (26.31) 47 (43.5) 0.121
    Others 8 (3.6) 6 (5.2) 2 (1.8) 0.07
Physical exam mean (SD)
    BMI (Kg/m²) 28.6 (4.88) 29 (5.9) 28.3 (3.49) 0.09
    SBP (mmHg) 141.4 (26.9) 141.2 (28.3) 141.5 (25.5) 0.249
    DBP (mmHg) 74.16 (20.1) 72.2 (18.5) 76.17 (21.4) 0.063
    HR (beat/min) 102 (22.04) 99 (21.8) 106.8 (21.6) 0.524
    RR (cycle/min) 24 (5.23) 24.4 (5.5) 24.71 (4.9) 0.298
    SaO2 (%) 85.5 (11.6) 84.6 (12.9) 86.4 (9.9) 0.047
Cardiac ultra sound
    LVEF % (SD) 51 (16) 46.1 (17) 59.2 (11.6) 0.05
    E/A mean (SD) 2.06 1.57 2.7 0.006
Biology mean (SD)
    Glucose (mmol/L) 9.6 10.6 7.83 0.099
    Creatinin (µmol/L) 129 (91) 145 (109) 110 (57) 0.001
    Urea (mmol/L) 5.9 (1.2) 6.47 (2.8) 5.1 (0.94) 0.7
    Uric acid (mmol/L) 289 (72) 301.8 (79.6) 213 (57.4) 0.007
    Total cholesterol (mmol/L) 4.72 (1.1) 4.83 (1.21) 4.39 (1.05) <0.001
    Triglycerid (mmol/L) 2.1 (0.41) 2 (0.8) 1.71 (0.87) <0.001
    LDL-C (mmol/L) 2.99 (1.06) 3.4 (0.7) 2.96 (1.04) <0.001
    HDL-C (mmol/L) 1.1 (0.2) 1.12 (0.05) 1.04 (0.46) <0.001
    NT pro-BNP (pg/mL) 2708 4767.9 436 <0.001
    Troponin (µg/L) 0.86 (1.6) 1.16 (1.8) 0.09 0.001
COPD: chronic obstructive pulmonary disease; ACEI: angiotensin converting enzyme inhibitor; BMI: body mass index; SBP: 
systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; RR: respiratory rate; SaO2: oxygen’s saturation; LVEF: 
left ventricle ejection fraction. 
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Overall mortality was 17% (40 patients), with a 
higher incidence noted in the presence of 
mutation and was differently distributed 
according to the genotype: 13%, 11% and 20% 
respectively for MM, MT and TT. The majority of 
death were seen in HF group (n=31, 77%) and 
most were TT (58%). Among deaths belonging 

versial. Our study is the first to assess Tunisian 
patients presenting to the emergency room 
with dyspnea to identify the diagnostic and 
prognostic value of the genetic polymorphism 
of the AGT M235T gene. Ethnic difference poly-
morphism found between our population and 
European population compared to African and 
Asian can be justified by the high rate of cardio-
vascular disease in developed countries and 
more precisely the prevalence of HF. HF is 
around 20 to 30 per thousand in European 
countries [12], versus 3-20 per thousand in 
Asian countries [13]. This prevalence strongly 
increases with age from 75 years.

The RAAS plays an important role in the patho-
genesis of HF by producing biologically active 
Angiotensin II by vasoconstriction, sodium 
retention myocardial fibrosis and other factors 
that modulated by RAAS pathways [14]. Many 
studies have investigated the relationship 
between AGT M235T polymorphism and hyper-
tension. Chen et al. in 2003 found that the  

Table 2. Genetic characteristics of the patients
Total

n=234
Heart Failure

n=126
NON Heart Failure

n=108 P

Polymorphisms n (%)
    MM 68 (29.1) 20 (15.87) 48 (44.44) <0.001
    MT 68 (29.1) 32 (25.39) 36 (33.33) <0.001
    TT 98 (41.9) 74 (58.73) 24 (22.22) <0.001
MM: methionine-methionine genotype; MT: methionine-threonine genotype; TT: 
threonine-threonine genotype.

Figure 1. Distribution of deaths according to the diagnosis of heart failure and 
genotype.

Table 3. Multivariate analyses of mortality at 
one year

OR 95% CI P value
Age 3.1 [2.4-15.2] <0.001
Renal failure 1.1 [0.6-2.2] 0.7
LVEF 3.2 [1.23-5.31] <0.001
Nt pro-BNP 2.4 [1.13-6] 0.02
HF diagnosis 4 [1.7-9.5] 0.001
Rehospitalization 1.8 [0.8-4.1] 0.05
Polymorphism
    MM 1 - -
    MT 1.20 [0.4-3.2] 0.057
    TT 1.61 [0.5 to 4.6] <0.001

to the non-HF group the 
most common genotype 
was MM (56%) (Figure 1). 

Predictors of mortality were 
determined by performing 
logistic regression analysis. 
Heart failure and LVEF were 
the most predictive factors 
of mortality, with an OR 4 
(95% CI, 1.7-9.5) and 3.7 
(95% CI, 1.2-5.3) respec- 
tively. 

However, for all patients, 
the TT genotype had an  
OR 1.61 (95% CI, 0.5-4.6) 
(P<0.001) and the MT geno-
type OR was 1.2 (95% CI, 
0.4-3.2) (P=0.05) (Table 3).

Discussion

Although the association 
between the AGT M235T 
polymorphism and cardio-
vascular diseases has been 
demonstrated in many pre-
viously published studies, 
the specific association  
of this polymorphism with 
heart failure is still contro-
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genotype of the AGT gene at exon-2 could be 
associated with an increased risk of essential 
hypertension [15]. In an Egyptian study, gene 
polymorphism of AGT was significantly associ-
ated with cardiovascular disease and was posi-
tively correlated with blood pressure. Moreover, 
the frequency of TT genotype was higher in 
patients with cardiovascular disease compared 
with healthy controls (47% versus 23%) [16]. 

Numbers of studies have been conducted to 
investigate the relationship between this poly-
morphism and HF. Among these studies, Guerra 
et al. studied 363 HF patients and noted that 
the absence of the allele 235T contributes to 
the reduction of the risk of heart failure with a 
(P=0.001) [17]. Sanderson et al. were the first 
to explore the association of M235T polymor-
phism with heart failure in a cohort of Chinese 
patients, and their results showed that M235T 
polymorphism did not appear to be related to 
survival or severity of the syndrome [18]. In a 
Spanish study, Hernandez et al. demonstrated 
that the homozygous T allele of angiotensino-
gen is responsible for the incidence of coronary 
artery disease in the canary islands population; 
this relationship between AGT* M235T poly-
morphism and coronary artery disease could 
be involved in the increasing risk of HF among 
these patients [19]. Pilbrow et al. tested the 
association between M235T polymorphism 
and heart failure risk in a cohort in New Zealand 
and suggested that M235T polymorphism may 
provide prognostic information for long-term 
survival in heart failure patients [20]. This study 
suggests that TT genotype was predominant in 
heart failure patients compared to non HF 
group (58% vs. 22%, P<0.001). The majority of 
deaths were recorded in the heart failure group 
(31/40) and the TT genotype reached an OR of 
1.61 (95% CI, 0.5-4.6), which is similar to the 
results found in the Caucasian population 
[OR=1.66 (95% CI, 1.13-2.46)] [19], but con-
trary to those in Asian patients [OR=0.62 (95% 
CI, 0.18-2.37)] [13] and those of a recent meta-
analysis published by Jiang et al. [21]. Due to 
the absence of Tunisian publications on the 
AGT* M235T polymorphism, these results may 
contribute to enlarge the knowledge on the  
relevance of AGT* M235T polymorphism in  
the diagnosis of HF patients in Tunisian 
population.

Study limitation 

It should be noted that our study has some  
significant limitations that must be considered 

when interpreting the results. Firstly, the meth-
od of choice for follow-up would have been to 
call patients in order to achieve further ques-
tioning and a thorough clinical examination 
with para-clinical investigations but this meth-
od requires preparation and logistics which we 
do not have. 

Nt pro-BNP is the gold standard in the diagno-
sis of HF in this study, but its value in nuclear 
when its level is found in the gray zone (400-
1600 pg/mL). Echocardiography remains the 
gold standard for this disease but this facility is 
not always immediately available to most of 
emergency department services. Finally, our 
findings need to be validated and confirmed in 
other North African countries.

Conclusion

The association between AGT M235T polymor-
phism and HF seems confirmed in this study 
and the clinical as the genetic of this Tunisian 
population as comparable to other world popu-
lations. In addition, AGT M235T polymorphism 
is a good independent predictor for prognosis 
at one year.
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