CARDIOVASCULAR RISK FACTORS FOR PATIENTS WITH UNTREATED HYPERTENSION
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Abstract
Dislipidemy is one of the frequently diagnosed conditions in clinical practice, this is why careful attention should be given to the associated cardiovascular risk. Oxidised LDL plays an essential role in arthrosclerosis. The susceptibility in LDL cholesterol (LDL-c) oxidation is increased when this is associated with hyperglycaemia, smoking, hypertension (HBP), diabetes (DM) and low levels of HDL-cholesterol (HDL-c).

Aims. This study investigates the standard cardiovascular risk factors and the inflammatory parameters of chronic, low-level inflammation in a group of adult patients (age: 57.85±5.81 vs 58.33±6.18 years) with HBP newly diagnosed or untreated at home (BP: 155.8±13.9/ 91.12±8.04 mmHg) and with increased waist circumference versus a control group matched for age and sex.

Methods. The risk factors (fasting plasma glucose-FPG, lipid proﬁle, uric acid) were assessed by validated standard procedures. High sensitive C-reactive protein (hs-CRP) and tumour necrosis factor (TNF-α) has been performed by a sandwich ELISA method. LDL oxidation was evaluated as the in vitro oxidability (generation of malondialdehyde). 

Results. Increased MDA, hs-CRP and TNF-α levels are associated with MetS. MDA plasma concentration for patients group with essential untreated HBP, with/without MetS are significantly higher than the control group (p<0.0001, α = .05). These are strongly correlated with the number of criteria for MetS, the parameters of the lipid profile and the inflammatory status (r>0.7); a moderate correlation (r: 0.5-0.7) with the other cardiovascular risk factors considered and a weak correlation with the blood pressure values were observed. Using the linear multiple regression adjusted for sex, age, the standard cardiovascular risk factors, blood pressure is a powerful, independent determinant of lipid oxidation. The determining coefficient (R2) is significantly increased between the number of criteria for MetS and MDA. Weight and waist are powerful and independent determinant factors of hs-CRP values. TNF-α values are strongly correlated with FPG, MDA and MetS inclusion criteria.
Conclusion. This study shows the connection between the blood pressure, MetS, serum MDA, lipid profile and the inflammatory status.
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Rezumat
Dislipidemia este una din condiţiile întâlnite frecvent în practica clinică, motiv pentru o atenţie sporită la riscul cardiovascular pe care îl implică. LDL-oxidat joacă un rol central în ateroscleroză. Susceptibilitatea la oxidare a LDL-colesterol (LDL-c) este crescută în cazul în care acesta se asociază cu hipertrigliceridemie, fumat, hipertensiune arterială (HTA), diabet (DZ), valori scăzute ale HDL-colesterol (HDL-c).

Obiective. Scopul acestui studiu a fost de a investiga factorii de risc cardiovascular clasici şi parametrii inflamatori ai inflamaţiei subclinice, într-un grup de pacienţi adulţi (57,85±5,81 vs 58,33±6,18 ani), cu HTA nou diagnosticată sau netratată la domiciliu (TA 155,8±13,9 / 91,12±8,04 mmHg) şi cu circumferinţa abdominală crescută, vs un grup control (comparabil din punct de vedere al distribuţiei pe sexe şi grupe de vârstă).
Material și metodă. Factorii de risc (glicemia à jeun, profilul lipidic, acidul uric) au fost dozaţi prin metode standard, validate în laboratorul clinic. Proteina C-reactivă înalt sensibilă (hs-CRP) şi factorul de necroză tumorală alfa (TNF-α) au fost determinate prin metoda sandwich ELISA. Peroxidarea lipidică a fost evaluată prin determinarea spectofotometrică a malonildialdehidei serice (MDA).

Rezultate. Nivelurile plasmatice crescute ale MDA, hs-CRP şi TNF-α se asociază cu sindromul metabolic (MetS). Concentraţiile plasmatice ale MDA determinate la grupul pacienţilor cu HTA esenţială netratată, cu/fără MetS sunt semnificativ mai mari decât la grupul control (p <0001, α =05). Acestea se corelează puternic cu numărul de criterii pentru MetS, parametrii profilului lipidic şi statusul inflamator (r>0,7); au o corelaţie medie (r: 0,5-0,7) cu ceilalţi factori de risc cardiovascular luaţi în considerare şi se corelează slab cu valorile tensiunii arteriale. Aplicând regresia liniară multiplă, corectată după sex, vârstă, factorii de risc cardiovasculari clasici, TA sistolică reprezintă un determinant puternic, independent, al oxidării lipidice. Coeficientul de determinare (R²) este semnificativ crescut între numărul de criterii pentru MetS şi MDA. Greutatea şi circumferinţa abdominală sunt factori determinanţi puternici şi independenţi pentru nivelul seric al hs-CRP. Valorile TNF-α se corelează puternic cu glicemia à jeun, MDA şi criteriile de includere în MetS.

Concluzie. Acest studiu relevă legătura dintre tensiunea arterială, MetS, MDA serică, profilul lipidic şi starea inflamatorie.

Cuvinte cheie: factori de risc cardiovascular, hs-CRP, TNF-α, MDA, hipertensiune arterială.
Introduction
Hypertension and diabetes are major cardiovascular risk factors greatly responsible for mortality and cardiovascular morbidity. Prevalence of hypertension in the diabetic population is two times higher than in the non-diabetic population. On the other hand hypertension (HBP) is a strong predictor for developing diabetes (DM). Up to 75% heart disease conditions in diabetics can be attributed to hypertension. The most common pathogenic element in hypertension and diabetes is the endothelial malfunction which may severely disrupt the body’s homeostasis by generating pro-aggregation, pro-coagulation and pro-inflammatory statuses, respectively. One of the pathogenic mechanisms that can explain this increased risk in diabetes is the imbalance between the pro-oxidants and the antioxidants, which results in the oxidative stress. Hyperglycaemia results in glucose auto-oxidation, non-enzymatic glycation and monocyte dysfunction, which lead to increased production of free radicals. This is further aggravated by the decreased levels of antioxidants and leads to oxidative damage(1, 2).

Strong experimental evidence indicates that increased oxidative stress and associated oxidative damage are mediators of renovascular injury in cardiovascular pathologies. An increase in the production of superoxide anion and hydrogen peroxide, the reduced nitric oxide synthesis and the decreased bioavailability of antioxidants have been demonstrated in experimental and human hypertension.

A few clinical studies showed increased ROS production in patients with essential hypertension, renovascular hypertension, malignant hypertension, and pre-eclampsia(3, 4, 5). These findings are generally based on increased levels of plasma thiobarbituric acid-reactive substances and 8-epi isoprostanes, biomarkers of lipid peroxidation and oxidative stress(6, 7). Accumulation of ROS byproducts from oxidized genomic and mitochondrial DNA have also been found in hypertensive individuals(6). Polymorphonuclear leukocytes and platelets, rich in O2 sources, also participate in vascular oxidative stress and inflammation in hypertensive patients(8, 9). Activation of the renin-angiotensin system has been proposed as a mediator of NAD(P)H oxidase activation and ROS production(10, 11, 12, 13, 14). In fact, some of the therapeutic BP-lowering actions of AT1-receptor blockers and angiotensin-converting enzyme inhibitors (ACEI) have been attributed to NAD(P)H oxidase inhibition and decreased ROS production(15, 16). 

In the metabolic syndrome, the insulin-resistant state will determine a pro-inflammatory condition and, therefore, the inflammation could be the most important link between the pathogenesis of atherosclerosis and the intervention in some important cardiovascular risk factors, such as the obesity or the diabetes mellitus. CRP, an important pro-inflammatory marker, has recently been introduced as a new factor of the metabolic syndrome(17). In obesity and metabolic syndrome, the adipose tissue produces adipokines, some of them with an important influence on inflammation: TNF-α, IL-6, IL-1β, leptin, adiponectin and resistin(18). Insulin’s resistance action on the lipid metabolism is associated with the increase in the free fatty acid (FFA) concentrations in plasma, resulting in the induction of oxidative stress and inflammation(19).

Nowadays, atherosclerosis, the main cause of coronary artery disease, is equally considered an inflammatory and a metabolic disease influenced by both the hereditary and the environmental factors. CRP was the most studied marker of inflammation in cardiovascular diseases and it was revealed to be an independent predictor of risk for myocardial infarction, stroke, peripheral arterial disease, and sudden cardiac death(20).
Materials and Methods

A prospective study of 40 newly diagnosed or never treated hypertension, non-smoking patients with central obesity were recruited for this study. Anthropometrical, biochemical and hormonal parameters were determined. Blood pressure was recorded. The anthropometrical measurement included waist circumference and body mass index (BMI). BMI was computed as a ratio of weight to the square of height (kg/m2). Waist circumference was taken at the midpoint between the lowest rib and the iliac crest. Blood pressure was measured with a mercury sphygmomanometer fitted with a correct cuff size. The protocol included three measurements; the mean of all 3 measurements was used as systolic and diastolic blood pressure. Subjects were asked to fast for 12 h before the blood sampling that was collected around 7.00 a.m. Fasting plasma glucose, serum triglycerides, serum HDL and LDL, total cholesterol, uric acid, fibrinogen, were measured enzymatically. Hs-CRP and TNF-α (TNF-α /TNFSF1A) has been performed by a sandwich ELISA method (IBL International GMBH). The minimum detectable dose (MDD) of hs-CRP ELISA kit ranged from 0.005 - 0.022 ng/mL. The mean MDD was 0.010 ng/mL. The minimum detectable dose (MDD) of TNF-α ELISA kit ranged from 0.5 - 5.5 pg/mL. The mean MDD was 1.6 pg/mL. The technical procedure used followed the producer’s instructions. All measurements were developed in parallel samples. 
The concentration of serum malondialdehyde (MDA) was analysed by spectrofotommetry using the thiobarbituric acid assay, as previously described more detailed(21).

 According to the International Diabetes Federation the metabolic syndrome is diagnosed only when a person with central obesity will as well develop at least two of the following criteria: raised TG level ≥ 150 mg/dL (1.7 mmol/L), or specific treatment for this lipid abnormality, reduced HDL-c <40 mg/dL (1.03 mmol/L) in males ,<50mg/dL (1.29 mmol/L) in females, or specific treatment for this lipid abnormality, raised BP ≥130 / 85 mm Hg, or treatment of previously diagnosed hypertension, raised FPG ≥100 mg/dL (5.6 mmol/L), or previously diagnosed type 2 diabetes. The results were compared with measurements from the control group, consisting of 15 healthy adults matched for age and sex (free from the metabolic syndrome, hypertension or dislipidemia). Rest and stress test electrocardiograms were performed to exclude coronary artery disease.

We have calculated the 10-year risk of cardiovascular death using the risk chart for a high risk population: The Systematic Coronary Risk Evaluation (SCORE) algorithm.

All participants have been informed and signed written consents and the study was conducted in accordance with the Helsinki Declaration and approved by the local Ethics Committee.

Inclusion criteria:

1. newly diagnosed with essential or untreated HPB

2. central obesity

3. dislipidemia or disglycaemia or in treatment

4. women at least 2 years postmenopausal

5. formal consent signed

Exclusion criteria:

Presence of other comorbidities that might influence the endothelial function or generate oxidative stress:

1. vascular cerebral trauma or AMI for the last year, symptomatic peripheral atherosclerosis, cancer, systemic infections, haematological illnesses

2. atrial fibrillation

3. hemodynamic significant valvulopathy 
4. either cardiac or renal or hepatic insufficiency

5. congenital cardiac illnesses operated or not
6. psychiatric illnesses or lack of rationality
7. unable to sign the formal consent

Statistical analysis: data are given as mean ± standard deviations. Statistical analysis has been performed using the Microsoft Office Excel 2007+Analyse-it software, applying parametric and non-parametric tests (one-way breakdown ANOVA, Mann-Whitney U test, Spearman correlation). The results are considered statistical significant when two-tailed p <0.05, α=95%. 
Results
There were significant differences between the parameters recorded for the patients with hypertension and central obesity and those from  the control group. The group characteristics (age, weight, waist, systolic and diastolic BP, number of criteria for MetS) and the blood parameters (fasting plasma glucose, cholesterol, HDL, LDL, TG, hs-CRP, TNF-α, fibrinogen, serum MDA) for the two studied groups are presented in Table I and II. 
Age was similar for both groups. For all other parameters there was a statistical significant difference in the hypertension group in comparison with the control. Regarding the numbers of the inclusion criteria for MetS the group consisted as it follows of: 10 patients with 3, 12 patients with 4, and 7 patients with 5 criteria, respectively. From the total number of 40 patients recruited: 11 met only two criteria (central obesity and hypertension) (Figure 1). All these patients were diagnosed with HBP that was not previously treated. Patients from the control group: had normal values for blood parameters; any noticeable modification would mean exclusion from the group.

Average value for BP is strongly correlated with waist circumference and BMI (Figure 3, Figure 4).

The same strong correlation with waist, the number of criteria for MetS, serum MDA and only an average correlation with BMI, TG, HDL-C, and SCORE algorithm was noticed for the level of hs-CRP activity. Hs-CRP levels are strongly inﬂuenced by waist, weight (Fig.5, Figure 6, Figure 7). 

Serum concentration of TNF-α is strongly correlated with the numbers of criteria for MetS (Figura 9) and serum MDA (Figura 10); has an average correlation with weight, waist, BMI, waist-hip ratio, FPG, TG, HDL-c (p< 0,05) and does not correlate with values of BP, uric acid, LDL-c and total cholesterol.

Uric acid levels are correlated on average with weight, waist, BMI, average BP, diastolic BP and have a weak correlation with hs-PCR and serum MDA.
Plasma level of MDA for patients with/without MetS and HBP are significantly higher than the control group (p<0,0001, α=0,05); they are strong correlated with the number of inclusion criteria in MetS (Figura 8), waist, BMI, the parameters of lipid profile and inflammatory status (hs-CRP and TNF-α) (r>0,7); have an average correlation (r: 0,5-0,7) with the age, weight, SCORE algorithm; have a weak correlation with fasting plasma glucose, triglyceride, HDL-C; the determination coefficient (R²) is significantly increased between the number of criteria for MetS, waist, ABP and MDA.

Discussion

The role of chronic inflammation markers TNF-α and hs-CRP in cardiovascular disease risk remains controversial, and several interrelated questions are unresolved. Although it is clear that higher circulating CRP levels are associated with coronary heart disease (CHD) incidence and mortality rates in prospective studies, the magnitude of this association has been downgraded in recent years(22). It is also clear that CRP levels are strongly related to many potential factors that influence CHD incidence and mortality rates. Whether CRP is a marker of cardiovascular disease risk or is causally related to cardiovascular disease is uncertain. Nonetheless, some authors have recently claimed that CRP itself is indeed a promoter of atherosclerosis and increased CHD risk (23, 24). If this is true, CRP would become a clear and explicit target for therapeutic intervention. Two articles express widely divergent views regarding the role of CRP in cardiovascular disease risk stratification. Cook et al.(25) and Lloyd-Jones et al.(26) investigate whether adding CRP to predictive models could usefully improve the ability of clinicians to target interventions. Lloyd-Jones et al., a review of published evidence, show that adding CRP to predictive models containing conventional cardiovascular risk factors will lead to minor improvement in measures of discrimination. This finding is in line with the findings of the most recent study on this issue(27). Cook et al. argue that these measures of discrimination are not appropriate for evaluating the utility of adding single variables to predictive models. Indeed, their data show that adding CRP did not greatly improve these statistics, and as they point out further neither did adding total, low-density lipoprotein, or high-density lipoprotein cholesterol to models lacking these predictors.

Peter W. F. Wilson et al. said that circulating levels of CRP help to estimate risk for initial cardiovascular events and may be used most effectively in persons at moderate risk for vascular events, offering small improvement in reclassification of risk(28).

The US Preventive Services Task Force concluded that "current evidence is insufficient to assess the balance of benefits and harms in using the nontraditional risk factors”. The recent JUPITER trial supports the clinical utility of an assessment of inflammatory status in guiding intervention to limit cardiovascular events(29). The Food and Drug Administration  has recently expanded the labeling of the JUPITER statin drug to include older individuals with high CRP levels in addition to conventional risk factors. Inflammation is thus moving from a theoretical concept to a tool that provides practical clinical utility in risk assessment and targeting of therapy.

The results of this study show that the plasma level of hs-CRP and TNF-α are higher in the group of patients with hypertension and central obesity compared with the control, although we included non-smoking patients with unaffected target organ. The cardiovascular risk at 10 years calculated using SCORE algorithm for the patients included in the study was moderate.

Determination of MDA, as the product of the oxidation of polyunsaturated fatty acids was reported to be an appropriate indirect method to reveal the oxidation status in CRF patients. The significantly higher serum MDA concentration in  patients with cardiac and chronic renal disease compared to the controls reflects the increased formation of ROS and lipid peroxidation which is in accordance to Kim et al., (2009)(30). The mechanisms involved free radicals attacking the cell membrane of polyunsaturated fatty acids wich results in formation of lipid peroxidation products such as MDA, that alter the endothelial cell function and the vascular smooth muscle (Sasikala et al., 2000)(31).

This present study demonstrates a significant correlation between lipid peroxidation (MDA) and MetS, waist, BMI, the parameters of lipid profile and inflammatory status.

Conclusions

In this study we found significant differences between the parameters recorded for patients with hypertension, central obesity, with or without metabolic syndrome, respectively and the controls; these results support the statement that this group of patients have a higher cardiovascular risk. These factors may be important with respect to the high morbidity and mortality of cardiovascular disease (CVD) found in patients with MetS, probably through correlation with endothelial dysfunction. Prospective studies are needed to determine with certainty the degree of association between CVD and non-traditional risk factors.
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